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You expect your preoperative patient to be somewhat anxious 
and apprehensive about the scheduled surgery. But in some cases, 
psychic tension reaches undesirable levels 
as the time for the procedure approaches. 
In such situations, 10 mg Injectable 
Valium” (diazepam), administered I.M. an 
hour or two before the operation, can lessen 
= the undue anxiety and tension associated 
= >~ with strange surroundings and disturbing 
procedures. The calming effect is generally 
prompt and pronounced. What’s more, 
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Valium (diazepam) can markedly reduce the 
patient’s recall of preoperative procedures. 
Injectable Valium seldom significantly 

alters vital signs. Nevertheless, there have been 
infrequent reports of hypotension and rare 
reports of apnea and cardiac arrest, usually 
following I.V. administration, especially in 
elderly or very ill patients. ~ 

_and those with limited 
pulmonary reserve. 
Resuscitative facilities 
should be available. 










eduction of narcotic dosage should be considered." a 
, (See prescribing informatioh~ 

Do not mix or dilute Injectable Valium 
with other drugs, solutions or fluids. 

The 10-mg disposable syringe is especially 
useful in this respect, since it provides 

a convenient method of using Valium and 
at the same time helps assure 

aseptic handling. 
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<table Valium diazepam) 
can ease the way 


Before prescribing, please consult complete product information, 
a summary of which appears on the following page. 
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Prior to surgery, to relieve excessive anxiety; additionally, 


may diminish recall 


Injectable Valium diazepam) 


ready-to-use 2-ml Tel-E-Ject disposable syringes) 


Before prescribing, please con- 
sult complete product information, 


` a summary of which follows: 


Indications: Tension and anx- 


7 z _ iety states, somatic complaints 


which are concomitants of emo- 
tional factors; psychoneurotic states 


manifested by tension, anxiety, ap- 


prehension, fatigue, depressive 
symptoms or agitation; symptomatic 
relief of acute agitation, tremor, de- 
lirium tremens and hallucinosis due 
to acute alcohol withdrawal; adjunc- 
tively in: relief of skeletal muscle 
spasm due to reflex spasm to local 
pathology; spasticity caused by up- 
per motor neuron disorders; atheto- 
sis; stif/_man syndrome; tetanus; 
status epilepticus and severe recur- 
rent seizures; anxiety prior to gas- 
troscopy, esophagoscopy, and surgi- 
cal procedures; cardioversion (I.V.). 
Contraindicated: In infants; in 
patients with known hypersensitivity 


-to the drug; in acute narrow angle 


glaucoma; may be used in patients 
with open angle glaucoma receiving 
appropriate therapy. 

Warnings: Inject I.V. slowly, 
directly into vein; take at least one 
minute for each 5 mg (I ml) given. 
Do not mix or dilute with other solu- 
tions or drugs. Do not add to I.V. 
fluids. Rare reports of apnea or car- 
diac arrest noted, usually following 
I.V. administration, especially in 
elderly or very ill and those with 
limited pulmonary reserve; dura- 
tion is brief; resuscitative facilities 
should be available. Not recom- 
mended as sole treatment for psy- 


-chotic or severely depressed patients. 


Should not be administered to pa- 
tients in shock, coma, acute alcoholic 
intoxication with depression of vital 
signs. Caution against hazardous 
occupations requiring complete 
mental alertness. Advise against 


‘simultaneous ingestion of alcohol 


and other CNS depressants. With- 
drawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discon- 


10-ml vials 


5 mg/ml 


2-ml ampuls 


tinuance (convulsions, tremor. ab- 
dominal and muscle cramps, vomit- 
ing and sweating). Keep addiction- 
prone individuals under careful 
surveillance because of their pre- 
disposition to habituation and de- 
pendence. In pregnancy, lacation or 
women of childbearing age, weigh 
potential benefit against possible 
hazard to mother and child. 

Precautions: If combined with 
other psychotropics or anticomvul- 
sants, carefully consider individual 
pharmacologic effects—partic larly 
with known compounds which may 
potentiate action of Valium 
(diazepam), such as phenothiazines, 
narcotics, barbiturates, MAC in- 
hibitors and other antidepressants. 
Usual precautions indicated m pa- 
tients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usual precau- 
tions in impaired renal or hepatic 
function. Not recommended or 
bronchoscopy, laryngoscopy, obstet- 
rical use, or in diagnostic pro- 
cedures other than gastroscopy 
and esophagoscopy. Laryngospasm 
and increased cough reflex ar2 pos- 
sible during gastroscopy; nec2ssary 
countermeasures should be avail- 
able. Hypotension or muscular 
weakness possible, particular y when 
used with narcotics, barbiturates or 
alcohol. Since effect with narcotics 
may be additive, appropriate reduc- 
tion in narcotic dosage is possible. 
Use lower doses (2 to 5 mg) fcr el- 
derly and debilitated. Safety and effi- 
cacy in children under 12 no: 
established. 

Side Effects: Drowsiness, fa- 
tigue, ataxia, confusion, depression, 
constipation, dysarthria, diplopia, 
headache, hypoactivity, hiccups, 
hypotension, incontinence, jzundice, 
nausea, changes in libido, changes 
in salivation, phlebitis at in ection 
site, urinary retention, skin rash, 
syncope, slurred speech, urticaria, 
tremor, vertigo, blurred visicn. Para- 
doxical reactions such as acute hy- 


perexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturdances 
and stimulation have been reported; 
should these occur, use of the drug 
should be discontinued. Isolated re- 
ports of neutropenia, jaundice; pe- 
riodic blood counts and liver func- 
tion tests advisable during long-term 
therapy. Minor EEG changes, usu- 
ally low-voltage fast activity, of no 
known significance. 

Dosage: Usual initial adult dose 
is 2 to 10 mg I.M. or I.V., depending 
on indication for use. Lower doses 
(usually 2 to 5 mg) with slow dosage 
increase for elderly or debilitated 
patients and when sedative drugs 
are added. (See Precautions and Ad- 
verse Reactions.) In gastroscopy and 
esophagoscopy, 5 to 10 mg, I.M. or 
L.V., 30 min. prior to procedure. As 
preoperative medication, 10 mg, 
I.M., 1 to 2 hours before surgery. In 
cardioversion, 5 to 15 mg, I.V., within 
5 to 10 min. prior to procedure. Give 
I.V. injections slowly; take at least 1 
minute for each 5 mg (1 mf). 

In acute conditions injection 
may be repeated within 1 Four, al- 
though interval of 3 to 4 hours is 
usually satisfactory; not more than 
30 mg should be given within 8-hour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if furter treat- 
ment is required. 

Supplied: Valium® (d-azepam) 
Ampuls, 2 ml, boxes of 10; Vials, 

10 ml, boxes of 1; Tel-E-Ject® 
(disposable syringes), 2 ml. boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 40% propylene 
glycol, 10% ethyl alcohol, 5% sodium 
benzoate and benzoic acid as 
buffers, and 1.5% benzyl a_cohol as 
preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, N.J. 07110 
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[] The style of writing should conform to acceptable 
English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 


Manuscripts reporting the results of experimental in- 
vestigations on human subjects must include a statement 
to the effect that informed consent was obtained after the 
nature of the procedure(s) had been fully explained. 


[ | Authors whose “first” language is not English should . 


arrange for their manuscripts to be written in idiomatic 
English prior to submission. 


[| Provide an abstract (135-word maximum) of the arti- 
cle. The abstract should include statements of the problem, 
method of study, results, and conclusions. The abstract 
replaces the summary. 


C] List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent 
citations should be to the original number. All references 
must be cited in the text or tables. Unpublished data 
and personal communications should not be listed as 
references. References to journal articles should include 
(1) author, (2) title, (3) journal name (as abbreviated 
in Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, 
(6) publisher, and (7) year. Volume and edition num- 
bers, specific pages, and name of translator should be 
included when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
their correct text citation. Note this journal’s punctuation 
and sequence style in published reference lists. 
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ed Refer to patients by number (or, in anecdotal reports, 
by fictitiocs given names). Real names or initials should 
not be used in the text, tables, or illustrations. 


[ All measurements are to be in metric units. 


| | Letters to the Editor. The Editor will be pleased to 
receive correspondence of 250 words or less that pertains 
to material published in the ARCHIVES or of other matters 
of interest to its readers. If intended for publication, such 
letters should be clearly marked “For Publication.” 


be] Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, unmounted . 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
name of senior author, and arrow indicating “top” should 
be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after feduc- 
tion to colamn size. Artwork submitted for publicazion may 
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out the journal. Magnification and stain should be provided 
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proportion of 12.5 x 18 em (5 X 7 inches). Legends 
should be typed double spaced beginning on a separate 
sheet of paper. Length should be limited to a maximum 
of 40 worcs. 
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whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 
mitted, afix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surfaee if the 
artwork consists only of line ink technique. 


[| A leter of consent must accompany all photographs 
of patients in which a possibility of identificaticn exists. 
It is not sufficient to cover the eyes to mask identity. 


Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, zhe remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribttion, the 
author’s share is $275.00 for up to six square finished 
illustratios which can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the acthor at cost. Positive color transparencies (35 
mm pref2rred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. If transparencies are mounted in frames or 
glass, the material should be carefully packed in gauze 
and sent with the manuscript in a separate container or 
between two pieces of pressboard. 


BI Each table should be typed double-spaced, including 
all headirgs, on a separate sheet of 22 x 28 cm paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. 


[ Tables should be arranged so that when printed they 
will not be wider than three columns of ARCHIVES body 
type. Generally up to nine typewritten columns of data 
(including stub, or left column) will fit into three columns. 
Tables mast be numbered consecutively, beginning with 1, 
and each must have a heading. Example: “Table 6.—Re- 
sults of Elood Coagulation Studies.” 
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he term duoceażl stump blowout is 

an apt deseripcien of the break- 
dowr of a duodena dosure following 
gastric resection. The patient has 
complicated duodenel ulcer disease 
treated by a gastzie resection, duode- 
nal Gosure whieh may be “difficult,” 
and gastrojejunostemy as reconstitu- 
tion. He does well for the first few 
postqperstive days and then develops 
overwhelming sepsss and prostration 
due to leakage fom the duodenal 
stump. The seemimely sudden occur- 
rence ef this compication made the 
use cf the term “Hlowout” most ap- 
propriate. Moreeve1, the 50% mortal- 
ity associated witā this condition led 
to innumerable publivations explain- 
ing its pathogenesis. 

Within the past decade, articles 
about duodenal Sbwout have vir- 
tually disappeared from the litera- 
ture. There are numerous reasons for 
this: The popularity of vagotomy and 
pyloreplasty has reeured the number 
of gastri resection: “or duodenal ul- 
cer and the neec to-centend with the 
difficult closure of the duodenal 
stump. A better amcerstanding of the 
nutritional consequences of duodenal 
bypass secondary -o a Billroth II 
reconstruetion has eouraged the in- 
creasmg use of a gastroduodenos- 
tomy as seconstruetion following va- 
gotomy and hemiges=rectomy. Clear 
elucidation of the pathogenesis of 
duodenal stump bicevout as a conse- 
quence of high int-aduodenal pres- 
sure has led to mere Frequent cathe- 
ter duodenostomy ia patients where 
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. Whither Goest the 


the duodenal closure seems tenuous. 

In the 1880s, both von Langenbuch' 
and Billroth reported on the indwell- 
ing duodenal catheter for pestopera- 
tive feeding. It was not until 1909 
that Neumann? described the use of 
catheter duodenostomy for decom- 
pression. Forty years later, Welch? 
rediscovered the application of de- 
compressive tube duodenostomy in 
patients with insecure duodenal clo- 
sures following gastrectomy. Two 
decades later it was a well-estab- 
lished technique in such patients.‘ 

Although the amount of scar tissue 
secondary to the ulcer process, the 
blood supply to the remaining duode- 
num, and the type or placement of su- 
tures have been implicated in the oc- 
currence of duodenal stump blowout, 
the underlying difficulty is chiefly 
duodenal obstruction distal to the 
outflow of bile and pancreatic juice. 
This obstruction may be partial or 
complete, but it eventually leads to an 
intraduodenal pressure high enough 
to disrupt even the most secure 
duodenal closure. The obstructing 
mechanism is generally kinking or 
inaccurate suturing of the afferent or 
efferent limbs of the gastrojejunos- 
tomy. It may even be due to obstruc- 
tion of the small bowel distal to the 
gastroenteric anastomosis. 

As the article by Dardik et al in 
this issue of the ARCHIVES (p 89) 
points out, whether the anastomosis 
is made with use of the entire tran- 
sected stomach (Pólya) or only a por- 
tion of it (Hofmeister) makes little 
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difference in postoperative duodenal 
pressures. Similarly, placement of the 
anastomosis anterior or posterior to 
the colon produces no significant dif- 
ference in postoperative intraduode- 
nal pressures. These authors clearly 
show that the anastomotic method or 
position of the gastrojejunostomy 
with relation to the colon, in them- 
selves, will not raise intraduodenal 
pressure. Without an elevated intra- 
luminal pressure, there can be no 
duodenal disruption. 

Happily, the dreaded complication 
of duodenal blowout following gastric 
resection was an infrequent occur- 
rence. With proper understanding of 
the pathogenesis and institution of 
preventive measures in a potential in- 
stance, eg, catheter duodenostomy or 
indwelling nasogastric tube placed in 
the afferent limb, duodenal blowout 
should be reduced considerably. In 
fact, it should disappear from the sur- 
gical scene entirely. 

Warp O. GRIFFEN, JR., MD 
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Glucagon Infusion 


Following Phosphodiesterase Inhibition 


An Experimental Study of the Hemodynamic Effects 


Thomas F. Mitts, MD; Weldon B. Jolley, PhD; Louis L. Smith, MD, Loma Linda, Calif 


The hemodynamic effects of a potent 
phosphodiesterase inhibitor (PDI), 3-bromo- 
5,7-dimethylpyrazolo(1,5a)pyrimidine, have 
been studied in a group of 18 dogs. Gluca- 
gon alone was compared to glucagon and 
PDI infusions. Control animals received sa- 
line only in a volume equal to that employed 
in the treated groups. The phosphodieste- 
rase inhibitor was found to potentiate the 
rise in cardiac output when added before and 
during the glucagon infusion by an average 
of 57% (P<.01) over that observed with 
glucagon and saline. Glucagon and PDI to- 
gether increased the cardiac output by 120% 
(P <.001) above that observed in the saline 
controls. The phosphodiesterase inhibitor 
caused no significant change in arterial pres- 
sure, heart rate, central venous pressure, or 
hematocrit reading. It consistently de- 
creased peripheral resistance. These find- 
ings provide additional evidence that the car- 
diovascular effects of glucagon are mediated 
by cyclic 3’,5’-adenosine monophosphate. 
The potentiation of glucagon by PDI raises 
the possibility of its use in the clinical man- 
agement of certain low perfusion states. 
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AC myocardial failure with 
its resultant low perfusien state 
continues to be a problem in surgical 
care, particularly following severe 
shock and certain complex cardio- 
vascular operations. Sutherland and 
his co-workers have postulated that 
the enzyme, adeny] cyclase, leeated in 
some cell membranes, is activated by 
certain vasoactive hormones. `- Ade- 
nyl cyclase catalyzes the syntaesis of 
cyclic 3’,5’-adenosine monophosphate 
(c-AMP) from adenosine triphesphate. 
Cyclic AMP acts as the intrecellular 
messenger, triggering the target 
cell’s response. The enzyme cyclic 
3’,5’-adenosine monophosphate phos- 
phodiesterase (PDE) inactivates c- 
AMP, thereby acting as a control 
mechanism. 

A new potent PDE inhititor, 3- 
bromo - 5,7 - dimethylpyraze.o(1,5a)- 
pyrimidine (PDI), has become avail- 
able to us for experimental stady. We 
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have previously reported a beneficial 
effect of glucagon in improving myo- 
cardial function following hemor- 
rhagic and endotoxic shock.‘ We, 
along with others, have suggested 
that this beneficial effect might be 
due to activation of c-AMP.*-"° 

The experiments to be reported 
were designed to determine whether 
inhibition of PDE by this new drug 
would potentiate the beneficial he- 
modynamic effects of glucagon in the 
experimental animal. If so, this would 
provide a potential tool for the man- 
agement of certain low perfusion 
states and contribute additional in- 
formation regarding the mechanism 
of action of glucagon on the cardio- 
vascular system. 


Materials and Methods 


Eighteen adult mongrel dogs weighing 
14 to 20 kg were used in these experiments, 
which were carried out in an air-condi- 
tioned room at 25 C. Each animal was 
lightly anesthetized with intravenous thio- 
pental sodium, and the trachea intubated. 
Polyethylene cannulas (outside diameter 
3.25 mm) were placed in the left carotid 
and femoral arteries, left and right fem- 
oral, right jugular, and left basilic veins. A 
succinylcholine drip containing 50 mg/100 
ml was started, and the animal was placed 
on an artificial piston respirator. Two base 
line hemodynamic determinations were 
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A 


"| “eae Laboratory Values for the Four Groups 

HR, Beats SV, ml/ 
Group Event ABP, mm Hg CO, mi/min/kg CVP, mm Hg per Minute Hct, % TPR, Units Heartbeat 
A Base Line 135+7 99 + 22 1.9+0.6 143+ 13 53+4 69 +17 13+4 
30° First 115+13 141 + 28 2.1+0.4 184 + 27 5444 40+8 17+6 

60" infusion 119+14 141+ 24 1.9 + 0.8 189 + 34 54+4 41+5 16+4 

75’ ia I 116+18 154 + 32 1.9+0.9 190 + 21 55+4 37 +7 17+5 

fuk RR He 112+ 22 159 + 39 1.9+1.2 179+ 24 56+5 35+7 20+6 

120° 116+ 21 165 + 32 25+0.8 175 + 28 56+4 34 +6 20+5 

186’) TEE 122+ 17 103 + 16 24+1.3 136 + 25 56+4 57 +7 16+3 

240" 124+ 15 97 + 24 2.4+1.1 119 +32 57 +5 64+ 14 18+6 

B Ease Line 126+7 82 + 28 1.1 +1.6 139 + 23 52+4 80 + 25 13+6 
30) First 127+9 108 + 29 141.6 136 + 20 53+3 60+ 18 17+7 

6@) infusion 128+6 116 +37 2.0+1.0 141+17 5224 58 + 22 18+8 

75’ ane =) t18t7 168 + 45 1.3+0.9 183 + 23 54+ 3 35+10 20+6 

. Spaga e 111 +9 169 + 46 1.2 + 0.8 192 + 28 54+3 33+9  19+7 
120° 109+12 177 +44 121.0 184 + 30 54+3 34+11 21+6 

186") TET 126+7 112 +31 1.8 + 0.6 147 +19 55+4 57 +16 17 £7 

246’ 129+7 112+41 14+1 137 +19 5423 61 + 24 18+9 

C Ease Line 116 + 13 109 + 31 S2 £17 140 +12 45+7 56+18 16+4 
30° First 118+8 104 + 27 3.6+1.6 140 + 32 46+6 59 + 20 15+3 

60° infusion 120+7 101 +23 Z LESI 134 +31 44 +8 62 + 20 16+4 

75" 105+7 171+48 2.9=1.7 214+17 46+6 33 +12 16+4 

oe |; . Sens 105=4 16048 3.518 202526 4647  35£13 1624 

120 108 + 10 165+41 3.1=1.5 207 + 23 46+7 34+9 16+4 

180". 128+ 10 98 + 21 3.9+2.1 134 + 26 46+9 66+ 14 15+5 

Recovery 





240'' 129+6 99 £31 4.7 +1.88 128 + 25 46=8 70+ 23 16+6 P 
D Ease Line 128 + 12 90 = 32 12=1.5 148+ 17 50+ 4 73 + 29 13 +4 
Sat he ee eS he eee eA 


30’; First 132+ 13 83 = 25 2.2 & 1.2 141 +16 49+4 80 + 27 133 

66t infusion 129 + 14 79 +21 2.1=1.0 135+18 514 78+19 13 +2 

7a aoe 131+14 83=19 2.0+0.9 129 + 18 49=4 75 +15 14+2 

o¢ - infusion 129 + 12 7716 2.6 + 1.0 127 + 16 48 +3 79 +13 131 
120° 132 £14 76 £17 3.2 + 1.4 129 + 18 48 +4 82 + 19 13 +2 
180” Recovery 130 + 13 76=17 2.9 + 1.0 128 + 17 50 +4 82 +19 13 +3 
246’ 128+ 14 76=19 3.2=0.8 128 + 15 5124 82 + 24 13+3 


* All hemodynam cavalues are expressed as mean + SD. 


made ten mirutes apart. These values 
were averaged and became the base line 
for subsequent odsrvations. The he- 
modynamic measurements included heart 
rate (HR); arterial bsoed pressure (ABP); 
cardiac output (CO%; central venous pres- 
sure (CWP); hematoc-it reading, and lead 
II electrecardicgram. Stroke volume (SV) 
and totalperipkeral resistance (TPR) were 
calculated from thew appropriate mea- 
surements. Hemodrramic readings were 
taken at 30, 6(, 75 50, 120, 180, and 240 
minutes followmg the start of drug ther- 
apy or saline irfusiers. All infusions were 
stopped at 120 minutes, and the two hours 
thereafter were considered the recovery 
period, 

The dogs were dived into four groups 
according to the drugs employed and their 
Sequenceof administzation. 

Group A.—These anmals received a con- 
stant infusion cf lyemylized giucagon hy- 
drochloriee, 5ugrkg min, for 120 minutes. 
A PDI infusion was-ailded during the final 
60 minutes of the glecagon infusion at a 
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rate of 5 mg/kg/hr. 

Group B.—These dogs received PDI for 
120 minutes in the dose described above. A 
glucagon infusion was added to the final 60 
minutes of the PDI infusion. 

Group C.—In this group, the animals re- 
ceived a norma! saline infusion for 120 
minutes. A glucegon infusion of the same 
dose as used in groups A and B was added 
to the final 60 minutes of the saline infu- 
sion. 

Group D.—These dogs received normal 
saline only throughout the 120-minute in- 
fusion period. The total volume adminis- 
tered was equal to that given to the pre- 
ceding three experimental groups. These 
dogs served as the controls for this study. 


Results 


The laboratory values from the four 
groups of dogs appear in the Table. 
Group A, when compared to D, had a 
90% increase in CO (P<.001), a 55% 
increase in SV (P<.03), a 35% in- 


crease in HR (P<.001), a 71% de- 
crease in TPR (P<.01), and a 16% de- 
crease in ABP (P<.01) at the 120- 
minute reading. The effect on ABP 


continued for two hours following dis- 


continuance of the infusion. Arterial 
pressure, when compared to that in 


group B dogs, showed a 9% decrease 
(P<.04), and when compared to that 


in group C there was a 19% decrease 
(P <.04). The hematocrit reading and 


CVP showed no significant changes 


when compared to groups C or D. 
Group B, when compared to group 
D, showed a 120% (P <.001) and a 46% 
(P<.02) increase in CO at 120- and 
240-minute readings, respectively. 
Stroke volume increased 50% (P <.04) 
and 37% (P<.02) at the 120- and 240- 
minute readings, respectively. Heart 
rate increased 48% (P<.002) at 120 
minutes. Resistance decreased 77% 
(P<.002) and 51% (P <.07) at the 120- 
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and 240-minute readings. Total pe- 
ripheral resistance decreased 55% 
(P <.003) compared to that in group C 
at the 120-minute reading. Arterial 
blood pressure was decreased 16% 
(P <.000) at 120 minutes. The hemato- 
crit reading and CVP showed no sig- 
nificant changes when compared to 
those in groups C or D. 

Glucagon infusion, followed by PDI 
administration (group A), caused a 
77% increase in CO at 90 minutes. The 
infusion of PDI, followed by glucagon 
administration (group B), caused a 
121% increase at 90 minutes. The dif- 
ference in the increase in the CO in 
groups A vs B was significant (P <.01). 

Group C, when compared to D, 
showed a 63% increase in CO 
(P<.002), a 60% increase in HR 
(P <.001), and a 59% decrease in TPR 
(P<.009). There was no significant 
change in the ABP, CVP, and hem- 
atocrit values. 

Group D showed insignificant he- 
modynamic changes from base line in 
all measurements. 

Figures 1 through 3 show the com- 
parative values for CO, HR, and TPR 
in the four groups of animals. All 
values are shown as percent change 
from the base line value. 


Comment 


The PDI used in these studies has 
been shown to be 1.7 times more po- 
tent than theophylline. It has a 
greater affinity for the PDE derived 
from the heart than that from other 
tissues. The enzyme for testing the 
inhibitor is one of two fractions. The 
first has a low affinity for c-AMP, and 
is therefore called a high K,, enzyme. 
The second PDE fraction has a high 
affinity for c-AMP, and is therefore 
called a low k,, enzyme. The PDI is 
lipophilic in character.’ 

The combination of both PDI and 
glucagon caused a significant in- 
crease in CO above that observed 
when either drug was infused alone. 
The phosphodiesterase inhibitor po- 
tentiated the increase in CO with no 
significant increase in HR. An in- 
crease in SV indicates that the action 
of the PDI on the heart is to improve 
myocardial contractility (inotropic ef- 
fect). 

The significantly greater and more 
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Fig 2.—Comparison of mean valves for heart rate plotted as percent change trom base 
line for all groups. 
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4 line fer all groups. 
prolonged glucagen response, when and A by their PDI dose difference. 
_this drug is admimistered against a Apparently the pretreatment of the 
background infasm of PDI (group group B dogs by the PDI caused a 
B), is of interest. croup A dogs re- greater and more prolonged suspen- 
ceiviag PBI, agaimst a background sion of PDE activity. Glucagon be- 
infusion of glucagon, did not have as haved differently when the sequence 
great er prolonged hemodynamic ef- of infusion was reversed in the group 
fectsas group B The rate of drug ad- A animals. The duration of action of 
ministration was equal in both groups this drug is brief, and its hemodyna- 
A ard B. However, due to infusion mic effect is apparently not additive 
durasion differences, group B received when infused alone. 
twice the amourt > PDI and half the Another possible mechanism to ex- 
amount of glueagenwhen compared to plain group A and B differences is 
group B. It is possible to explain the negative feedback. It is known that 
a hemedynamie dff2-ence of groups B when a normal biological system is 
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stimulated, a controlling mechanism 
is also stimulated as a secondary ef- 
fect. If glucagon (as in group A) stim- 
ulates an increase in c-AMP, the level 
of PDE will also increase as part of 
its controlling role. The PDI given af- 
ter a glucagon infusion (group A) 
would be inhibiting a greater amount 
of PDE. Group B received twice the 
amount of PDI as group A. It there- 
fore could have a greater number of 
active molecules at the inhibiting 
sites. Since there has been minimal 
stimulation to the adenyl cyclase-e- 
AMP system then, there should be 
minimal amounts of PDE present to 
inhibit. Therefore, group B with its 
pretreatment with PDI, would allow 
glucagon to have a greater effect. As- 
suming this theory to be correct, then 
the sequence of administration of 
glucagon and PDI would have signifi- 
cant cardiovascular effects, as this 
study demonstrates. 

The exact mechanism of action of 
glucagon on the heart in vivo remains 
unknown. Our data lend weight to the 
hypothesis that glueagon acts as an 
extracellular stimulator of the intra- 
cellular messenger c-AMP. 

We observed no adverse cardiac 
rhythms or conduction disturbances 
when the PDI was infused. The syn- 
ergetically favorable hemodynamic 
effects of the PDI plus glucagon may 
provide a useful clinical tool in the 
management of certain types of re- 
fractory shock or low perfusion 
states. More physiological studies and 


clinical trials will be required to con- 


firm this usefulness. 
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help make 


COLACE the 


most widely use 
stool softener. 


COLACE works by stool-softening action alone, free from laxative 
stimulation. Simply by letting natural intestinal water permeate stoo 
COLACE helps to eliminate the hard, dry stools common to constipat 


COLACE works to prevent pain and straining at stool with minimum 
chance of griping or cramps, particularly in patients with delicate 
anorectal disorders. COLACE is safe and non-habit forming in short- 
long-term therapy COLACE—the simple water way to ease constipat 
from infancy to did age. Capsules, syrup or liquid. 
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Bilateral Nephrectomy and 
Renal Eomotransplantation 


for Malignant N ephrosclerosis 


John 3> Payne, MB, ES, FRCS (Ed); Glenn R. Sileott, MD; 
Robert Mendez, MD: Benjamin H. Barbour, MD; 


Thomas V. Berne, ML, Los Angeles 


The effects of hemodialysis, bilateral ne- 
phrectomy, and rena’ nomotransplantation 
were evaluated in 12 patients with renal fail- 
ure due to primary malignant hypertension. 
The bibod pressure was difficult to control 
with hemodialysis, mederately high doses of 
antihypertensives, amd dietary restriction. 
Bilateral nephrectomy resulted in significant 
reduction of diastolic blood pressure and 
reduction in the number and quantities of 
antihypertensive medication. Fourteen renal 
homografts were perfermed. Patient sur- 


he prognosis of patients with ma- 
lignant hypertension and signif- 
icantly impaired renal function is 


poor. `m two large series reported be- “ 


fore techniques were available for the 
maintenance of patiants with chronic 
renal “ailure, 79% and 90% of patients 
died n the first wear after diag- 
nosis.~* By the time renal failure is 
presert, these patents have sus- 
tainec diffuse vasealar damage in 
multiple systems. Bezause of the risks 
of cortmued hypertension and con- 
cern chat these patients would be 
much more difficuk to manage than 
patients with other eauses of chronic 
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vival and transplant function compare favor- 
ably with other patients transplanted by us 
and those reported to the Human Transplant 
Registry. In the posttransplant period, hy- 
pertension was a problem in only two pa- 
tients. The mean diastolic blood pressure 
was similar to that achieved by bilateral ne- 
phrectomy. Renal transplantation is an ac- 
ceptabletherapy for patients who have been 
treated by bilateral nephrectomy for malig- 
nant nephrosclerosis. 


renal failure, there was initially some 
reluctance to accept them into dialy- 
sis and transplant programs. Even 
with aggressive antihypertensive 
therapy patients whose renal func- 
tion is markedly impaired usually die 
within six months.* Maintenance he- 
modialysis may be quite successful in 
prolonging life, but the addition of bi- 
lateral nephrectomy generally leads 
to more effective control of blood 
pressure, heart failure, and papil- 
loedema.*-7 

In 1957 the Renal Section at the 
Los Angeles County-University of 
Southern California Medical Center 
embarked on a program of aggressive 
treatment of patients with malignant 
nephroselerosis and renal failure. In 
most instances patients were encour- 
aged to have bilateral nephrectomy 
followed by a renal homograft. This 
analysis of our experience is pre- 
sented in order to assess the benefits 
derived from the relief of hyperten- 
sion and the difficulties encountered 


with this form of treatment. Results 
of transplantation are compared with 
those achieved in patients with 
chronic renal failure due to other 
causes. 


Clinical Population and Method 


Fourteen renal homografts were per- 
formed between April 1968 and July 1972. 
There were 12 patients whose ages ranged 
from 19 to 42 years. Seven were men and 
five women; ten were black and two white. 
Thirteen homografts were from cadaver 
donors, and one was from a one-haplotype- 
mismatch, live, related sibling donor. 
Twelve homografts have been followed up 
for at least one year and the remaining 
two for six months. 

The diagnosis of malignant hyperten- 
sion was based in all cases on a diastolic 
blood pressure persistently elevated above 
130 mm Hg. Patients were excluded if 
there was any hint of glomerulonephritis, 
nephrotic syndrome, or other renal disease, 
preceding the onset of hypertension. In ad- 
dition, a serum creatinine level of greater 
than 10 mg/100 ml was present in every 
patient. The pathological material was re- 
viewed for this study. The diagnosis of 
nephrosclerosis was made when extensive 
intimal and medial arteriolitis and fi- 
brinoid necrosis was found in a number of 
sections obtained from each kidney re- 
moved at nephrectomy. 

Peripheral renins were obtained from 
most of the patients soon after admission 
and at various times in their subsequent 
course. Plasma renin activity was deter- 
mined either by a bioassay method in rats 
or by radioimmunoassay.** In these pa- 
tients it was extremely difficult to abso- 
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Before Nephrectomy 


Diastolic BP, 
mm Hg 


First After Nephrectomy 
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Diastolic BP, Renin, 


mm Hg ng’100 mi/3 hr 


Second After Nephrectomy 


A LOE AAT ALITY 
Diastolic BP, Renin, 
mm Hg ng/100 ml/3 hr 


Patient ng/100 mi/3 hr 


pa 


150 2,750 105 220 
160 1,980 145 230 
130 1,500 110 245 
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lutely control conditions prior to obtaining 
these specimens. Attempts were made to 
have patients on comparable dietary so- 
dium intake, levels of activity, and min- 
imal antihypertensive therapy. Blood was 
drawn just prior to dialysis treatments. 
Because of the danger of complications 
due to complete withdrawal of antihyper- 
tensive drugs, almost all specimens for 
renin determinations were made while the 
patient was on some medication. 

Dietary therapy to control blood pres- 
sure consisted of restricting sodium intake 
to 10 mEq/day. Antihypertensive medica- 
tions were given singly and increased to 
maximum before a second or third drug 
was administered. Methyldopa, 2 to 3 
gm/day, was the first medication used. 
Hydralazine hydrochloride, 200 to 300 
mg/day, was usually added next. Guan- 
ethidine sulfate, 25 to 100 mg, was used in 
five cases. Intravenously administered so- 
dium nitroprusside, diazoxide, and hy- 
dralazine were occasionally used for emer- 
gency control. 

Hemodialysis was performed for six 
hours three times each week with Kiil-type 
dialyzers. The concentration of sodium in 
the dialysate was 132 + 4 mEq/liter. 

Bilateral nephrectomy was performed 
through a bilateral loin or anterior trans- 
peritoneal approach. The former method 
was preferred. Seven patients diagnosed 
as having malignant nephrosclerosis were 
bilaterally nephrectomized electively sev- 
eral weeks prior to actual transplantation 
but after a period of several months of he- 
modialysis. Bilateral nephrectomy was 
carried out urgently in the other five pa- 
tients for continuing problems such as de- 
terioration of vision or continued severe 
hypertension. In one case removal of one 
nephrosclerotic kidney was necessary be- 
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Table 2 —Consistent Abnormalities 





Disorder 
Fatigue and /or malaise 


Patients (%) 
12/12 (100) 


cause of hemorrhage from a needle biopsy 
site. Because the patient’s blood pressure 
fell to normal, renal homotranspantation 
was carried out, but when severe Fyperten- 
sion and hyperreninemia returnec, the sec- 
ond native kidney was removed. 

Standard techniques of kidney trans- 
plantation and immunosuppression with 
azathioprine, corticosteroids, and local ir- 
radiation have been described in a previ- 
ous paper." After transplantation antihy- 
pertensive therapy was given as described 
above, and thiazide diuretics were added 
when necessary. The results of transplan- 
tation were analyzed by the actuarial 
method and compared with 584 cadaver 
transplants (1968) and with cadaver trans- 
plants in 36 nephrosclerotic patieats previ- 
ously treated with bilateral nephrectomy 
reported in the Tenth Report of the Hu- 
man Renal Transplant Registry.” Selected 
as the most appropriate year was 1968, be- 
cause the length of follow-up is similar to 
the cases presented in this paper. 


Results 


The average diastolic blood pres- 
sure of the 12 patients when irst seen 
was 147 + 13 mm Hg (mean + SD, 
Table 1). Other consistent abnormal- 
ities included evidence of cardiac de- 
compensation, encephalopatky, grade 


3 to 4 retinopathy (ten of 12 had 
grade 4), and azotemia. Other find- 
ings are seen in Table 2. Nine of the 
12 patients had histories of essential 
hypertension of between one and 
nine years. In the remaining three 
patients the hypertension was known 
to be of only recent onset. Peripheral 
renins were obtained in all patients 
soon after admission (Tabie 1). The 
mean value was 1,750 + 1,250 ng/100 
ml/3 hr. The number of antihyper- 
tensive medications needed to control 
the blood pressure averaged 2.6 per 
patient. 

Five bilateral nephrectomies were 
necessary within the first month af- 
ter referral, two were performed at 
two months and two at three months, 
one at 12 months, and one was com- 
pleted after transplantation, as men- 
tioned earlier. The average weight of 
the kidneys removed was 88 gm, with 
a range of 45 to 125 gm. The kid- 
ney removed following renal biopsy 
weighed 195 gm. There was no mor- 
tality. One patient developed a sub- 
phrenic abscess that required surgical 
drainage. The blood pressure fell and 
medications were withdrawn within 
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Fig 1.—Patient survival. 


one week in ten of the 12 patients fol- 
lowng biateral nephrectomy. Other 
sigrificant abnommalities such as 
retinopatay and cardiomegaly slowly 
regressed with coutrol of blood pres- 
sure. Troableseme hypertension per- 
sisted for-4 and 12 months in two pa- 
tients. Tae average diastolic blood 
pressure six monchs after nephrec- 
tomy was 109 + B mm Hg. The dif- 
ference between -he mean diastolic 
blood pressure be“ore and after ne- 
pkrectomy is swnifieant (P<.02). The 
average number ef antihypertensive 
drugs recuirec was 0.5 per patient. 


Postaperetive ver-pheral vein renins 


averaged 136 = 190 ng/100 ml/3 hr. 

Sarviva after renal transplanta- 
tior can be seen in Fig 1. Three pa- 
tierts died, one ef hyperkalemia in 
the perioperative period, one of hepa- 
titis at seven months, and the third of 
septicemia foliowng homograft ne- 
phrectomy. A fourth patient died of 
causes nœ related to transplantation 
eight months afer homograft ne- 
phrectomy for hyperacute rejection. 
Transplant fanctien is compared with 
results resorted tc the Human Trans- 
plant Registry ix Fig 2. Seventy- 
seven percent fanctioned for six 
months, 5% for ore year, 55% for two 
years, 42% for thee years, and both 
hcmografts performed four years ago 
still funcion. ®ne patient had homo- 
grat nephrectom® at two years and 
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three months for chronic rejection. 
He achieved stable renal function af- 
ter blood pressure control was 
achieved by the removal of his re- 
maining native kidney. The patient 
who died of hepatitis had normal re- 
nal function for seven months. Three 
homografts failed because of severe 
acute rejection, one because of uncon- 
trollable hypertension, one had hyper- 
acute rejection, and one was removed 
because of urinary extravasation. 
Blood. pressure was easy to control 
in the nine patients who had good 
transplant function for six months or 
more. Moreover, normal blood pres- 
sures were found in four patients who 
had excellent renal function for long 
periods of time. The mean diastolic 
blood pressure six months after 
transplantation was 102 + 9 mm Hg 
and was similar to that following bi- 
lateral nephrectomy. The amount of 
medication necessary for control of 
the blood pressure was less than that 
necessary before bilateral nephrec- 
tomy. The average number of drugs 
used was 1.4 per patient. There has 
been no exacerbation of retinopathy 
or cardiomegaly. The residual cardio- 
vascular effects of hypertension were 
of little significance. Serum renin 
values (average 227 + 112 ng/100 
ml/3 hr) were also lower than before 
bilateral nephrectomy (P <.02). It was 
interesting that the posttrans- 
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Fig 2.—Transplant function. 
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plantation serum renin was elevated 
more than 2 standard deviations from 
the mean, in the only patient who had 
severe hypertension after bilateral 
nephrectomy and transplantation. 


Comment 


This study was begun when the ul- 
timate outcome of renal transplanta- 
tion in patients with malignant neph- 
rosclerosis was not known. The Tenth 
Report of the Human Renal Trans- 
plant Registry” cites 59 cadaver do- 
nor transplants (36 with nephrec- 
tomy) for nephrosclerosis. Although 
the diagnostic criteria for inclusion in — 
the Registry figures may be quite 
varied, the shapes of the curves for 
patient survival and transplant func- 
tion are similar. It is therefore prob- 
able that the results of transplanta- 
tion shown in Fig 1 and 2 can be 
considered comparable with those of 
transplantation performed for other 
more common causes of chronic renal 
failure. Moreover, the results in our 
nephrosclerotic patients are the same 
as our results of overall transplant 
function in 85 patients, namely: 66% 
one-year, 56% two-year, and 46% 
three-year transplant function. 

It has become accepted that malig- 
nant hypertension may be present as 


an accelerated phase of an estab- 


lished hypertension of any cause.’ 
However, the diagnosis primary ma- 
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nant appociension): 


lignant nephrosclerosis may be diffi- 
cult to reach from pathological sec- 
tions or biopsy material obtained 
from end-stage kidneys even though 
proliferative arteriolitis and fibrinoid 
necrosis are recognized as the pathog- 
nomonic changes.** Many kidneys re- 


_ moved from patients with clear-cut 


histories or previous biopsies which 
implicate glomerulonephritis show 
the same vasculitis. Clinical criteria 
for the diagnosis of malignant hyper- 
tension are also ill-defined, since 
retinopathy, signs of cardiac decom- 
pensation and ventricular hyper- 
trophy, and renal failure may be mod- 
ified by therapy. Diastolic blood 
pressure persistently elevated above 
130 mm Hg in conjunction with dete- 
riorating renal function seems to be a 


- most reliable sign. Only patients with 


primary hypertension were chosen 
for this report. The pathogenesis of 


hypertension may be different in pa- 


tients with renin dependent hyper- 


- tension,”® and this may have a bear- 


ing on the drug therapy." 

Numerous workers+'®" have given 
evidence that control of hypertension 
could allow the vasculitis to heal, or 


1. Keith NM, Wagener HP, Barker NW: 
Some different types of essential hyperten- 
sion, their course and prognosis. Am J Med 
Se 197:332-343, 1939. 

2. Kineaid-Smith P, McMichael J, Mur- 


phy EA: The clinical course and pathology 


of rtension with papilloedema (malig- 
nant hy buart J Med 51:117- 
, 19 


3. Woods JW, Blythe WB: Management 
of malignant hypertension complicated by 
renal insufficiency. N Engl J Med 227:57- 
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4. Kolff WJ, et al: Effect of bilateral ne- 
peony and kidney transplantation on 

ertension in man. Circulation 30(suppl 
2):23-28, 1964. 

5. Vertes V, et al: Hypertension in end- 
stage renal disease. N Engl J Med 280:978- 
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6. Weidman P, et al: Plasma renin activ- 
ity and blood ry in terminal renal 
failure. N Engl J Med 285:757-762, 1971. 

7. Lazarus JM, et al: Urgent bilateral 
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conversely that irreversible damage 
had occurred if the blood pressure re- 
mained elevated or if both kidneys 
were small. Therefore, it is important 
to treat very aggressively with anti- 
hypertensive drugs, dialysis, and 
careful control of fluid and electrolyte 
balance, in spite of progressive im- 
pairment of renal function. Renal 
function has returned to functional 
levels in several patients who have re- 
quired hemodialysis therapy beth in 
this Center and elsewhere." Progno- 
sis is poor if the hypertensive patient 
is unable to tolerate the hemody- 
namic rigors of dialysis,’ or respond 
to reduction in total exchangeable 
body sodium, and has a severe eompli- 
cation of hypertension. In this situ- 
ation bilateral nephrectomy cam be a 
life-saving procedure.” Significant 
morbidity and mortality could be ex- 
pected from such major procedare in 
patients who have severe hyperten- 
sion complicated by renal failur2. The 
combined mortality of ours and four 
other series™'™?™?! becomes 5% of 41 
patients. 

For ease in antihypertensive con- 
trol bilateral nephrectomy is best per- 
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formed before transplantation. Af 
transplantation presumably tae risks 
of any procedure are greater because 
the patient is less able to withstand 
sepsis. Again after transplentation 
there will be less chance of hyperten- 
sive crisis and subsequent mortali- 
ty from intracranial hemormage or 
other complication. Nephrosclerosis 
can be eliminated as a cause of post- 
transplant hypertension. 

The choice of the patient’s remain- 
ing on dialysis or accepting a renal 
transplant after bilateral rephrec- 
tomy is one of continual contzoversy, 
for morbidity and mortality of* both 
therapies are continuing to improve. 
We have shown that transplentation 
is feasible in patients with melignant 
nephrosclerosis after bilateral ne- 
phrectomy. Fifty-five percent of pa- 
tients achieved worthwhile trans- 
plant function for two years. 
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Methyldopa—Aldomet. 
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Jack M. Matlof®, MD. Les Angeles; James Schauble, MD, San Diego, Calif 


Twenty-six patients were subjected to 
large intraoperative shifts in plasma colloid 
oncoticepressure (COP% by dilutional cardio- 
pulmenary bypass, sal? poor albumin (SPA), 
and/or diuretic therapy. During bypass, COP 
fell 44%, to a level thet leads to pulmonary 
edema in vitro. Intraeperative changes in 
COP, induced by the pestbypass use of SPA 
and diuretics, were associated with in- 
creased COP and urine output, but did not 
correlate with changes in alveolar-arterial 
oxygen tension gradierts (A-a Po,). We con- 
clude that therapy designed to change COP 
has a limited role and does not affect intra- 
operative pulmonary fanction as measured 
by A-a Po. gradients. 


onsiderations of the pathophysi- 

ologic effects ef pulmcnary dys- 
function have primarily fecused on 
the hemodynamic alterations which 
lead to deranged alveolar-arterial 
transport.' Mcre reeently, the role of 
factors relating to bloed constituents 
and lung water have been investi- 
gated.** Of the blood components, on- 
cotic pressure in particular has been 
alluded to repeatedly, but rarely has 
it been measured. In isolated lung 
prepérations, Gaar et al have investi- 
gatec the effects of varying oncotic 
pressares; they coneluded that when 
oncotic pressure is lowered to about 
one kalf normal, pulmonary edema 
develops, even at normal capillary 
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pressures.’ 

The purposes of the present inves- 
tigation are twofold: to determine 
whether oncotic pressure can be low- 
ered in vivo to levels that cause pul- 
monary edema in vitro, and to estab- 
lish whether changes in oncotic 
pressure can influence pulmonary 
functien, as manifested by changes 
in alveolar-arterial oxygen tension 
gradients (A-a Po,). 


Materials and Methods 


Twenty-six patients, ages 18 to 63, were 
studied intraoperatively and postopera- 
tively. Fourteen underwent prosthetic car- 
diac valve replacement, eight had valve 
replacement or coronary artery bypass 
grafting or both, and four underwent clo- 
sure of atrial septal defects. The duration 
of bypass varied between 20 minutes and 
three hours. The pleura was entered in all 
patients. 

Two pump primes were investigated. 
Nine patients received type 1 prime, con- 
sisting of 1,500 ml D5-W, 500 ml acid-cit- 
rate-dextrose (ACD) blood, and NaHCO, 
as needed to correct pH to 7.40. Between 
250 and 500 ml of ACD blood were added 
during bypass. The residual pump volume 
after bypass averaged 700 ml. Serial on- 
cotic pressures and hematocrit readings 
were determined in this group of patients 
at hourly intervals before, during, and af- 
ter bypass, using previously described 
methods.” A special membrane was em- 
ployed in the electronic osmometer to cir- 
cumvent citrate-induced, falsely high on- 
cotic pressure readings." 

Seventeen patients were operated on 
using type 2 pump prime, consisting of 
2,500 to 3,000 ml of Normosol, 75 gm of 
salt poer albumin (SPA), and 66 mEq 
of NaHCO,. During surgery, variable 
amounts of whole ACD blood were added, 
ranging between 500 and 4,000 ml (aver- 
age, 1,000 ml). The residual pump volumes 
averaged 1,000 ml. Besides oncotic pres- 
sures, hematocrit readings, total plasma 
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protein concentrations, cardiac outputs, 
left and right atrial pressures, arterial 
blood gas levels, plasma osmolarities, and 
A-a Po, gradients were determined se- 
rially, using standard and previously de- 
scribed methods.® In contrast with the 
first group, these patients all received ad- 
ditional SPA with or without diuretics (fu- 
rosemide [Lasix] or ethacrynic acid [Ede- 
crin] or both). 

To minimize the number of possible — 
variables influencing the clinical study of 
A-a Po, gradients, pulmonary function 
was examined only when the patients were 
anesthetized, and breathing 100% oxygen 
through an endotracheal tube. Pulmonary 
function data from patients with congeni- 
tal heart disease were not used, except af- 
ter repair of all intracardiac shunts. 

Anesthesia was induced intravenously 
with morphine sulfate and maintained 
with 50% nitrous oxide and diazepam. The 
lungs were hyperinflated at intervals, and 
large tidal volumes (12 to 15 ml/kg) were 
used at a rate of ten per minute. 


Results 


Effects of Dilutional Bypass on 
Blood Components.—Oncotic pressure 
dropped an average of 44% during by- 
pass in both groups. With type 1 
prime, mean oncotic pressure dropped 
from 26.8 + 2.8 mm H,O to 15.8 + 2.4 
mm H,O. When type 2 prime was 
used, mean oncotic pressure dropped 
from 30.5 + 3.2 to 17.8 + 18 mm H,0. 
After bypass, oncotic pressures in pa- 
tients receiving type 1 pump prime 
rose to a mean of 24.4 + 2.6 mm H.O 
(91% of the prebypass level) by the 
fourth hour after bypass. In patients 
receiving type 2 pump prime, post- 
bypass mean oncotic pressure was 
29.4 + 12 mm H,O (95.6% of pre- 
bypass levels). Thus, when patients 
receiving the two pump primes were 
compared, the intraoperative use of 
an average of 155 gm of SPA did not 
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significantly increase the average rise 
in postoperative oncotic pressure (Fig 
1). 

Total protein measured only in pa- 
tients receiving type 2 pump prime 
dropped from a mean of 6.26 + 0.47 
gm to 3.98 + 0.35 gm during bypass. 
Figure 2 describes both the observed 
and the predicted nonlinear relation- 
ship between total protein (TP) con- 
centration and oncotic pressure. As 
noted in Fig 2, plasma colloid oncotic 
pressure (COP) after bypass had a 
linear, rather than nonlinear, correla- 
tion with total protein concentration: 
COP = 4.57 x (TP) + 0.19 (r = 0.9397). 

Hematocrit readings dropped 26% 
+ 3% in group 1. In general, changes 
in hematocrit readings often paral- 
leled changes in oncotic pressure (Fig 
3); however, several instances of nor- 
mal hematocrit readings and abnor- 
mally low oncotic pressures, or vice 
versa, were observed. 

No correlation between oncotic 
pressure and osmolarity was found 
(Fig 4) in group 2. 
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Fig 1.—Variation of plasma oncotic pressure (COP) wizh time į 
traoperatively and postoperatively. Intraoperative addit 
poor albumin (SPA) did not significantly increase the rise in postop- 


erative COP. 
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Fig 2.—Variation of plasma oncotic pressure (COP) with plasma 
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Pulmonary Effects of Dilutienal By- 
pass.—Before thoracotomy ænd by- 
pass, mean A-a Po, gradients and on- 


-cotic pressure were 348.7 + 120 mm 


Hg and 30.4 + 3.3 cm H,O, respec- 
tively. Two to four hours pos-bypass, 
when the chest was closed, m2an A-a 
Po, gradients and oncotic pressure 
were 413.9 + 82.7 mm Hg ane 28.3 + 
5.9 em H.O. Mean urine outpu- for the 
time interval between sampl ng was 
1,328.2 + 719.5 ml. Figure 5 demon- 
strates the lack of correlation be- 
tween oncotic pressure and A-a Po, 
gradients during the intraoperative 
period. 

Effects of SPA and Diuretics.—One 
to two hours after administration of 
an additional 78 + 24.8 gm of SPA 
alone (eight patients), A-a Po, 
gradients did not change signifi- 
cantly (Table). Mean oncotic dressure 
rose from 25.3 + 2.2 em H,O to 28.9 + 
4.2 em H,O (P<.02) and meen urine 
output was 250.6 + 296.3 m. during 
the one-hour interval. 

In seven patients, one to two hours 


after administration of 785 + 26.8 
gm of SPA and 82. 1 + 23.8 mg of fu- 
rosemide, mean A-a Po, gradients did 
not change significantly. During this 
time, oncotic pressure rose signifi- 
cantly from 21.2 + 3.8 cm H,0 to 31.4 
+ 6.5 em H,O (P<.01). Urine output 
(Table) was significantly higher than 
in the group receiving albumin alone 
(734 ml + 669 ml, P<.05). 

Individual examples of typical pa- 
tients in whom such treatment was 
employed are depicted in Fig 6 
through 8. While significant differ- 
ences in the oncotic pressure mea- 
surements and urine outputs were 
noted between patients as < function 
of diuretic therapy, there was no dif- 
ference noted in A-a Po, gradients be- 
fore or after either therapy. 


Comment 


The first question (Does dilutional 
bypass lower oncotic pressure to the 
critical level at which pulmonary 
edema forms in vitro?) has definitely 
been answered by these studies. The 
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-E 3.—Variations of plasmaoncotic pressure (COP) (left) and hematocrit readings (right) with time. 


Fig 4.—Lack ef Orrelation between plasma oncotic pressure 
(COP) and osmelarity; changes in protein concentration are ex- 
pected to have /itl nfluence on osmolarity. 


Fig 5.—Lack of correlation between plasma oncotic pressure 
(COP) and alveolar-arterial oxygen tension gradient (A-a Po,). 
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Fig 6.—Example of ineffectiveness of salt poor albumin (SPA) and 
diuretics on alveolar-arterial oxygen tension gradient (A-a Po.) de- 
spite resultant rise in plasma oncotic pressure (COP). 


Fig 7.—Example of ineffectiveness of salt poor albumin (SPA) and 
diuretics on alveolar-arterial oxygen tension gradients (A-a Po.) de- 
spite resultant rise in plasma oncotic pressure (COP) and urine out- 


put. 


low level of oncotic pressure that we 
obtained during dilutional bypass (15 
to 18 em H,O) has been found to lead 
to pulmonary edema in isolated ca- 
nine lungs perfused at normal capil- 
lary pressures.’ The extent to which 
oncotic pressure actually falls with di- 
lutional bypass has not been reported 
previously. Others have recorded un- 
expectedly high oncotic pressures 
during bypass, even when protein 
concentration was diluted to 2.8 
gm/100 ml.‘ Unfortunately, these 
workers* used an osmometer mem- 
brane that interacts with the citrate 


anticoagulant, thus producing a 
falsely high estimation of oncotic 
pressure." 


Exactly how vulnerable the intact 
human lung is to hypooncoticity has, 
however, recently been questioned. 
For example, in a series of 26 pa- 
tients, Laver and Buckley observed 
no sign of pulmonary edema or dete- 
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rioration in A-a Po, gradients despite 
extreme hemodilution (total protein 
level, 2.4 gm/100 ml, hematocrit read- 
ing, 9.5% with bypass).? Similar re- 
sults have been achieved with 10mo- 
dilution experiments in dogs.’ Imdeed, 
preliminary studies have shewn a 
higher pulmonary extravascular wa- 
ter content in patients operated on 
without hemodilution.’* As far as iso- 
lated lung experiments are con- 
cerned, 


all who have worked in this area have com- 
mented on the incidence of edema if these 
lungs no matter how carefully one eentrols 
vascular pressures. Obviously, something 
happens in the isolated lung that dees not 


` make it a valid model for permeability 


studies.” 


The second question we sought to 
answer was “Is there any relationship 
between changes in oncotic pressure 
and changes in A-a Po, gradients?” 
As far as the intraoperative period is 
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concerned, we have demorstrated 
that changes in oncotic pressure do 
not correlate with changes in A-a Po, 
gradients. 

One of the reasons that edema for- 
mation in lung tissue cannot be de- 
fined solely in terms of intravascular 
forces may be that pulmonary water 
content seems to be governed to a 
significant degree by changes in peri- 
capillary forces in the pulmonary in- 
terstitium.'* Thus, the normally nega- 
tive interstitial pressure in the lungs 
becomes positive with as little as 10 
mm Hg positive pressure breazhing,"® 
and destruction of the normal in- 
trapleural environment may ad- 
versely affect A-a Po, gradients.” For 
example, patients with intact pleural 
sacs had prebypass and postby ass A- 
a Po, gradients of 263 mm Hg and 
266 mm Hg, respectively; in ccntrast, 
with pleurotomy, prebypass and post- 
bypass A-a Po, gradients were 
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271 mm Hg and 340 mm Hg, respec- 
tively.™ 

Indeed, evidence is accumulating 
that if any cclloid is infused in addi- 
tion to the large volumes of crystal- 
loid, the risk of pulmonary edema 
becomes higher*“* Certainly, in 
patients dyimg with posttraumatic 
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pulmonary insufficiency, lung compo- 
sition studies have confirmed that a 
striking increase in pulmonary extra- 
vascular albumin content occurs." 
Pontoppidan et al also believe that 
“in the presence of pulmonary capil- 
lary lesions with loss of capillary in- 
tegrity and leakage of protein, Star- 
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ling’s Law no longer pertains. Even 
vigorous diuresis and dehydration are 
often ineffective” in such patients.’ 
Such protein leakage may account for 
the ineffective or adverse effects of 
SPA on A-a Po, gradients that we ob- 
served in our patients (Fig 6 through 
8). 
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Diastolic Mitral Regurgitation in 


Patients With Aortic Valve Replacement 


Ronald J. Nelson, MD; 
Ira M. Feldman, MD; 

J. Michael Criley, MD; 
Richard J. Cleveland, MD, 
Los Angeles 


Diastolic mitral regurgitation is an un- 
usual phenomenon, which occurs when the 
left ventricular pressure exceeds the left 
atrial pressure during diastole. Four patients 


with angiographically documented diastolic 
~ mitral regurgitation were studied by syn- 


chronized pressure and cineangiographic 
techniques, and later underwent successful 
aortic valve replacement. Two had severe 
aortic regurgitation without associated le- 
sions. The third had mild aortic regur- 
gitation associated with severe aortic ste- 
nosis, and the fourth had moderate aortic 
regurgitation and severe myocardial dys- 
function. Aortic regurgitation thus ‘‘over- 
fills” the left ventricle, either by a large in- 
crement in left ventricular filling or by lesser 
degrees of increment in a noncompliant (hy- 
pertrophic or cardiomyopathic) ventricle. It 
is important to recognize diastolic mitral 
regurgitation, since it implies a severe he- 
modynamic state and can be relieved with- 
out mitral valve replacement. 


Ms regurgitation is a complex 
phenomenon resulting from ab- 
normalities of one or more of the 
components of the mitral apparatus, 
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including the left atrial wall, anulus, 
leaflets, chordae tendineae, papillary 
muscles, and left ventricular wall.’ 
While mitral regurgitation is usually 
considered a systolic event, it may oc- 
easionally occur during the diastole if 
the left ventricular pressure 2xceeds 
the left atrial pressure. Diastolic mi- 
tral regurgitation occurring in associ- 
ation with aortic regurgitacion is 
important to recognize because it in- 
dicates severe overfilling >f the 
left ventricle, implying an acvanced 
hemodynamic lesion, and can be re- 
lieved without mitral valve preplace- 
ment if the mitral valve is struc- 
turally normal. However, Ciastolic 
mitral regurgitation has also been re- 
ported in association with an abnor- 
mal mitral valve requiring prosthetic 
replacement.’ 

This report will review feur pa- 
tients with angiographically docu- 
mented diastolic mitral regurgitation 
associated with aortic valvuar dis- 
ease, emphasizing the mechanism 
of regurgitation by correla-ion of 
hemodynamic and cineangiographic 
findings. 


Material and Methods 


Four patients were found to have dia- 
stolic mitral regurgitation on review of the 
left ventricular cineangiograms o` 53 con- 
secutive patients undergoing aor-ic valve 
replacement. A model 1260 or 2350 Starr- 
Edwards prosthesis was used fer aortic 
valve replacement in this series. 

Transseptal and retrograde left heart 
catheterizations were performed per- 
cutaneously using the Seldinger technique 
to introduce the catheter into the femoral 
vein and artery. Polyethylene catheters, 70 
to 80 cm long, were used and were attached 
directly to strain gauges which were 
equilibrated with atmospheric pressure at 
the patient’s midchest level and adjusted 


to equal sensitivity. All pressures were cal- 
culated in reference to a mercury manome- 
ter signal. Cardiac outputs were edeter- 
mined by dye dilution technique 

Left ventricular cineangiograms were 
recorded in the right anterior otlique pro- 
jection after injection of 76% ciatrizoate 
sodium and meglumine, 0.7 m/kg body 
weight at 12 to 20 ml/sec. Left ventricular 
volume was calculated from the one-plane 
cineangiographic picture with use of the 
ellipsoid type model developed by Arvids- 
son for his biplane technique.’ Aortic root 
cineangiograms were performed in the left 
anterior oblique projection. Tie fluoro- 
scopic image was photographed from the 
output phosphor of a 23-cm image intensi- 
fier at 60 frames per second on 35-mm film, 
by a camera synchronized to recerd 4-msec 
x-ray pulses. Numbers were optically pro- 
jected onto each frame of film, each frame 
being numbered consecutively. A neon 
bulb was pulsed to mark each frame that 
corresponded with the electrocardiograph- 
ic R wave. A marking channel on the 
recorder was triggered by the exposure of 
each cineframe with augmentation of each 
tenth and 100th frame for rapid identi- 
fication (Fig 1). With this technique, a spe- 
cific numbered frame of film could be cor- 
related with a pressure event occurring in 
either the left ventricle or le*t atrium. 
These events were in turn referred to the 
more complete precinerecordings for arte- 
rioventricular pressure interrelations. 


Results 


The pertinent clinical, cardiac cath- 
eterization, and angiographic data 
for the four patients with diastolic 
mitral regurgitation are summarized 
in Tables 1 and 2. Patients 1 and 2 
had severe aortic regurgitation sec- 
ondary to infective endocarditis with 
marked elevation of the left ventricu- 
lar and diastolic pressure. On auscul- 
tation, both patients had grade 3/6 
rumbling diastolic murmurs consist- 
ent with the Austin Flint murmur. 
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Fig 1.—Markin= channel used to correlate left ventricular (LV) 
pressure data wit) siseangiographic events. Each numbered cine- 
frame is represemeed >y short vertical spike with augmentation of 
each tenth and 100theframe. Electrocardiographic R wave is repre- 
sented by a negative deflection. 


Fig 2.—Simultaneats left atrial (LA) and left ventricular (LV) pres- 
Sure tracing fromm pewent 1 showing LA pressure higher than LV 
pressure during rapid illing period (1) with reversal of gradient dur- 
ing mid and late diastale (2 and 3). (Marking channel recorded only 
during cineangiogranky.) 


Fig 3.—Simultaneous left atrial (LA) and left ventricular (LV) pres- 
Sure tracing from patient 4 showing LA pressure higher than LV 
pressure during rapid filling period (1) with reversal of pressure 
gradient during mid and late diastole (2 and 3). 


Fig 4.—Simultaneous left atrial (LA), left ventricular (LV), and aor- 
tic (Ao) pressure tracing from normal patient. showing reversal of 
atrioventricular pressure gradient during late diastole. Phono repre- 
sents precordical phonocardiogram indicating first (1) and second 
(2) heart sounds. 
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Synchronized left ventricular and left 
atrial pressure teacings and cine- 
angiograms from both patients dem- 
onstrated reversal of the atrioven- 
tricular pressure gradient in mid and 
late diastole. with mitral regur- 
gitation occurring during late dias- 
tole. The pressure tracing from pa- 
tient 1 is representative (Fig 2). 

The predominant lesion in patient 3 
was ealcific aoraic s-enosis. In this pa- 
tient, mild aertie nsufficiency over- 
filled a thick-waile@ hypertrophic left 
vertriele, resulcing-in reversal of the 
atrioventricular pressure gradient in 
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late diastole. This patient with mild 
aortic regurgitation did not have a 
mitral diastolie murmur. 

Severe aortic regurgitation second- 
ary to rheumatic heart disease was 
combined with myocardial dysfunc- 
tion in patient 4. A grade 3/6 rum- 
bling murmur was heard, and pres- 
sure tracings showed two periods of 
reversal of the atrioventricular pres- 
Sure gradient during mid and late 
diastole as seen in Fig 3. Two distinct 
“puffs” of contrast medium floated 
into the atrium, coinciding with the 
two periods of reversal of gradient, 
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lending additional support to the cor- 
relation of regurgitation with rever- 
sal of gradient. 

During left ventricular cineangiog- 
raphy, the four patients were in nor- 
mal sinus rhythm and had no prema- 
ture ventricular contractions. Only 
one patient (case 2) had systolic mi- 
tral regurgitation, and this was min- 
imal and confined to early systole. 

The aortic valves of the four pa- 
tients were replaced with Starr-Ed- 
wards model 1260 prostheses. The mi- 
tral valve was examined only through 
the aortic valve orifice. The anterior 
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Table 1.—Clinical Data 


Patient No./Age Diastolic Murmur Other 
in yrs/Sex Valvular Lesion Cause Than Aortic Regurgitation 
1/38/F Aortic regurgitation Infective Grade 3/6 middiastolic rumble with presystolic 
endocarditis accentuation and soft first heart sound 
2/52/M Aortic regurgitation Infective Grade 3/6 diastolic rumble at apex 
endocarditis 
3/58/F Calcific aortic ostenosis with Congenital None 
aortic regurgitation bicuspid valve 


4/45/F Aortic regurgitation Rheumatic Grade 3/6 rumbling diastolic murmur 
and tricuspid regurgitation 





Table 2.—Cardiac Catheterization Data 


Left Ven- Mean Cardiac Left Ven- 
Aortic tricular Left Atrial Aortic Index, tricutar End 
Patient, Pressure, Pressure, Pressure, Gradient, Liters / Diastolic Ejection Cineangiographic 
No. mm Hg mm Hg mm Hg mm Hg min/sqm Volume, mi Fraction Findings 
1 108/42 108/3/22 a= 20 10 3.3 315 0.45 Severe aortic regurgitation with 
(70)* v= 23 late diastolic mitral regurgita- 
(22) tion 
85/48 85/10/38 a=32 > : Severe aortic regurgitation; mod- 
(62) c= 30 erate mitral regurgitation 
v= 36 starting in middiastole end 
(28) extending into early systole 
108/60 235/10/25 a= 22 i . Mild aortic regurgitation; lete 
(70) ¢=10 diastolic mitral regurgitation 
v= 20 
(13) 
145/15/43 a= 38 . Severe aortic regurgitation 
c=30 with mid and late diasto ic 
v= 32 mitral regurgitation 
(33) 





* Figures in parentheses represent the mean values. 


DIASTOLIC 
ANTERIOR LEAFLET IMPINGEMENT MITRAL REGURGITATION 


A 


Fig 5.—Two proposed mecha- 
nisms for genesis of Austin Flint 


murmur. 
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n fit and assecaced chordae ten- 
din pearez narmal in all. None 


” 


had mitral valve reoslacement and all 
survived operation. The Austin Flint 
murmur disapp=ared in the three pa- 
tients in whom it was present (cases 
1, 2, amd 4), anc mame had developed 
systalie murmurs >of mitral regur- 
gitation. The first three patients have 
shown marked dlinxcal improvement. 
The fourth pazient 2ontinued to have 
myocardial dys=amcion secondary to 
her cardiomycpathy, but had no di- 
astolic mitral reznggitation on a re- 
peated cardiac satheterization. 


2 Comment 


Mizral valve dosure is normally ini- 
tiated by atrie systole.* Following 
elevation of the left ventricular end 
diastelic pressume Fy atrial contrac- 
tion, the atrievencricular pressure 
gradient may. ander normal condi- 
tions, reverse tself (Fig 4). Firm clo- 
sure, however, requires ventricular 
systoe with norms! functioning of 
chordae tendineae, rapillary muscles, 
and ventricular wal. 

In patients with severe aortic re- 
gurgitation, elevation of the left 
ventricular diastolic pressure may oc- 
casionally cause rev=rsal of the atrio- 
ventricular pressure gradient in mid- 
diastele, as demonstrated in several 
studies.™™ Left vextricular diastolic 
pressare is determired by the volume 
of bleod filling =e ~entricular cavity 
and the complianee of the left ven- 
tricular wall. Thes, elevation of 
diastelic pressur2 may be caused by 
severe aortic rezurgitation into a di- 
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Hemodynamic effects 


lated left ventricle or lesser degrees 
of regurgitation into a stiff-walled 
left ventricle, such as might occur 
with the concentric hypertrophy of 
aortic stenosis or with a cardio- 
myopathy. The four cases reported 
here all show reversal of the atrio- 
ventricular pressure gradient in dias- 
tole. 

Karly closure of a structurally nor- 
mal mitral valve has been shown to 
result from the altered hemodynam- 
ics of aortic insufficiency. Rees et al 
demonstrated premature closure of 
the mitral valve in middiastole in a 
patient with elevated ventricular 
diastolic pressure and reversal of the 
atrioventricular pressure gradient.’ 
They also collected six cases from the 
literature and others have subse- 
quently reported further cases.*-912:18 
If the mitral valve closes firmly with 
pressure gradient reversal, there may 
or may not be diastolic mitral re- 
gurgitation. If the valve closes in- 
completely, however, diastolic mitral 
regurgitation results. Patients with 
systolic mitral regurgitation due to 
the structural valvular abnormalities 
have also been shown to have diastol- 
ic mitral regurgitation under condi- 
tions of pressure reversal during dias- 
tole, and such valves may require re- 
placement.’ 

The presence of a diastolic rumble 
beginning in mid or late diastole in 
the reported cases of diastolic mitral 
regurgitation, as in our cases 1, 2, and 
4, has led to a reevaluation of the 
pathogenesis of the Austin Flint 
murmur associated with aortic re- 
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gurgitation. Flint postulated a func- 
tional stenosis caused by the re- 
gurgitant stream impinging on the 
anterior leaflet of the mitral valve or 
setting up vibrations in that leaflet. 
Fortuin and Craige have recently 
summarized the evidence for antero- 
grade flow as the causative factor in 
cases of mild to moderate aortic re- 
gurgitation with turbulence resulting 
when valve closure leads to an in- 
crease in flow velocity through the 
narrowing orifice.” Retrograde flow 
through the mitral orifice in severe 
cases of aortic regurgitation must 
also be considered in the etiology of 
the Austin Flint murmur (Fig 5)." 
Diastolic mitral regurgitation is 
important because it signifies an ad- 
vanced hemodynamic lesion wherein 
overfilling of the left ventricle and re- 
versal of the atrioventricular pressure 
relationships have occurred. Over- 
filling may result from severe aortic 
regurgitation into a distended left 
ventricle, as in patients 1 and 2, or it 
may occur when milder aortic re- 
gurgitation enters a poorly compliant 
left ventricle, as in patient 3 with 
aortic stenosis or patient 4 with car- 
diomyopathy. Diastolic mitral regur- 
gitation must be differentiated from 
systolic regurgitation, a distinction 
that may be missed if specific timing 
aids are not used. Correction of the 
aortic regurgitation relieves the 
diastolic mitral regurgitation in the 
absence of intrinsic mitral valve dis- 
ease so that mitral valve replacement 
is unnecessary in the absence of other 
evidence of mitral valve abnormality. 
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Coronary Artery Disease 


Surgery in 100 Patients 65 Years of Age and Older 


Gilbert W. Ashor, MD; Bert W. Meyer, MD; George G. Lindesmith, MD; 
Quentin R. Stiles, MD; Glen H. Walker, MD; Bernard L. Tucker, MD, Los Ang=les 


One hundred patients aged 65 years and 
older underwent operation for coronary ar- 
tery disease, its complications, or both. Sev- 
enty-eight patients had saphenous vein by- 
pass grafts only. The remainder included 
segmentectomies, aneurysmectomies, or 
valve replacement combined with grafts, or 
aneurysmectomies alone. Significant compli- 
cations were rare; severe arrhythmias and 
low cardiac output were the most frequent 
serious complications and occurred in nine 
patients. A total of 178 bypass grafts were 
performed on 89 patients. There were six 
early deaths and four late deaths for a total 
overall mortality of 10%. All deaths were in 
patients with end-stage coronary artery dis- 
ease and, with one exception, death was due 
to this advanced disease. 

Follow-up in 83 patients revealed a signifi- 
cant improvement in 77 patients (93%). Ad- 
vanced age alone is not a contraindication to 
surgery for coronary artery disease. 


Sn the widespread application of 
coronary artery bypass surgery, 
several reports have appeared de- 
scribing indications, contraindica- 
tions, morbidity, and mortality asso- 
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ciated with the procedure, patency 
rate of the grafts, and rate ef graft 
closure, as well as evaluatior of the 
left ventricular function before and 
after bypass surgery. Some have also 
cautioned about the widespr2ad use 
of this technique for any pati2nt suf- 
fering from coronary artery disease. 

Major surgical procedures are be- 
lieved to be more dangerous ir elderly 
patients, and since cardiopulmonary 
reserve tends to decrease progres- 
sively with age, it would be reason- 
able to assume that open-heart oper- 
ations in older patients m ght be 
associated with a prohibitive mortal- 
ity. However, this has not been the 
experience of surgeons reporting on 
cardiac operations in the older popu- 
lation. Several have concluded that 
advanced age should not be a deter- 
rent to the selection of surgical treat- 
ment for patients with heart disease, 
and that heart surgery may be per- 
formed in the elderly with mortality 
that compares favorably with that 
encountered in younger individuals 
with similar lesions.'-* Invariably the 
statistics show a progressive decline 
in mortality from surgery w th each 
subsequent year of experience. Some 
have speculated that the application 
of recent advances in coronary revas- 
cularization to patients requiring car- 
diac surgery for other lesions might 
be expected to reduce further the sur- 


gical risk in that group.’ As in other 
types of cardiac procedures we have 
found that myocardial revasculariza- 
tion alone or combined with other 
procedures when indicated can be car- 
ried out in older patients with a satis- 
factory morbidity and mortality. 

On reviewing our total experience 
with over 800 patients who under- 
went surgery for coronary artery dis- 
ease or its complications or both, we 
were able to gather over 100 patients 
in the age category of 65 years or 
older. This paper describes oar experi- 
ence with this operation in 100 con- 
secutive patients in that age distribu- 
tion. 


Methods 


Our surgical technique is as follows: car- 
diopulmonary bypass with the datient un- 
der normothermia with hemodiLition using 
5% dextrose in acetated Ringer’s as a prime 
solution and a disposable bubtle oxygen- 
ator. A single cannula is placed n the right 
atrium and the left ventricle is vented 
through the apex in all cases. Ischemic car- 
diac arrest by intermittent aertic cross- 
clamping allows a dry, immobile field for 
the distal anastomosis. A reverse saph- 
enous vein autograft is then insarted distal 
to the last area of disease in ane or more 
coronary arteries, using interrupted 6-0 or 
7-0 sutures. The proximal aortic anasto- 
mosis is accomplished betweer the saph- 
enous vein and the ascending zorta, using 
a continuous 6-0 suture. For this proximal 
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Table 1.—Distribution of Vein Bypass Grafts 


No. of Bypass 
Grafts Artery* 

1 RCA 
LAD 

2 RCA/LAD 
LAD/CIRC 
RCA/CIRC 
LAD/AD 

3 RCA/LAD/CIRC 
RCA/LAD/AD 

4 RCA/LAD/CIRC/AD 

Total 









No. of Total No. of No. of 
Patients Patients Grafts 
10 
11 21 21 
34 
10 
1 
4 49 98 
14 
3 17 51 
2 2 






* RCA indicats “ight coronary artery; LAD, left anterior descending coronary artery; CIRC, 
circumflex corenary artery; AD, anterior diagonal coronary artery. 





Compiication 
Arrhythmia, mild 
Arrhythmia,severe 
Low cardiacoutout 
Hemorrhage mcuiring reoperation 
Congestive neart failure 
Myocardial in-arction 
Cerebrovasul@ accident 
Gastrointestinal hemorrhage 









anastomosis, -hs aorta is only partially oc- 
Guded and separate aortotomies are used 
for each graf. Im a few instances multiple 
sequential anastomeses have been used, 
this techniqre requiring a single aortic 
anastomosis. The number of grafts placed 
is predicatec mo= only on the preoperative 
coronary amziogram but also, and even 
more impor-ant, on direct evaluation at 
surgery. We find that correlation between 
the angiographe findings and the patho- 
logic anatomy feund at the time of surgery 
is most often very accurate. Target vessels 
less than 1 mm -n internal diameter are be- 
lieved not suiteble for grafting. 

When a segmentectomy or aneurys- 
mectomy is indicated, it is performed be- 
fore the revaseularization. No plication of 
segments cr aneurysms is carried out. If a 
segment or aneurysm is to be excluded, we 
believe thet -he ventricle should be opened 
te assure Me removal of an adherent intra- 
luminal clet. The ventricular wall, resected 
to within 0.5 cm of normally contracting 
myocardium, :s brought together with fig- 
ure-of-eignt sutures of No. 2 silk. At the 
termination of the revascularization, flows 
are measured in each graft, using an 
electromagnetic flowmeter. 


Materials 


One hundred patients, aged 65 years and 
older, umderwent surgery for coronary ar- 
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° Table 2.—Postoperative Complications 


Central nemyous system aberration (confusion) 







No. of Early 
Patients Death 
27 
3 
6 
5 
2 
2 
2 
1 
4 





tery disease or its complications or both 
from June 1969 through December 1972. 
There were 82 men and 18 women with an 
average age of 67.8 years, including 22 pa- 
tients aged 70 or older. Of these patients, 
87% had a definite history of angina, 63% 
had documented myocardial infarcts, and 
15% had a history of congestive heart fail- 
ure. Ten had intractable angina at rest or 
accelerated angina. 

The 13 patients without angina had an 
antecedent history of myocardial infarc- 
tion alone, or myocardial infarction with 
congestive heart failure. Other preopera- 
tive symptoms included angina as the only 
symptom in 36 patients; angina and myo- 
cardial infarction in 38; angina, myocardial 
infarction, and congestive heart failure in 


four; angina and congestive heart failure 


in two; unstable angina in three; unstable 
angina and myocardial infarction in three; 
and unstable angina, myocardial infarc- 
tion, and congestive heart failure in one; 
myocardial infarction in four; and myocar- 
dial infarction and congestive heart failure 
in nine. 

Significant concurrent disease was pres- 
ent in these patients as follows: 14 were 
being treated for hypertension, 9 had con- 
current arteriosclerotic disease such as ab- 
dominal aortic aneurysm, carotid disease, 
and claudication with pulse deficit, and 5 
were diabetic. 

All patients underwent coronary cine- 


angiography, ventriculography, and left 
ventricular pressure measurements. Plan- 
ning the surgery was based on prior dem- 
onstration of major artery involvement, 
areas of stenosis or occlusion, adynamic 
(akinetic or hypokinetic) areas, collateral 
arterial supply, artery dominance, and dis- 
tal runoff. The suitability of a coronary 
vessel for grafting was most often accu- 
rately predicted by the cardiologist. As 
mentioned above, of equal or greater im- 
portance was assessment of the target ar- 
tery at operative exploration. 

Seventy-eight patients had bypass 
grafts only, eight had grafts with segmen- 
tectomies or aneurysmectomies, nine had 
aneurysmectomies, nine had aneurysmec- 
tomies alone, three had grafts with valve 
replacement, and one had an infarctec- 
tomy for recent myocardial infarction with 
rupture. 

A total of 178 bypass grafts were per- 
formed on 89 patients with the distribution 
and number of grafts as shown in Table 1. 


Results 


Complications.—Fifty-two patients 
experienced postoperative complica- 
tions (Table 2). The most frequently 
encountered complication was ar- 
rhythmia. However, if we exclude the 
minor arrhythmias such as atrial 
fibrillation and atrial flutter requir- 
ing only digitalis or quinidine or both 
for control, severe arrhythmias were 
encountered in only three patients. 
The severe arrhythmias included one 
patient with ventricular tachycardia 
and ventricular fibrillation requiring 
resuscitation, one with supraventricu- 
lar tachycardia and seizures, and a 
third with ventricular tachycardia 
followed by bradycardia requiring in- 
sertion of a pacemaker. All three sur- 
vived. Low cardiac output was a sig- 
nificant complication in six patients 
and accounted for two early deaths. 
One of these patients who died early 
had three grafts for severe triple-ves- 
sel disease and the other had a ven- 
tricular aneurysmectomy. Complica- 
tions encountered in other series,’ ie, 
renal failure, thrombophlebitis, pul- 
monary emboli, wound infection and/ 
or dehiscence, and severe respiratory 
insufficiency, were not encountered 
in this series. 

Mortality.—Of the 100 patients un- 
dergoing surgery for coronary artery 
disease, three died in the operating 
room and three additional deaths oc- 
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curred within the first 30 days. Four 
late deaths occurred for an overall 
mortality of 10%, The characteristics 
of all deaths are listed individually in 
Table 3. All but one of the patients 
who died intraoperatively or postop- 
eratively had either three signifi- 
cantly diseased coronary arteries or a 
ventricular aneurysm with two dis- 
eased coronary arteries. One had a 
fresh myocardial infarction with rup- 
tured ventricle and another had mi- 
tral insufficiency secondary to rup- 
tured chordae tendineae in addition to 
three diseased vessels. All late deaths 
also had either three significantly dis- 
eased coronary arteries or a ventricu- 
lar aneurysm. One exception, this pa- 
tient, had 100% occlusion of the right 
coronary artery and 90% stenosis of 
the left anterior descending, with 
a moderate dyskinetic segment and 
congestive heart failure. These char- 
acteristics reveal that all patients 
who died had severe end-stage coro- 
nary artery disease and would repre- 
sent a high risk even at a younger 
age.’ 

The mortality according to year of 
operation is seen in Table 4. This 
shows a progressive decrease in mor- 
tality with only 6.5% mortality in 46 
patients in 1972. Since Jan 17, 1972, 
- there has been a single death in 44 
patients for a mortality of 2.3%. This 
progressive decrease in mortality is 
also seen in our overall experience in 
over 800 operations for coronary ar- 
tery disease, with a current hospital 
mortality of 2.2%. 

Table 5 shows the type of operation 
performed and age groups with their 
relationship to mortality. There were 
only two early deaths out of 22 pa- 
tients 70 years of age and over. A 74- 
year-old woman died in the operating 
room of low output after three bypass 
grafts, and a 78-year-old man died at 
home, 22 days postoperatively from a 
cerebral hemorrhage secondary to an- 
ticoagulation. 

Restudy.—Twenty-one patients 
have been restudied with coronary 
cineangiography from three weeks to 
11 months postoperatively, with an 
average of 3.5 months. Thirty-six of 
the 42 grafts are patent for a patency 
rate of 86%. Angiography included 
left ventriculograms and, in each in- 
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Table 3.—Analysis of Ten Deaths 


Congestive 
Age, 3-Vessel Heart 
yr/sex Disease Failure 


68/M X X 
69/F X 
68/F X 
65/M Myocardial 


irfarction 


Ventricular 
Malfunction 


Time & Cause 
of Death 


8 mo—Arrhythmia 
ORT—LVF# 

6 days—LVF 
OR—LVF 


Operation 
LAD/RCA/CIRC* 
Aneurysmectomy 
Aneurysmectomy 
Infarctectomy 


wth ruptured 


ventricle 
68/F 
66/M X 
75/M X 
78/M 


RCA/LAD/CIRC 
RCA/AD 
RCA/LAD 


RCA, Mitral 
Prosthesis 


2 days—LVF 
9 weeks—LVF 
9 mo—CHF 


22 days— 
CVA at home 


RCA/LAD/CIRC OR—LVF 


74/F 
72/M 





Aneurysmectomy 8 mo—LVF 


* LAD indicates left anterior descencing coronary artery; RCA, right coronary artery CIRC, 


circumflex coronary artery. 
t OR indicates operating room. 
+ LVF signifies left ventricular failure. 


Table 4.—Early and Late Mortality by Year 


No. of 
Cases 


5 
13 
36 
46 

100 


No. of 
Deaths 


% Early 
Deaths 


°% Total 
Morta ity 


15.0 
6.0 
4.4 
6.0 


Table 5.—WMortality (Based on Tyne of Operation Performed and Age Group. 


Operation and 
Age Group 


CAG* only 


CAG and segmentectomy or 
aneurysmectomy 


Aneurysmectomy only 
CAG and valve prosthesis 
Infarctectomy 

Age 65 to 69 

Age 70 or over 


* CAG signifies coronary artery graft(s). 


stance, the cardiologist attempted te 
evaluate the status of the left ven- 
tricle. Six remained normal, six are 
unchanged but abnormal (akinetic or 
dyskinetic segments), four are im- 
proved, and one is worse. In four pa- 
tients no estimate of ventricular 
function was recorded. Improvement 
in ventricular function paralleled im- 
provement in the clinical status of the 
patient. The patient whose left ven- 
tricular function was worse actually 
has less angina but his left anterior 
descending graft is clotted, leaving a 
patent right coronary artery graft 


No. of 
Cases 


Early Late 
Deaths | Deaths 


Overall 
Mortality, 24 


4 (5.1%) 
2 (9.1%) 





only. His apical superior akinetic seg- 
ments increased from 3 to 5 cm. Each 
patient restudied has at least one 
functioning graft. 

Follow-Up.—Eighty-three patients 
were followed up from two months <o 
3% years, with an average follow-up 
of 11 months. The clinical status wes 
improved in 77 patients, unchanged 
in 4, and became worse in 2. Twenty 
patients had angina, but with one ex- 
ception this angina was of a milder or 
less frequent nature than preopera- 
tively. 

Four patients had congestive heart 
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€ gn the pes*qperative period. 
On reviewing the preoperative status 
of these four patients, only one had 
previous congestive neart failure. He 
had a targe left vent=icular aneurysm 
and 100% occlusiem ef the left ante- 
rior deseending cormaary artery. The 
other three patien- had significant 
disease in two or mpre vessels and all 
had dyskinetic segments. The left 
ventricular end d:astolic pressure was 
elevated preoperetiv=ly in all but one 
patient who had a dotted left ante- 
rior deseending cerenary artery graft 
but patent rigkt coronary artery 


raft m restudy. 
a To date there heve been only two 


postoperative myocardial infarctions. 
These occurred in the immediate 
postoperative pemiad (Table 2). In the 
long-term follow-us there have been 
no additional myocardial infarctions. 

Significant long-term noncardiac 
complications haye deen uncommon. 
Pulmonary embeli occurred in four 
patients, one of wham required infe- 
rior vena cava lzation. However, 
none resulted in death. 


Comment 


A ©mbinatior ef factors has re- 
sulted in an increas in life-span of 
the average American to over 70 
years. More patients in this elderly 
age group with surpically correctable 
coronary artery disease are coming to 
surgeens for treatment. For under- 
standable reasons, physicians in the 
past have been reluetant to perform 
heart surgery im alderly patients. 
Their increased incidence of other 
medical problems predisposes them to 
a higher mortality aad increased inci- 
dence of postoperat-ve complications 
from any surgery. We feel that el- 
derly patients wita significant coro- 
nary artery disease should not be de- 
nied surgery for thss disease on the 
basis of advanced age alone. Support- 
ing this is our low meidence of signif- 
icant complicatiens. and acceptable 
mortality. 

Through December 1972, a total of 
100 patients all ever 65 years of age 
with disabling comonary artery dis- 
ease underwent caronary artery by- 
pass procedures wita saphenous vein 
grafts from the ascending aorta to 
the distal coronary arteries or aneu- 
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rysmectomies or both. The operative 
mortality has been an acceptable 6%, 
and the late mortality an additional 
4%. All of the deaths were in patients 
with severe end-stage coronary ar- 
tery disease as manifested by triple 
vessel disease, angina at rest, conges- 
tive heart failure, ventricular aneu- 
rysm, valvular involvement and/or 
complicated myocardial infarction. 
This represents the highest risk 
group, no matter what age. 

There might be significance to the 
fact that there were no deaths in 
those who had coronary artery grafts 
plus segmentectomy or aneurysmec- 
tomy, while one third of those who 
had aneurysmectomy alone died. All 
three of the latter had 100% occlusion 
of the left anterior descending coro- 
nary artery, and one also had 100% oc- 
clusion of the right coronary artery. 
The survival rate might have been 
improved if bypass procedures were 
performed on all severely narrowed 
coronary arteries. This relationship 
was noted, with left main coronary ar- 
tery lesions receiving one graft (40% 
mortality) or two grafts (18% mortal- 
ity) to the left anterior descending 
and circumflex coronary arteries, re- 
spectively, by Oldham et al.* He also 
noted this same relationship between 
the extent of coronary artery involve- 
ment and the number of grafts in- 
serted. When all significantly dis- 
eased coronary arteries received 
grafts, their mortality was 8% but in- 
creased to 14% when all major coro- 
nary arteries with significant lesions 
were not grafted. Morris et al’ re- 
ported the same relationship of in- 
complete operations with their study 
of late deaths and in patients who 
had no functional improvement. 

Our improved survival rate in the 
last 44 patients may reflect the in- 
creased number of multiple grafts 
used in the latter part of our series 
and corresponds to the same relation- 
ship and decreased mortality in our 
overall experience. The aortocoronary 
artery bypass procedures performed 
are listed in Table 1. The right coro- 
nary artery was revascularized in 64 
patients, the left anterior descending 
in 78 patients, and the circumflex in 
27 patients. The relatively high num- 
ber of double grafts and almost as 


NC 


many triple grafts as single grafts 
indicate a concerted effort to bypass 
all severely narrowed major coronary 
arteries. The only reason not to per- 
form multiple grafts (besides single 
vessel involvement) would be ex- 
tremely diseased arteries with no dis- 
tal runoff. 

The total number of patients oper- 
ated on in 1969 and 1970 is small, but 
four of five operated on in 1969 are 
alive after three years and ten of 13 
operated on in 1970 are alive after 
two years, and their condition is sig- 
nificantly improved. 

The patency rate in those patients 
restudied was 86%. In the 21 patients 
restudied, 42 grafts were performed, 
36 were open grafts with six grafts 
occluded. This compares very favor- 
ably with our overall experience of 
205 cases restudied. Of these, 381 
grafts were performed, 311 were open 
grafts and 70 grafts occluded for a 
patency rate of 82%. Although the 
measurements used in our follow-up 
reveal improvement in the clinical 
status of the great majority of pa- 
tients, as yet the best objective 
means to assess postoperative im- 
provement in patients undergoing 
surgery for coronary artery disease 
remains undetermined. 
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Saphenous Vein Bypass 





as a Secondary Cardiac Procedure 


James R. Skow, MD; Joseph S. Carey, MD; William G. Plested III, MD; Donali G. Mulder, MD, Los Angeles ° 


Saphenous vein bypass grafts were per- 
formed in 14 patients as a secondary cardiac 
operation. An indirect myocardial revascular- 
ization had been the initial procedure in five 
cases, an aortic valve replacement by pros- 


thesis in three, and prior vein graft bypass in 


six. There were no hospital deaths, although 
one patient died during the 4- to 34-month 
follow-up period. While the condition of 11 
patients has improved, 2 failed to benefit 
from the operation, and 1 of them subse- 
quently underwent cardiac transplantation. 


Norte to coronary artery bypass 
with reversed segments of au- 


tologous saphenous vein has become 
the most widely accepted technique 
for the surgical treatment of coro- 
nary artery disease. Although the 
early success rate in carefully se- 
lected patients may approach 90%, 
approximately 20% of initially patent 
grafts may be occluded at one year.’ 
Recurrent or persistent symptoms 
may be related to inadequate initial 
myocardial revascularization, throm- 
bosis of one or more grafts, or pro- 
gression of the coronary atheroscle- 
rotic process. In addition, patients 
who have undergone other types of 
cardiac procedures may develop coro- 
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nary insufficiency and become candi- 
dates for vein bypass operations. 

The preoperative evaluaton and 
secondary operation itself present 
special problems in management and 
are the reason for reporting aur expe- 
rience with 14 such patients. 


Material and Results 


Between January 1970 and ¿uly 1972 
vein bypass for myocardial revasculariza- 
tion was performed on 14 patients who had 
previously undergone cardiac operations 
(Table 1). The previous procedure had been 
either (1) an indirect revascularization, ie, 
arterial implant, (2) an aortic valve re- 
placement, or (3) a saphenous veia bypass. 
In each instance the main indication for 
the secondary operation was angina. All 
patients have been followed up daring the 
4 to 34 months since their opera-ion, dur- 
ing which time there was one late death 
(Table 2). 

Vein Bypass After Indirect Revzsculariza- 
tion.—Five patients had undergone in- 
ternal mammary or gastroepiplde artery 


Table 1.—Previous Operations 











No. of 
Operations Patients 
Internal Mammary Implants* 3 


Single implant 2 
Double implant 1 
Gastroepiploic artery implant* 2 


Aortic valve replacement 3 
Saphenous vein bypass graft 6 
Single 3 
Double 3 


Total 


* Coronary endarterectomy was done also 
in one patient with an internal mammary im- 
plant and in one patient with a gast oepiploic - 
implant. 


implants 23 to 46 months previcusly. Coro- 
nary endarterectomy had been performed 
also in two of these cases. Follew-up clini- 
cal assessment, including stress testing 
and arteriography, suggested that the re- 
current angina was due both to inadequacy 
of the initial operation as well as progres- 
sion of the disease. In one patiant, the in- 
ternal mammary implant into tre left ven- 
tricle was functioning at the time of the 
second operation three years leter. In the 
other four patients the implants were 
found to be occluded. A double rein bypass 
was done in three patients ard a single 
graft in the remaining two cases. 

In this group there was one late death 
and one patient has persistent severe an- 
gina. Two patients have mild angina re- 
quiring from one to five nitroglycerin tab- 
lets per day and one patient has occasional 
angina not requiring nitroglycerin. 

Vein Bypass After Aortic Valve Replace- 
ment.—Three patients had undergone prior 
aortic valve replacement five menths to six 
years previously. When restudied subse- 
quently, because of recurrent angina, two 
were found to have severe sterosis of the 
proximal left main coronary artery not 
present previously. In each instance con- 
tinuous coronary artery perfusion had 
been used. It seems probable that the per- 
fusion cannula may have in some way in- 
jured this vessel and caused tie stenosis 
(Fig 1). In each case an excellent clinical 
result followed the restoration cf adequate 
flow to the left anterior descending coro- 
nary artery (LAD) with use of a saphenous 
vein bypass graft, with concomitant repair 
of an associated perivalvular kak in one 
case. The condition of the remaining pa- 
tient who had undergone aortic valve re- 
placement previously failed to improve fol- 
lowing saphenous vein bypass and left 
ventricular aneurysmectomy. He subse- 
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< 


Previous 


Operation 


L gastroepiploic 
implant (2/16/68) 


Patient 
1,50/M 


2°45/M 
-~ internal mammary 
mplant (3/8/67) 
3,57 /M 
L gastroepiploic 
mplant (8/16/66) 


4,53 
ù mplants (7/67) 


Iaternal mammary 
mplant (10/68) 


5,51 /M 


Sterr-Edwards 
aortic valve 
7/25/69) 
aortic valvulo- 

slasty (1962), 
sall-valve 

sortic prosthesis 
6/17/64) 

Sterr-Edwards 
aortic prosthesis 
1/71) 

Sehenous vein 
sypass, LAD,t LCM 
1/13/71) 

S »henous vein 
sypass, RCA* 
3/20/70) 


6,42/M 


7,35/M 


8745/M 


9751/M 


10,°45/M 


11,°55/M SS shenous vein 
sypass, LADT 
2/3/71) 

12°59 /M S »henous vein 
sypass, LADT 
"90 ml/min) 
-CM$ (90 ml/min) 
4/19/72) 

S| shenous vein 
sypass, LCM and 


13 ’52/M 


L.cronary endarterectomy, 


R coronary endarterectomy, 


Bl eteral internal mammary 


Table 2.—Summary of Clinical Data 


Indication for 
Reoperation 


Persistent angina 


Persistent severe 
angina 


Persistent severe 
angina 


Persistent angina 


Persistent angina 


Severe angina (70% 
L main stenosis) 
perivalvular All| 


Angina, L ventricle 
aneurysm LADt 
stenosis 


Angina, 
L main stenosis 


Recurrent angina, 


stenosis midportion, 


LAD? graft 


Recurrent angina, 
R graft open, 
L main stenosis 


Angina 3 mo 
postoperatively, 
LADt graft open, 


severe LCM§ stenosis 


Severe acute angina, 
graft stenosis in 
mid LCM§ and 
distal LADt 


Recurrent angina, 
both grafts closed 


Vessels Bypassed 
Flows (If Recorded) 
RCA* (45 ml/min) 
(1/7/70) 


LADTt (47 ml/min) 
(5/21/70) 


LADĦ (150 ml/min), 
RCA* (25 ml/min) 
(6/5/70) 
aortic valve replaced 
(3/16/72)% 

LAD,t RCA* 
(5/12/71) 


LAD,+ LCM§ 
(12/8/71) 


LAD,? repair peri- 
valvular leak 
(7/23/70) 

LAD,t L ventricle 
aneurysmectomy 
(9/25/70), 
cardiac transplant 
(3/22/71) 

LADt (270 ml/min) 
(5/27/71) 


Repeat LADT 
(10/20/71) 


LADT (60 ml/min), 
recheck RCA* flow 
(90 ml/min) 
(12/20/71) 

LCM§ (130 ml/min) 
(1/29/72) 


Vein patch LCM,§ 
thrombectomy LADT 
(5/8/72) 


Repeat RCA* with distal 
endarterectomy 


wW 


Result and 
Comment 


Persistent angina, 
arteriogram shows 
disease distal 
to patent graft 

Mild angina, 

1 to 2 nitroglycerin 
tablets /day 


Occasional angina 
at present 


Angina 1 to 5 
nitroglycerin 
tablets /day 

Died 2/13/72, 
sudden arrhythmia, 
no autopsy 


Asymptomatic 


Improved 


Much improved, 
occasional mild 
angina 

Improved 


Asymptomatic, 
returned to work 


Much improved 


Intraoperative 
myocardial infarction, 
postoperative 
hepatitis, 
improved 

Asymptomatic 


RCA* (12/16/70) (5/23/72) 
14°54 /F Sawhenous vein Recurrent angina, Repeated LADT Asymptomatic 


>ypass, LADİ 
175 ml/min) 
(5/31/72) 


* REA = right comray artery. 


$ LCM = left craum#flex marginal coronary artery. 


quertly require] sarGiac transplantation 
at the Stanford Medis] Center because of 
end-stage left vertrievlar dysfunction and 
is new surviving 22 months later. 

Vein Bypass Aiter Brevious Vein Bypass.— 
Six patients deweinped angina after saph- 
enous vein bypass Ir ane of these patients 
both € LAD ard a rmht coronary saph- 
enous vein bypass graft were occluded. 
This patient wes -reated with a gas en- 
dartersctomy amd 2 neseated bypass graft 
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t LAD= 
ł Acrtic valve ©»aced 21 months postoperativel 


stenosis in distal 
anastomosis 


(10 ml/min) 
LCM|| (160 ml/min) 
(8/14/72) 


left anterior descending coronary artery. 
y for syncope and recurrent angina. Grafts open, 


|| Al = aortic insufficiency. 


to the right coronary artery. He is now 
asymptomatic. Four patients were found 
to have severe distal anastomotic stenoses 
of previous saphenous vein bypass grafts. 
Revascularization of the LAD, either by 
revision of the previous graft or by a sup- 
plemental graft, was performed in four 
patients, while in three patients the left 
circumflex marginal was bypassed as was 
the right coronary in one instance. One pa- 
tient in this group is of particular interest. 


He developed a stenosis in the midportion 
of the saphenous vein bypass to the left 
circumflex coronary artery. Flow in this 
graft at the initial operation was 90 
ml/min. However, the vein graft was felt 
to be kinked and redundant, so a small seg- 
ment was resected from its midportion and 
an end-to-end vein anastomosis was per- 
formed. Stenosis later occurred at this 
point (Fig 2). A unique problem was seen 
in the same case at the distal anastomosis 
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Fig 1.—Severe stenosis in proximal left 
main coronary artery (arrow). 





Fig 2.—Severe stenosis in vein graft at 
site of previous vein-to-vein anastomosis 
(arrow). 





Fig 3.—Thrombus that formed at vein-to- 
LAD anastomosis (arrow). 


of the vein graft to the LAD. Significant 
obstruction at this location was found to be 
due to a thrombus formation (Fig 3). The 
appropriately reversed vein graft had been 
inserted such that a venous valve was pres- 
ent exactly at the suture line. A portion of 
the valve leaflet had prolapsed into the 
anastomotic lumen, promoting the throm- 
bosis. Repair was carried out by excising 
the obstructing valve tissue and per- 


36 Arch Surg/Vol 107, July 1978 


forming a vein patch angioplasty. In this 
group all four are now free of angina, al- 
though one sustained an anterose>tal myo- 
cardial infarction postoperatively. 


Technical Consideratiors 
and Comment 


In any patient who has undergone 
a previous median sternotomy, it has 
been our practice to expose the groin 
vessels so that they may be cannu- 
lated quickly for partial bypass 
should major hemorrhage occar while 
reopening the chest. Special care 
must be taken to avoid injury to pre- 
viously placed vein grafts, especially 
when the pericardium has not been 
closed. Transection of vein grafts 
during sternotomy with catastrophic 
results have been reported.’ 

Although a left ventricular vent 
has been used in most cases at the 
time of the initial operation, t is not 
invariably necessary during zhe sec- 
ondary procedure. In fact, if vein by- 
pass of the posterior left ventricle 
was involved in the first procedure 
and the graft is functioning, it is 
preferable not to completely mobilize 
the heart. The use of intermittent 
aortic ocelusion with provision of op- 
timal venous drainage will prevent 
overdistention of the heart, while at- 
tention is directed to performing the 
necessary additional revasculariza- 
tion maneuvers. 

Coronary arteries may be injured 
during the course of other cardiac op- 
erations. If angina occurs fcllowing 
aortic valve replacement, a left main 
coronary artery lesion should be sus- 
pected. A satisfactory result may be 
attained by a saphenous vein bypass 
graft to the LAD. 

In some instances, when Peopera- 
tion is being performed because of 
stenosis at the vein-coronary anasto- 
mosis, the inflammatory reaction and 
scarring can be marked. Others have 
noted that the artery is usually pat- 
ent and that anastomosis to a distal 
stump of vein graft is feasible It has 
been our feeling, however, thet a bet- 
ter result will often be achieved if a 
new vein graft is anastomosed to a 
more distal point on the coronary ar- 
tery rather than attempting to revise 
the previous conduit. 

The use of a vein graft of mappro- 


priate length may cause EEA A 
late complications. Excessive length 
leads to angulation and kinking, 
while a graft that is taut tends to 
tent up the distal anastomotic area. A 
more accurate determination of the 
desired vein length may be made if 
the distal anastomosis is performed 
first. Excision of a small Dutton of 
aorta (cervical biopsy punch) has fa- 
cilitated the proximal anastomosis, 
and provided a more optimal take-off 
of the graft with minimal hazard of 
torsion or angulation. 

Care must be taken to void per- 
forming an anastomosis at th® level 
of a venous valve. Immediate compro- 
mise of the orifice is certair if a por- 
tion of valve cusp is included in the 
suture line. Prolapse of contiguous 
valve tissue into the anastomotic 
channel enhances the possibility of 
late stenosis or thrombosis. Careful 
inspection of the transected end of 
the vein with excision of any valve 
remnant or selection of a different 
level for anastomosis will pr2vent this 
complication. 

The best indicator of a successful 
bypass is the flow through the graft 
measured at the time of opezation.° If 
it is less than 40 ml/min it may be 
due to a significant underestimated 
“down-stream” lesion. However, the 
cause is more likely to be a technical 
anastomotic error or malpesition of 
the graft. In such circumstances a 
small venotomy has been made 
through which the adequaey of the 
conduit can be determined by coro- 
nary artery dilators or protes. 
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esions of the GI tract. Often 
asymptomatic. Often an 
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and/or development of more 
yolyps. It has a much- 
jJebated relationship to 
solonic cancer. Some think 
t actually degenerates into a 
arcinoma. Some think not. 
Nhen polyps are present in 
he distal colon, the best way 
0 find them is through con- 
*entional sigmoidoscopic 
»xamination. And, be they 
venign or malignant, the best 
herapy is removal. 
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The Ileocecal Syndrome 
in Acute Childhood Leukemia 


Neil J. Sherman, MD, Morton M. Woolley, MD, Los Angeles 


Improved survival rates in acute childhood 
leukemia have been associated with an in- 
creasing number of complications in the 
ileocecal region. An experience is reported 
with 11 children who developed inflamma- 
tion, perforation, and/or necrosis of the 
ileum, appendix, and/or cecum (leukemic 
ileocecal syndrome). The clinicopathologic 
correlation, roentgenographic findings, and 
results of treatment are presented. Once the 
ileocecal complication developed, the prog- 
nosis was grave. Surgical intervention was 
not helpful, regardless of whether the bone 
marrow was in remission or relapse. The im- 
portance of recognizing this entity is empha- 
sized because of its clinical similarity to 
acute appendicitis. 


Ithough acute leukemia is the 
most common malignant dis- 
ease in childhood, accounting for one 
half of cancer deaths, surgical in- 
volvement has been limited almost 
exclusively to diagnostic biopsies, 
drainage of abscesses, and other mi- 
nor procedures. During the past ten 
years, advances in chemotherapy 
have resulted in remission rates in 
acute lymphocytic leukemia ap- 
proaching 90%, and five-year surviv- 
als of 23%.' As a consequence of this, 
unusual secondary complications of 
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the disease and its treatment have 
begun to appear. Of 20 children with 
abdominal complications recently de- 
scribed,? 11 developed inflammation, 
perforation, and/or necrosis of the 
terminal ileum, appendix, and/or ce- 
cum. These complications have been 
termed the “leukemic ileocecal syn- 
drome,”* and are important because 
of the clinical similarity to acute ap- 
pendicitis. Most doctors, especially 
surgeons, have a preconceived differ- 
ential diagnosis when seeing patients 
with symptoms in the lower part of 
the abdomen on the right; however, 
when acute leukemia is also present, 
the management and eventual out- 
come of the condition of these pa- 
tients is significantly altered. Our 
experience with 11 children who de- 
veloped the leukemic ileocecal syn- 
drome forms the basis for this report. 


Clinical Population 


The clinical records of all patients ad- 
mitted to the Children’s Hospital of Los 
Angeles with acute leukemia in the past 
ten years were reviewed, and in 11 chil- 
dren, autopsy or surgical findings were 
compatible with the ileocecal syndrome. 
Patients with right lower abdominal path- 
ologic findings unrelated to their clinical 
courses were excluded. There were eight 
boys and three girls, ranging in age at the 
time of diagnosis of leukemia from 1 
month to 9 years and averaging 4% years. 
There were six children with acute lym- 
phocytic leukemia, three with acute myelog- 
enous leukemia, and one each with con- 
genital lymphocytic leukemia and acute 
erythroleukemia (Table 1). The chemother- 
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Table 1.—Clinical Data of 11 Ctildren* h 


Complication 


Duration 


Compii- 
cation 
Unti 
Death, 
Days 


Diag- 
nosis to 
Compli- 
cation, 
Surgery mo 


Perforated appendix, re 5 21 REL 


necrotic cecum 


Gangrenous 
appendix 


Perforated appendix 


with ileal 
fistula 


Gangrenous 
appendix 


Ruptured 
appendix 


Cecitis 
peritonitis 


AML Cecitis 


AL, Cecitis 
undiff 


Cecitis with 


Appendectomy 


Bonet 
Marrow 


Leukemic Infiltrates 


Organ Other 
Involved Sites 


Yes Yes 


Comments 


Diagnosed as 
ileus secondary 
to sepsis, 
normal BE 

Died shortly 
after admission 
from pneumonia 
and sepsis 

Moribund on 
admission 
from sepsi® 

Pseudomomas 
sepsis, Ciagnosis 
not suspected 

Diagnosed, 
treated 
medically 

RLQ mass 
diagnosed as 
hematoma; died 
from sepsis 

Yes Normal 

appendix 

Yes Septic, too 

sick 


Yes Septic, not 


internal fistula 


ALL Cecitis with 
perforation 


ALL RLQ pain 


lleostomy, 
colostomy 


Appendectomy 


diagnosed 


No Developed 
remissicn 
after com- 
plication 

No Normal 
appendix 





* ALL signifies acute lymphocytic leukemia; AMML, acute myelo-monocytic leukemia; AML, acute myelogenous leukemia; AL, undiff, acute leu- 
kemia (undifferentiated); REL, relapse; REM, remission; BE, barium enema; CLL, congenital lymphocytic leukemia; AEL, acute erythrcleukemia. 


t At time of complication. 


apeutic agents used most frequently were 
mercaptopurine (Purinethol) and predni- 
sone, followed in order by methotrexate, 
cyclophosphamide (Cytoxan), vincristine 
sulfate (Oncovin), cytarabine (Cytosar), 
and daunorubicin. Nine-ethyl-6-mercap- 
topurine (NSC-14575), guanazole (NSC- 
1895), dactinomycin (Cosmegen), and 
mechlorethamine (Mustargen) hydrochlo- 
ride were each used on one occasion. 

The most frequent presenting symptoms 
were abdominal pain in six children, fever 
in four, distention in three, diarrhea in 
three, vomiting in two, and right lower 
quadrant mass, sepsis, and hematemesis in 
one each, respectively. Five children each 
had appendicitis and cecitis, and one had 
an “acute abdomen” for which no cause 
could be found even at surgery. The aver- 
age time from initial diagnosis of leukemia 
until the complication appeared was 8.8 
months, and from the complication until 
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t Never had remission. 


death was 1.5 months. The clinieal diag- 
nosis was incorrect in six patients, sus- 
pected in three, and made in only two chil- 
dren. Six of the patients were in bone 
marrow relapse (bone marrow aspirate 
containing blasts), three were in partial re- 
mission (peripheral granulocytopenia, but 
bone marrow without blasts), and two in 
bone marrow remission (normal bone mar- 
row and peripheral granulocytes) 

Five operations were performed on 
three patients and included twe explor- 
atory laparotomies and appendectomies, 
and one each of the following: right colec- 
tomy (Mikulicz reaction), secondary wound 
closure, and ileostomy revision. Taree chil- 
dren were moribund when first seen and 
died shortly after admission. Three chil- 
dren had no leukemia infiltrate at post- 
mortem examination, and in two others 
there was no leukemia in the organ system 
in which the complication occurred, al- 


though infiltrates were present elsewhere. 

Acute Appendicitis.—These five children 
did not have the usual signs and symptoms 
associated with acute suppucative ap- 
pendicitis. Symptoms had been dresent for 
at least two days and included diarrhea, 
cramps, anorexia, fever, and lethargy. 
Physical examination showed distention, 
marked tenderness in the righ: lower ab- 
dominal quadrant, and often, generalized 
peritonitis. White blood cell counts re- 
flected the bone marrow status rather than 
a response to an inflammatory process, and 
were of no clinical value. Two patients had 
a leukemic infiltrate of the appendix and a 
local inflammatory reaction in the peri- 
appendiceal area. In two others, the appen- 
dix was frankly gangrenous, and in one in- 
stance was associated with a zeneralized 
peritonitis. In one child the appendix had 
perforated into the distal ileum, resulting 
in an abscess containing an appendiceal- 
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Irregularity o" cecum and ascending colon 
are typical of leubemic cecitis. 


ileal istula. All of these children died from 
SepsB. 

Cecitis.—-The swmptoms were similar to 
those described a »ove, but watery diarrhea 
and cramps were much more prominent 
symptems and abdominal distention was 
more marked. When x-ray contrast studies 
were done, the classical findings of cecitis* 
were seen as shewn in the Figure. The 
early features included a relative lack of 
bowed gas in the ~ight lower quadrant and 
minimal disteatimn of the distal small 
bowed. As the emteropathy progresses, a 
right lower quadrant soft tissue mass may 
become apparent,and the small bowel pat- 
tern is indistimgtishable from mechanical 
intestinal obstruction. Pneumoperitoneum 
is now uneommen. On barium enema exam- 
ination, the ceeum shows severe mucosal 
irregularity, rigdity, less of haustral 
markings, and occasionally fistulation. 
Five children hae cecitis, and in two the 
disease was ačvanced enough to produce 
sepsis (Pseudomonas aeruginosa). A third 
underwent laparetomy and removal of a 
normal appendzx, and this patient died two 
months later in zelapse. In two patients, 
the cecum perforated; one fistulated into 
the s.gmeid colon and the other was a free 
intraperitoneal perforation. This latter pa- 
tient underwent Mikulicz resection of the 
right colen, and postoperatively required 
secondary closure of a wound dehiscence 
anc revision of a neerotic ileostomy. This 
/ patient died due to sepsis after a pro- 
longed hospital ccurse. 

Negative Laparmmtomy.—This child pre- 
sented with a 24-hour-history of localized 
right lower quadrant pain. Because of 
moderate abdomma! distention, paracen- 
tesis was performed and Gram-negative 
bacteria were obtained. At subsequent lap- 
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Zuelzer and Flatz® 








Prolla and Kissner’ 





Appendicitis 


Amromin and Solomon® Appendicitis 


Appendicitis 











Johnson and Borella” Appendicitis 
Byron (oral communi- Cecitis 
cation, July 1972) Cecitis 
Appendicitis 
Sherman et al? Cecitis 


arotomy no cause for this clinical picture 
was found, and the postoperative course 
was uneventful. The patient was read- 
mitted six months later, in remission, for 
intestinal obstruction and died while being 
prepared for surgical exploration. 


Comment 


Leukemic infiltrates occur in the 
gastrointestinal tract in 18% to 25% 
of patients at postmortem examina- 
tion.» Amromin and Solomon have 
used the term “necrotizing enter- 
opathy’’ to describe the clinical path- 
ological correlation seen in gastroin- 
testinal leukemic infiltrates and these 
are as follows: (1) shock, either bacte- 
rial or hemorrhagic, with mucosal ne- 
crosis and secondary bacterial inva- 
sion, possibly related to diminished 
blood supply, (2) rapid necrosis of 
areas that are rich in lymphoid tissue, 
(3) intramural hemorrhage with ne- 
crosis of overlying tissue, and (4) di- 
rect trauma to the infiltrated esoph- 
agus or rectum. It is in category 2 in 
which most of the surgical complica- 
tions occur, presumably because of 
the prevalence of acute lymphocytic 
leukemia, the frequency of steroid us- 
age, the presence of areas that are 
rich in lymphoid tissue, and other un- 
known factors. When antineoplastic 
drugs produce rapid disappearance of 
a leukemic infiltrate in the intestinal 
wall, the architectural stroma or in- 
trinsic blood supply or both may be 
lost and inflammation, perforation, 


Table 2.—Survival Following Surgery for Ileocecal Complications 


Complication 


Ileal perforation 





Cecitis / perforation 
Abdominal pain, 
cause unknown 





Surgery Survival 






Small bowel resection 9 mo 






Appendectomy 2 days 
Appendectomy 1 day 
Appendectomy 13 days 















Appendectomy 5 weeks 
Right hemicolectomy 12 days 
Right hemicolectomy 5 mo 
Appendectomy ? 
Laparotomy, 

appendectomy 
Right hemicolectomy 40 days 
Appendectomy 74% mo 






obstruction, or hemorrhage can be the 
consequence. In these instances, sur- 
gical intervention might be of value, 
providing the hematologic picture 
and the extent of the disease are com- 
patible with resectional therapy. 

We could not correlate the ileocecal 
complications with any specific drug 
or combination of drugs. The compli- 
cations occurred in patients both in 
remission and in relapse. Until re- 
cently, it was thought that patients in 
hematologic remission would not de- 
velop extramedullary infiltration, ex- 
cept in the central nervous system 
and the testes. Our experience, and 
that of others,’ is that when extra- 
medullary infiltrates become mani- 
fest during hematologic remission, 
they are very difficult to recognize 
and treat. It is now apparent that the 
usual surgical approach to an acute 
process in the right lower part of the 
abdomen will not suffice for these 
leukemic complications. This series, 
including those reported in the lit- 
erature****° and in an oral com- 
munication from J. L. Byron, MD, 
July 1972, did not result in any long- 
term (six-month) survivors following 
the surgical treatment of these ileoce- 
cal complications (Table 2). Of the 
three patients who underwent sur- 
gery, one died in the postoperative 
period from sepsis, and two had an 
operation that did not affect their pri- 
mary pathological condition. 

Five children had ileocecal lesions 
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theoretically amenable to surgery, 
but were not operated upon for dif- 
ferent reasons. In two the diagnosis 


- was not suspected, although both pa- 


tients were in relapse. Two others 
had a mass in the right lower quad- 
rant and, though they were treated 
with massive antibiotic therapy, died 
from sepsis. One was in partial remis- 
sion and the other was in relapse. A 
fifth patient had a normal barium 
enema examination in spite of a ne- 
erotic cecum and also died from sep- 
sis. The last three patients were ad- 
mitted in septic shock and died 
shortly after admission. These pa- 
tients were moribund and died prior 
to any significant resuscitative mea- 
sures or investigative studies. One of 
these was in partial remission. 


Conclusions 


When a surgeon sees a patient with 
fever, anorexia, and abdominal pain, 
he is conditioned by training and ex- 
perience to think of acute appendi- 
citis, regional enteritis, mesenteric 
adenitis, etc. If an associated sys- 
temic disease is present, the surgeon 
must determine clinically whether or 
not the “acute abdomen” is related to 
the primary disease process. Most 
surgeons (ourselves included) have 
felt that it was better to err on the 
side of operating rather than overlook 
a correctable surgical lesion. Neither 


















7:64-82, 1923. 
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in the Archives of Surgery 


the literature nor our experience jus- 
tifies this concept in patients with 
leukemia at the present time. 

The management of a child with 
the leukemia ileocecal syndrom: is de- 
pendent upon the hematologic status 
and the clinical and roentgenographic 
assessment of the intra-abd>minal 
pathological findings. If the bone 
marrow shows the picture of relapse, 
the gastrointestinal manifestation 
has been a terminal complica*ion in 
all reported cases, whether or not sur- 
gery has been performed. The patient 
with a bone marrow in remission or 
partial remission should, in addition 
to supportive care, have abdominal x- 
ray films and, if these are no- diag- 
nostic, a barium enema examination. 
If cecitis is found, the s.irgeon 
should refrain from operatirg, be- 
cause standard procedures, including 
appendectomy, ileostomy, or right 
hemicolectomy, have not improved 
survival. If a free perforation occurs, 
the outlook is grave. This has been 
uniformly fatal in all publisked re- 
ports. Although most of these pa- 
tients did undergo surgery when the 
perforation was diagnosed, the possi- 
bility always exists that a child with 
leukemia in remission might cevelop 
acute suppurative appendicits. Un- 
questionably, every patient must be 
individualized, and if a child develops 
a clinical picture of peritonitis and no 





The Physiology of an Arteriovenous Fistula” 


Conclusions 


‘1. Proximal dilatation of the artery is explicable on purely physiologic grounds. It is 
dependent primarily on an increase in the total volume of circulating blood and more 
particularly on an increase of blood flowing through the system of heart, artery, fistula 
and vein, an increase in volume which is one of the compensatory changes necessary to 
rectify the fall in blood pressure incident to the greatly decreased peripheral resistance 
in the presence of a fistula.” 

“2, Cardiac hypertrophy and dilatation are also explicable on purely physiologic 
grounds, hypertrophy being a response to the increased work necessary in handling the 
increase in volume of blood flowing through the heart per unit of time; and dilatation 
being the result of a general dilatation of the system, heart, artery, fistula and vein 
produced by the increased volume of blood flowing through it.” 

*Holman E: Read before a meeting of the Johns Hopkins Hospital Medical Society, Nov 20, 1922; Arch Surg 


roentgenographic evidence of the 
ileocecal syndrome, laparotomy may 
be indicated. In this instance the pa- 
tient, the family, and the surgeon 
would all have full knowlecge that 
necrotizing enteropathy in the ileoce- 
cal region might be causing the symp- 
toms, and not be amenable to surgical 
treatment. 
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Palliative Treatment of Mammary Cancer 


Response of Soft Tissue, Pleural and Pulmonary Disease 
David B. Sie~ers, ML, Arthur J. Donovan, MD, Los Angeles 


wr 





Secuential palliative therapy has been em- 
ployed during 333 cousses of therapy for pri- 
mary inoperable. recrudescent chest wall, re- 
gioma’ nodal, and pleural and pulmonary 
manifestations ef mammary cancer. Objec- 
tive ægressian occursed following institu- 
tion cf 28% cf the courses and stability of 
previeusly progressivesdisease during an ad- 
ditional 19%. 

A fayprable therapertic response (regres- 
sior- er stability) cccusred in 42% of estro- 
gen-rich patients follewing oophorectomy. 
Adreralectomw was followed by a favorable 
response in 66%.o~ patients with prior favor- 
able response to oepherectomy. A 57% rate 
of favorable resporse eccurred with estroge- 
nic steroid acm nistrasion to estrogen-poor 
patients. The rate of =avorable response to 
single-agent ehemotherapy was disappoint- 
ing. Fifty percent cf patients who responded 
favorably at some time survived for over 18 
montas; only 5% ef patients who never re- 
sponced faverabiv servived for over 18 
montas. 


f women wao develop mammary 
cancer over oae half will require 
palliative therapy. This group in- 
cludes women whese disease is not 
amenable te “curat ve therapy” when 
initially diaznosed and those who ex- 
perience a vecradescence of the dis- 
ease at a vatiabee period of time after 
an astempt at ‘ curative” therapy. 
This repart presents the results of 
sequential pallatwe therapy in a 
greun of womea with selected types 
of mammary cancer. Included are pa- 
tients whose disease was primarily 
inoperable, these with recrudescent 
disease on the chest wall following 
extimpative surzerv, those with in- 
volvement f regienal lymph nodes 
not eonsideved amenable to extirpa- 
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tive surgery, and those with involve- 
ment of pleura or lung. Regional 
lymph nodes are defined as ipsilateral 
or contralateral axillary or supra- 
clavicular nodes. 


Methods 


Patient Selection.—The records of the 
Special Tumor Clinic at the Los Angeles 
County-University of Southern California 
Medical Center were reviewed to identify 
patients receiving palliative treatment of 
mammary cancer for disease that was pri- 
marily inoperable, recrudescent on the 
chest wall, or involving regional lymph 
nodes, lung, or pleura. The results of treat- 
ment were evaluated. Therapeutic re- 
sponse of concomitant osseous disease or 
other metastatic disease was not consid- 
ered. Results of therapy administered ei- 
ther prior to the registration of the patient 
in the clinic or after the patient left the su- 
pervision of the clinic and the senior au- 
thor (A.J.D.) were excluded from consid- 
eration. The resulting group consisted of 
195 women who had undergone 333 individ- 
ual courses of therapy. The age distribu- 
tion of the 195 patients is depicted by dec- 
ade in Fig 1. The majority of the patients 
were more than 50 years old. 

Therapeutic Protocols.—PATIENT EVAL- 
UATION.—Patients accepted for therapy 
were evaluated with respect to estrogen 
status and location of disease. They were 
arbitrarily classified as estrogen-rich or 
estrogen-poor. Estrogen-rich patients con- 
sisted of those who were (a) menstruating, 
(b) within five years of a natural men- 
opause, or (c) 50 years of age or younger 
following surgical or radiation oophorec- 
tomy for treatment of other than mam- 
mary cancer. Patients classified as estro- 
gen-poor were more than five years past 
natural menopause or over age 50, follow- 
ing prior ovarian ablation for other than 
the treatment of mammary cancer. Of the 
156 estrogen-rich patients at the beginning 
of sequential palliative therapy, 49 were 
menstruating, 39 were less than five years 
postmenopause, and 68 were under age 50 
and had had oophorectomy. There were 177 
estrogen-poor patients who underwent 
therapy. 

The state and locations of disease at the 
beginning of therapy were as follows: pri- 
mary unoperable, 81; chest wall recrudes- 
cence, 147; regional nodes only, 42; chest 


wall and regional nodes, 51; and pleural or 
pulmonary or both, 92. In some cases, mul- 
tiple sites existed. 

Therapy.—The principle of sequential 
therapy was employed. One form of ther- 
apy was employed at a time. Patients in 
whom more than one form of therapy was 
employed simultaneously have been ex- 
cluded from this study. 

The principles employed in therapy have 
included the following: (1) radiation ther- 
apy for localized disease, (2) bilateral 
oophorectomy as the initial systemic ther- 
apy in the estrogen-rich patient, (3) bilat- 
eral adrenalectomy in patients with prior 
favorable therapeutic response to oopho- 
rectomy, (4) androgens for occasional pa- 
tients who have failed to respond to endo- 
crine ablation, (5) estrogenic steroids in 
estrogen-poor patients for initial systemic 
therapy; in the absence of demonstrable 
osseous metastasis, estrogens have been 
administered intramuscularly in the form 
of estradiol valerate, 20 mg once a week; 
intramuscularly given, and long-acting es- 
trogens have been avoided in initiation of 
therapy with estrogenic steroids in pa- 
tients with osseous metastasis, because of 
the risk of development of dangerous hy- 
percalcemia. 

Estrogen Withdrawal.—When a patient 
first experienced a favorable therapeutic 
response to estrogenic steroids, and then 
later experienced progression of disease, 
the therapy with estrogen was discontin- 
ued. Unless disease was progressing rap- 
idly, further therapy was withheld until it 
was determined whether a favorable re- 
sponse occurred following withdrawal of 
estrogens. 

Chemotherapy.—Chemotherapy gener- 
ally was employed in patients who were 
failures with either additive or ablative 
sex hormone therapy. Fluorouracil was the 
initial agent employed. It was adminis- 
tered by one of two regimens: (a) fluo- 
rouracil by intravenous push in a dose of 12 
mg/kg of body weight for four consecutive 
daily doses followed by weekly therapy 
with 500 mg administered by intravenous 
push, or (b) weekly therapy, without prior 
loading, in a dose of 15 mg/kg of body 
weight by intravenous push. The later 
regimen was well tolerated by patients 
who had undergone prior adrenalectomy 
and were receiving maintenance therapy 
with adrenocortical steroids.” The dose of 
fluorouracil was decreased if the white 
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e Androgens 


Table 1.—Therapy Employed 


No. of Courses 


Radiation therapy 
Oophorectomy 
Adrenalectomy 


Androgenic steroids 
Estrogenic steroids 
Fluorouracil 
Cyclophosphamide 
Adrenocortical steroids 
Estrogen withdrawal 
Total 


blood cell count fell below 3,500 cells/per 


= cubic centimeter or with evidence of der- 


mal or gastrointestinal toxic effects. (c) Cy- 
clophosphamide was employed in patients 
who were failures with fluorouracil ther- 
apy. This drug was administered without a 
loading dose and in an alternating daily 
dose of 100 and 150 mg. Dosage was de- 
creased if toxic reactions developed, utiliz- 
ing the same criteria as above for fluo- 
rouracil. 

Adrenocortical Steroids.—Adrenocorti- 
cal steroids were administrated in phar- 
macological dosage to patients who were 
failures to all other forms of therapy. The 
drug was administered either as predni- 
sone, 80 mg/day, or dexamethasone, 8 
mg/day. 

These sequences of therapy are depicted 
in Fig 2. Use of these various types of 
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Total Courses í %) 
11 
15 





therapy during the 333 courses of therapy 
is listed in Table 1. 

Classification of Therapeutic Response.— 
The patients’ response to each of the indi- 
vidual courses of therapy was classified in 
one of three categories: objection regres- 
sion, stability of disease, and objec-ive pro- 
gression of disease. 

1. Objective regression: A decrease of at 
least 50% in size of measurable tumor was 
required. Transient responses of less than 
one month in duration were excluded. 

2. Stability of disease: A period ef stable 
disease of greater than one montt’s dura- 
tion in a patient whose disease was pro- 
gressive at initiation of therapy. 

3. Objective progression of disease: Ei- 
ther 1 or 2 of above, when associated with 
subjective improvement, were considered 
to be a favorable therapeutic response. 


Est:ogen-Rich 


e Ocdhorectomy 


e Adrenalectomy 


Adrenocortical Steroids 


tiation of 58% 


Fig 1.—Age of 195 patients by decade. 


Fig 2.—Sequences of therapy employed in palliative treatment of 


Breast Cancer 
(All Patients) 


Estrogen-Poor 





e Estrogens 


e Estrogen 
Withdrawal 





Chemotherapy 


Alterations in Therapy.—When objective 
regression occurred or disease remained 
stable, the therapy being administered 
was continued. A new form of therapy was 
instituted only when disease progressed. A 
trial of at least three months was consid- 
ered desirable in evaluation of the re- 
sponse to specific therapy. 


Results 


Therapy was associated with objec- 
tive regression of disease during 28% 
of the 333 courses. Four percent of the 
regressions were total and 24% par- 
tial. An additional 19% of courses 
were associated with a period of sta- 
bility of disease. Relentless progres- 
sion of disease occurred following ini- 
of the individual 
courses. Fifty-nine percent of the 
195 patients experienced a favorable 
therapeutic response at some time 
during the course of the sequential 
therapy. In 41% of patients the dis- 
ease was relentlessly progressive de- 
spite any form of therapy. 

Radiation Therapy.—Objective re- 
gression occurred following 45% of 
the 38 courses of radiation therapy 
and stability of disease in an addi- 
tional 21% of cases. This therapy was 
not employed as primary therapy for 
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pulmonary or pleural disease. The re- 
sponse was ecmperable in all of the 
other types of dssease evaluated. Dis- 
ease was controlled for greater than 
12 months in 38% of favorable re- 
sponses. 

The relatively small number of 
courses of radista therapy reflects 
the fact that the majority of patients 
had undergone maximally tolerable 
radietion pricr tc becoming the re- 
sponsibility cf tne Special Tumor 
Clinie. 

Oapherectomy.—A favorable re- 
sponse occurre¢ following oophorec- 
tomy * (42%)—cbpetive regression 
(24% and a perc of stability of dis- 
ease (18%). Oopher=ctomy was more 
effective in the <@ to 50-year age 
group than in those patients 30 to 40 
or 50 to 60. The meidence of favorable 
response was 3€% among 11 patients 
between the ages of 30 and 40: 18% 
objective regression and 18% stabil- 
ity. Among the 2€ patients in the 40- 
to 5(-year-olé ave zroup 50% experi- 
enced a favorable response, 37% ob- 
jective regressiem and 13% stability. 
The 12 women im zhe 50- to 60-year 
age group neluded nine women 
withn five years after a natural 
menepause. Only ene postmenopausal 
patient experencee objective regres- 
sion. In three additional post- 
menepausal patients a period of sta- 
bility ef disease-easued: a 33% rate of 
favorable respon= in the 50- to 60- 
yeerage group. OF 21 instances of fa- 
voradle response to oophorectomy 
only three persisted for more than 12 
monchs. 

Adrenalectomy.—@bjective regres- 
sion occurred fellbwing bilateral ad- 
rena.ectomy m 20% of instances and 
stability of disease in an additional 
16%. Imeluded as failures are three pa- 
tients who died im the early postoper- 
ative period. Twenty-one of 23 pa- 
tients were classified as estrogen- 
rich. Of these 25, a total of 12 had ex- 
perienced regrsssicn of disease with 
prior oophoresteny. Five of these 12 
patients man:fssted objective regres- 
sion following adrenalectomy, and in 
three others, stability of disease oc- 
cured: 66% farorable rate of response. 
In eqntrast, only two of nine patients 
without regressien from prior ther- 
apy 2xperieneed regression, and one 
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of the nine experienced a period of 
stability of disease: a favorable re- 
sponse rate of 33%. Of 11 favorable 
responses to adrenalectomy, five per- 
sisted for greater than 12 months. 

Androgenic Steroids.—Testolactone 
was administered to 12 patients. In 
none did disease objectively regress. 
The disease was stable less than three 
months in two cases. This drug was 
employed in a clinical trial. The dos- 
age employed, 200 mg/day, was less 
than subsequently recommended as 
optimal.* 

Estrogenic 
percent of courses of therapy with es- 
trogens resulted in a favorable thera- 
peutic response: 34% objective regres- 
sion and 23% stability of disease. 
When considered by age, the response 
rate of these estrogen-poor patients 
for each decade was essentially the 
same as for the group as a whole, 
with the exception of 12 women who 
were more than 80 years old. Of these 
later patients, three experienced ob- 
jective regression and six patients a 
period of stability of disease. The in- 
cidence of favorable therapeutic re- 
sponse was comparable with all types 
of disease evaluated, including pleu- 
ral and pulmonary disease. The dura- 
tion of favorable therapeutic re- 
sponse exceeded 12 months in nine of 
the 57 instances (16%) of such a re- 
sponse. 

Estrogen Withdrawal.—-Ten women 
experienced a favorable therapeutic 
response to estrogenic steroids but 
the disease subsequently progressed. 
One half of these experienced an ob- 
jective regression on estrogen with- 
drawal. An additional 20% experi- 
enced a period of stability. The 
duration of favorable response ex- 
ceeded 12 months in two patients. 
One patient in whom chest wall dis- 
ease had initially regressed and then 
became recrudescent while estrogenic 
steroids were administered experi- 
enced total regression with estrogen 
withdrawal. Chest wall disease again 
progressed after one year. Estrogenic 
therapy was reinstituted with total 
regression of disease. With further 
recrudescence of chest wall disease 
after nine months of estrogen ther- 
apy, use of estrogens was again with- 
drawn and disease again totally re- 


Steroids.—F ifty-seven | 


gressed. The patient currently is 
without evidence of disease after ten 
months without therapy. 

Chemotherapy.—Objective regres- 
sion occurred in only 12% of instances 
of therapy with fluorouracil with an 
additional 20% incidence of stable dis- 
ease. Four of 11 courses of therapy 
with cyclophosphamide were associ- 
ated with objective regression and 
only one additional patient experi- 
enced stability of disease. None of 
these favorable responses with fluo- 
rouracil and cyclophosphamide ex- 
ceeded 12 months. 

Adrenocortical Steroids.—Thirty-two 
percent of the 41 courses of therapy 
with pharmacological dosage of adre- 
nocortical steroids resulted in a favor- 
able response. Seventeen percent of 
these responses were in the form of 
objective regression of disease. An 
additional 15% of patients experi- 
enced stability of disease. Response 
exceeded 12 months in only two in- 
stances. 

Summation of Therapeutic Re- 
sponse.—The incidence of favorable 
therapeutic response by type of ther- 
apy and form of response are de- 
picted in Fig 3. Therapies employed 
less than 15 times have been omitted 
(androgens and estrogen withdraw- 
al). Control of disease exceeded 12 
months following institution of 28 of 
the 333 courses of therapy. 

Estrogen Status—Response to Ther- 
apy.—The estrogen status of the pa- 
tient, when correlated with likelihood 
of favorable therapeutic response, did 
not reveal any marked difference be- 
tween estrogen-rich and estrogen- 
poor patients. The results are pre- 
sented in Table 2. The poorest results, 
in terms of remission, were noted in 
the group less than five years after a 
natural menopause; the best results 
were noted in the estrogen-poor pa- 
tients. 

Location of Disease—Response to 
Therapy.—Disease in regional nodes 
was somewhat less likely to respond 
favorably than was disease in other 
locations. Table 3 presents data com- 
paring therapeutic response and loca- 
tions of disease. 

Free Interval.—Among patients with 
recrudescent disease, excluding those 
whose recrudescence was apparent 
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Fig 3.—Incidence of favorable therapeutic response with various types of therapy and 


form of response. 


Table 2.—Estrogen Status and Therapeutic Response 


No. of 
Courses 


156 


Estrogen Status 


Estrogen-rich 
Menstruating 49 
Menopause + 5 yr 39 
Postoophorectomy and 

<50 yr old 68 


Estrogen-poor 
Total 


Regression, % 


Favorable 
Response of 
>12 mo,% 

6 


10 
2 


Stable, % 


6 





Table 3.—Locations of Disease and Therapeutic Response* 


Location of Disease 
Primary, inoperable 
Chest wall 
Regional nodes only 


Chest wall and 
regional nodes 


Pulmonary—pleural 


* Multiple sites present in certain cases. 


Regression, % 


Therapeutic Response 


Stable, % Progression, % 
29 49 
18 48 
20 60 


12 67 
20 51 





Table 4.—Patient Survival 


Deaths 
(138) 


69% 
47% 
30% 

8% 
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Favorable 
Response 
(115) 


80% 38% 
61% 21% 
42% 5% 
18% 0 


Progression 
(809 


less than a year following attempted 
“curative surgery,” the like ihood of 
regression with palliative therapy in- 
creased with a longer free interval. 
“Free interval” is that period be- 
tween “curative operation” and re- 
crudescence. A favorable response 
followed 44% of 82 courses of therapy 
in patients with a free interval of be- 
tween one and three years; a favor- 
able response followed 58% of 32 
courses in patients with a free inter- 
val of more than three years. 

Survival.—The overall survival of 
the 195 patients, 188 of whom re- 
ceived more than one course of ther- 
apy, was determined. The results are 
depicted in Table 4. The perzentages 
for survival for varying periods are 
presented for all patients, including 
patients still alive or lost to follow-up, 
for those patients who died, “or those 
who responded favorably to any form 
of therapy, and for those wno never 
responsed favorably. Inclusion of pa- 
tients alive or lost to follow-up did 
not alter the percentage of survival 
significantly from that for only those 
patients who died. Twenty-seven per- 
cent of all patients survived for 
greater than 18 months while under 
observation. Forty-two percent of pa- 
tients who responded favorably sur- 
vived for greater than 18 months, 
whereas only 5% of patients who 
never responded favorably survived 
for greater than 18 months. 


Comment 


This study is limited to sequential 
palliative therapy for primary inoper- 
able, recrudescent chest wall region- 
al nodal, or pleural and pulmonary 
manifestations of mammary cancer. 
Disease limited to one or more such 
sites is often the dominant present- 
ing clinical problem.‘ Therapeutic re- 
sponse of disease in these sites and 
in other coexisting sites may not be 
uniform. 

The goal of palliative therapy of 
mammary cancer is “affording relief, 
but not cure.” Objective regression 
should not in itself be equazed with 
palliation. Overzealous therapy may 
indeed, at times, induce objective re- 
gression, but with the substicution of 
morbidity secondary to therapy, ex- 
ceeding that which existed as the 
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result æf the cisease. Conversely, 
therapy associated with arrest of pro- 
gression of disease and symptomatic 
relief is truly palliative, even in the 
absense of objective regression. For 
this reason, we kare defined a favor- 
able therapeutic response as subjec- 
tive improvement associated with ei- 
ther cbjective regression or arrest of 
progression with scability of disease. 
As so defined, a favorable therapeutic 
respoase occurred during 47% of 333 
courses of therapy. Twenty-eight per- 
cent ef these responses consisted of 
objective regression and 19% a period 
of stability of disesse. Fifty-nine per- 
cent ef patients experienced a favor- 
able response-2t some time during the 
course of sequential therapy. 

Primary reliance has been on radia- 
tion therapy fa@ previously nonra- 
diated local disease and on additive 
and ablative therapy with sex. hor- 
mons, a systemi therapy. Chemo- 
therapy and acrenocortical steroids 
were generally employed systemically 
in patients whese disease was pro- 
gressive following either a successful 
or urmsuccessful course of sex hormo- 
nal therapy. 

Radiation therany was the most ef- 
fective form of sherapy. This was re- 
flected in the high incidence of favor- 
able therapeutie -esponse, including 
objective regression, and in the high 
incidence of reletively long-term con- 
trol. When pricr radiation does not 
preclude further such therapy, it 
shoud be the therapy chosen for pri- 
mary inoperable, beally recrudescent, 
and regional nodal disease. 

Incerest in hermonal influences on 
the behavior of mammary carcinoma 


was stimulated ir 1896 by Beatson’s: 


observation cf regression of mam- 
mary caneer fellowing oophorec- 
tomy.* The werk cf Huggins and Ber- 
genstal’ in 195% established the 
efficecy of bilateral adrenalectomy 
in palliative trea*ment of mammary 
cancer. Adrenalecomy is presumed to 
be efective by el minating the adre- 
nals as a souree of estrogenic steroids. 
The report of Maz Donald: confirmed 
the fact that adrenalectomy was 
more likely to be effective in the pa- 
tien= with a prierfavorable therapeu- 
tic response to oqphorectomy. This is 
consistent with the observation of 


Areh Surg/Wol 1€7, July 1973 





Persson and Risholm® that estrogen 
excretion decreased following oopho- 
rectomy and subsequently increased 
after a variable period of time, pre- 


sumably consequent to increased ad- 


renal production of estrogens. The 
therapeutic value of androgenic and 
estrogenic steroids was observed by 
Nathanson and Kelley” and has been 
reviewed by others.“ The entire sub- 
ject of hormonal therapy has been re- 
viewed in a recent monograph by 
Stoll. 

This report supports the efficacy of 
oophorectomy in the estrogen-rich pa- 
tient, with a favorable therapeutic re- 
sponse in somewhat more than one 
third of cases. This is comparable to 
prior reported experience.* We have 
not had significant experience with 
oophorectomy in estrogen-poor pa- 
tients and cannot comment in this re- 
gard. Sommers and Teloh have re- 
ported a high incidence of ovarian 
stromal hyperplasia in postmeno- 
pausal women with breast cancer. 
This observation led to conjecture as 
to whether such hyperplasia was asso- 
ciated with significant estrogen se- 
cretion. Barlow and associates have 
more recently presented evidence 
that the postmenopausal ovary is not 
functional with respect to estrogen 
secretion. 

Adrenalectomy can be strongly rec- 
ommended for the patient who has 
responded favorably to oophorec- 
tomy, even when the response is tran- 
sient. Including one patient who was 
an early postoperative death, a re- 
sponse rate of 66% was achieved in 12 
patients with such prior favorable re- 
sponse. Perhaps the newer methods 
for evaluation of hormonal function 
and their correlation with response to 
adrenalectomy will, in the future, 
provide a more accurate means for se- 
lection of patients.'* In the meantime, 
restriction of adrenalectomy to pa- 
tients who have responded favorably 
to oophorectomy will avoid the inher- 
ent morbidity associated with the op- 
eration in a group of older patients 
who, in our limited experience, are 
much less likely to be significantly 
benefited. 

Our experience reaffirms that es- 
trogenic steroids are a very worth- 
while therapeutic modality for soft 


° 

N l 
tissue, pleural and pulmonary disease 
in estrogen-poor patients." A fa- 
vorable response occurred in more 
than one half of cases. Administered 
as a long-acting intramuscular prepa- 
ration, estradiol valerate, estrogenic 
steroids are well tolerated. The gas- 
trointestinal side effects induced by 
diethylstilbestrol are avoided. Diu- 
retic therapy may be necessary to 
control retention of fluid. Digitalis is 
rarely required. Vaginal bleeding is. 
usually controlled by doubling the 
dose of estrogen. If not, and if the 
patient is responding favorably to 
therapy, a dilation and curettage can 
be performed and therapy continued. 
Stress incontinence may be a conse- 
quence of therapy. 

When a patient has responded fa- 
vorably to therapy with estrogenic 
steroids and disease progresses, use 
of estrogens should be stopped and 
the patient observed for a withdrawal 
response, that is, regression of dis- 
ease. Such occurred in 50% of the 
small group of patients we have ob- 
served. We and others** have noted a 
second regression with additive estro- 
gens, when progression has occurred 
following a withdrawal response. 

Experience being reported with 
testolactone is not adequate to draw 
any conclusions consequent to the 
small numbers of patients involved 
and the low dosage employed.’ Ther- 
apy with masculinizing hormones has 
been avoided, because of the undesir- 
able side effects of this therapy. 

The results observed with single- 
agent chemotherapy were disappoint- 
ing in comparison with those 
achieved with additive and ablative 
hormonal therapy. The incidence of 
favorable therapeutic response was 
low and the duration of response dis- 
tressingly brief. This is not a unique 
experience.*'*'’ Chemotherapy was 
employed in patients who were fail- 
ures with additive or ablative hormo- 
nal therapy, a selected and probably 
less favorable group of cases. More 
aggressive chemotherapy and the use 
of combinations of chemotherapeutic 
agents might increase the incidence 
of favorable results." 

Adrenocortical steroids in phar- 
macological dosage are a very useful 
therapy for advanced mammary can- 
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cer.'>? A favorable therapeutic re- 
sponse, including objective regression 
of soft tissue disease, may occur. 
When administered after other forms 
of therapy have failed and the pa- 
tient is approaching the terminal 
phases of the disease, the euphoria 
and increased sense of well-being 
that usually result are most helpful. 
Prolonged therapy with high doses of 
adrenocortical steroids is associated 
with increased morbidity consequent 
to the therapy itself, which may 
exceed the therapeutic benefits 
achieved. Alternate-day therapy” 
with pharmacological dosage has not, 
in our experience, eliminated this 
problem. 

Adrenocortical steroids may be ef- 
ficacious in the treatment of mam- 
mary cancer in either estrogen-rich or 
estrogen-poor patients. Their mode of 
action in this regard is unknown. 

The results of this study are in 
some contrast to those of our prior 
evaluation of the response of osseous 
metastases to sequential therapy.” 
As in the present study, radiation 
therapy was the most effective ther- 
apy for osseous metastasis. With os- 
seous disease, fluorouracil appeared 
to be more efficacious than additive 
or ablative hormonal therapy, when 
measured in terms of relief of pain 
and stability of disease. Additive and 
ablative hormonal therapy was dis- 
appointing for osseous disease, in 
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particular the response in the estro- 
gen-poor patient to administration of 
estrogenic steroids, In contrast, the 
response of soft tissue disease was 
more favorable with all types of hor- 
monal therapy than with chemother- 
apy in the form and dosage employed. 
Estrogenic steroids for the estrogen- 


. poor patient were particularly helpful 


in the treatment of soft tissue dis- 
ease, including pleural and pulmo- 


nary disease. 


Sequential therapy for palliation of 
mammary cancer has long been advo- 
cated’? as an alternative to zherapy 
combining various modalities simul- 
taneously. Favoring sequential ther- 
apy is the fact that the physician is 
able to precisely determine the re- 
sponse of the patient to a given ther- 
apy. This response may then aid in 
selection of the next theraoy, for 
example, adrenalectomy in patients 
who have responded favorebly to 
oophorectomy. The intensity of the 
therapy employed tends to be more 
moderate and consistent with the 
principle that the therapy should not 
induce a morbidity out of proportion 
to the reasonable likelihood of thera- 
peutic gain. Further progression of 
disease is inevitable and will require 
further treatment. With sequential 
therapy, the physician jealously ra- 
tions the therapies available. 

Recently, interest has increased in 
the use of combinations of therapy, 


References 


47:15-26, 1964. 

10. Nathanson IT, mage RM: Hormonal 
treatment of cancer. Engl J Med 
246:135-145, 1952. 

11. Androgens and estrogens in the 
treatment of disseminated mammary car- 
cinoma: Report to the Council on Drugs. 
JAMA 172:1271-1283, 1960. 

12. Stoll BA: Hormonal Managenent in 
Breast Cancer. Philadelphia, JB Lippin- 
cott Co, 1969. 

13. Sommers SC, Teloh HA: varian 
stromal hyperplasia in breast cancer. Arch 
Path 58:160-166, 1952. 

14. Barlow JJ, Emerson K Jr, Saxena 
BN: Estradiol production after >variec- 
tomy for carcinoma of the breast. N Engl J 
Med 280:633-637, 1969. 

15. Baker LH, Vaitkevicius VK: Re- 
evaluation of rebound regression in dis- 
seminated earcinoma of the breast. Cancer 
29:1268-1271, 1972. 

16. Comparison of antimetaboites in 
the treatment of breast and colon cancer: 
eA study. JAMA 200:770-778, 
1967. 


both hormonal and nonhormonal. "° 
Whether the total incidence and du- 
ration of remission with such com- 
bination therapy will exceed that 
achieved with sequential therapy has 
not been firmly established Nor has 
the incidence of significant morbidity 
consequent to such combined therapy 
been fully evaluated. 

Discussion of prolongatien of life 
following palliative therapy is 
fraught with uncertainties. Compari- 
son within and between series is not 
satisfactory, because of differing 
composition of patient populations re- 


ceiving different therapies. Addition- ~ 


ally, there is a marked variation in 
the rate of progress of untreated dis- 
ease among patients anc in the 
same patient at differing times.” We 
would hope, without proof. that in 
some instances of survival for more 
than 18 months the therapeutic ef- 
forts achieved more than relief of 
symptoms and that meaningful life 
was indeed prolonged. The longer 
survival of patients whose disease re- 
sponded favorably is not cenclusive. 
The disease itself may be more indo- 
lent. 
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Parathyroidectomy for 


Hyperplasia in Renal Disease 


Alfred D. Katz, MD, Leo Kaplan, MD, Los Angeles 


Twenty-seven patients with parathyroid 
hyperplasia secondary to renal failure have 
had parathyroidectomy. Normally 3% of the 
parathyroid glands were removed. There 
were 12 women and 15 men with a mean 
age of 36.8 years and a median age of 34 
years. Ten patients (37%) required some 
mediastinal dissection to locate and remove 
the lower parathyroid glands. Three patients 
(11%) required early reoperation for bleed- 
ing. Two patients had functioning renal 
transplants preoperatively and two had suc- 
cessful postoperative renal transplants. Ten 
of the patients (37%) had ‘‘adenomatous- 
like” masses within the hyperplastic glands. 
These should be designated as “adenomas” 
occurring in hyperplasia. The cooperative 
team approach of the surgeon and the pa- 
thologist is a vital factor in successful para- 
thyroid surgery. 


yperparathyroidism in patients 
with chronic renal failure neces- 
sitating parathyroidectomy has been 
seen with increasing frequency dur- 
ing the past decade due to prolonga- 
tion of life by better conservative 
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therapy and the use of hemodialysis.*~* 

The principal stimulus for the de- 
velopment of the secondary hyper- 
plasia of the parathyroid glands is the 
hypocalcemia of renal failure. The 
precise mechanisms causing hypocal- 
cemia in these patients are not well 
defined.*-'* Retention of phosphate as 
renal function decreases, resistance 
to the skeletal action of the parathy- 
roid hormone, and deficient produc- 
tion of 1,25 dihydroxycholecalciferol 
by the diseased kidney may each or 
all play a role. The marked hyper- 
plasia of the parathyroid gland and 
the increased blood levels of the para- 
thyroid hormone may be associated 
with a syndrome of overtly clinical 
hyperparathyroidism."" This syn- 
drome has already been described in 
detail by Massry and Coburn’ and its 
presence may require subtotal para- 
thyroidectomy. 

This paper presents the surgical ex- 
perience in 27 uremic patients who re- 
quired subtotal parathyroidectomy. 
The charts of all these patients were 
reviewed and the microscopic slides 
restudied. The anatomic differ- 
entiating features of hyperplasia are 
discussed. These patients were clini- 
cally evaluated and treated by the ne- 
phrology team and recommended for 
operation following failure of medical 
management. All patients recom- 
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Case/Sex/ Glands 
Age, yr Complaint* Preoperative Renal Status Surgery Date Removed Complications Follow-up, January 1973 
1/F/38 Vascular calcium skin Kidney transplant, 8/22/66 3% None Kidney transplant, 
infarcts functional 1965 functional 
2/F/40 Pruritus-bone disease Dialysis 4/26/67 3f None Dialysis 
3/F/27 Pruritus-bone disease Dialysis 11/22/67 33⁄4 None Kidney transplant 
reject, dialysis 
4/M/50 Metastatic calcium Dialysis 1/25/68 33⁄4 None Died 3/6/68 
5/M/47 Pruritus-bone disease Dialysis 2/15/68 2 Hematoma evacuated Died 2/24/70 
6/M/23 Pruritus-bone disease Dialysis 3/11/68 334% None Dialysis 
7/F/27 Bone disease Dialysis 4/11/68 33⁄4 None Died 7/23/68 
8/M/36 Pruritus Dialysis 10/18/68 3§ Hematoma evacuated Dialysis 
9/F/64 Bone disease Uremic, not on dialysis 1/3/69 3%, None Dialysis 
10/F/32 Pruritus-bone disease Dialysis 1/28/69 334 Homatoma in flaps Died 8/25/72 
11/F/52 Bone disease-fractures Dialysis 2/19/69 4 None Died 1/28/70 
12/M/27 Bone disease Kidney transplant reject 3/27/69 3% None 2nd Kidney transplent, 
2/7/69, dialysis functional 
13/M/18 Pruritus Dialysis 4/29/69 3%, None Dialysis 
14/M/26 Bone disease Dialysis 9/25/69 3% None Kidney transplant 
reject, dialysis 
15/F/28 _ Pruritus-bone disease Kidney transplant reject 10/29/68 23⁄4 None Dialysis 
5/19/68, dialysis 
16/M/22 Pruritus-bone disease Dialysis 3/31/70 23⁄4 None Dialysis 
17/F/33 Pruritus Dialysis 10/13/70 23⁄4 Bleeder ligated Dialysis 
18/F/52 Pruritus-bone disease Uremic, not on dialysis 9/13/71 234 None Dialysis 
19/F/34  Bonedisease-vascular Dialysis 9/24/71 234 None Dialysis 
calcium 
20/F/29 Pruritus-bone disease Dialysis 12/9/71 23⁄4 None Dialysis 
21/M/55 Pruritus-bone disease Dialysis 1/26/72 z334 Bleeding skin edges Dialysis 
resutured 
22/M/43 Pruritus-bone disease Dialysis 1/28/72 43/,\| None Kidney transplant, 
functional 
23/M/49 Pruritus-bone disease Dialysis 2/25/72 ESA None Kidney transplant 
Aug 72, died 9/9/72 
24/M/22 Bone disease Dialysis 3/14/72 SA, None Dialysis 
25/M/18 Vascular calcium- Kidney transplant, 5/8/72 3%,|| None Died 5/28/72 
skin infarcts functional 1971 
26/M/57 Soir A gait Dialysis 11/3/72 3,4 Diarrhea, weakness Dialysis 
calcium 
27/M/47 Pruritus-bone disease Dialysis 11/28/72 334 None Dialysis 























Table 1.—Subtotal Parathyroidectomy for Parathyroid Hyperplasia Secondary to Renal Disease in 27 Patient 





* Bone disease: renal osteodystrophy (roentgen and/or bone biopsy verification). 


t Fourth parathyroid gland not found. 


+ One parathyroid gland (upper) septaliy thyroid (case 6); two (case 26). 
§ Prior surgery: two parathyroid glands removed; third in mediastinum at 10/18/68. 
|| Fifth parathyroid gland found in mediastinum at surgery, case 22; at autopsy, case 25. 


mended for subtotal parathyroid- 
ectomy had hyperplastic parathyroid 
glands. 


Results 


From August 1966, when our first 
subtotal parathyroidectomy for para- 


ak thyroid hyperplasia secondary to re- 


nal disease was performed, until De- 


cember 1972, 27 such patients were 
surgically explored. Table 1 depicts 
these patients in chronological order 
as to their sex, age, symptoms, preop- 
erative renal status, surgical date, 
complications, and follow-up. There 
were 12 women and 15 men ranging 
in age from 18 to 64, with a mean age 
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of 36.8 years and a median age of 34 
years. Nine patients were ia their 
second decade of life, while there 
were fivé patients in each of the 
third, fourth, and fifth decades. 

Ten of the 27 patients (387%) re- 
quired superior mediastina dis- 
section without splitting the sternum 
to locate and remove lower perathy- 
roid glands. In two patients a fourth 
parathyroid gland was not found. 
Nevertheless, there was a marked 
drop in serum calcium levels and 
marked symptomatic improvement 
postoperatively. 

In two other patients a fifth hyper- 
plastic parathyroid gland was found 


within the mediastinum. In one pa- 
tient the fifth parathyroid giand was 
found at operation (case 22), and in 
the other patient the additional gland 
was found at autopsy (case 25). The 
latter patient had a negligible drop in 
his postoperative serum calcium level 
due to the mediastinal hyperplastic 
parathyroid gland. | 

There were five patients with post- 
operative neck hemorrhage. Three 
(11%) were returned to surgery for 
bleeding control. A small hematoma 
in one patient subsided spontane- 
ously, and in the fifth patient bleed- 
ing at one point along the skin edges 
ceased upon placement of a new su- 
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ture pé?formed at the bedside. 
Diarrhea was severe in one patient 
postoperatively-and subsided with re- 
duction of admimistered calcium. 
Postoperative weaxness was experi- 
enced by many. 

Only two of the 27 patients had 
functioning reral transplants before 
their subtotal parathyroidectomy. 
Both of these ‘cases 1 and 25) had 
progressive vascular obliterative cal- 
cificatiens and cigital infarction. In 
case 1 all the neero-ic and ulcerative 
lesions of the hands and feet healed 
after subtotal parathyroidectomy, 
ond thè patient E domg well six years 
after surgery.“ However, patient 25 
died 2) days postoperatively of con- 
tinued visceral mfazctions. Two pa- 
tients (eases 9 end 18) had stable 
chronie renal faiure and were not 
treatec with hemodialysis prior to 
surgerr, and two patients (cases 12 
and 15) had rejeeted taeir renal trans- 
plants and were again maintained 
with regular hemedia ysis before sur- 
gery. The rest of the patient popu- 
lation were receiving maintenance 
hemodialysis. 


Commert 


The sargical technique of neck ex- 
ploration was desmned to expedite 
the location and =məval of hyper- 
plastic parathyroid zlaads in such pa- 
tients. The diagnos -ic seatures of the 
hyperplastic and ac enoma-containing 
glands are outlinec in Table 2. Occa- 
sionally these glamds are pale and 
smooth, with the arger ones often 
confused with lymph nodes, while 
others are uniform and polylobulated. 
Such glands are intracapsularly hy- 
pervascular, but the ~essels are not as 
friable as the norraal nor the ade- 
noma-con:aining gland. On incision 
or laceration a hyperplastic gland 
bleeds prefusely, ani yet mechanical 
irritation is infrequentiy associated 
with interstitial h=morrhage. The 
technique of using toluiline blue to 
identify parathyroid glands was not 
used.'* The potentia sice effects of 
this dye in such ill patients was‘a de- 
terrent. Identification of parathyroid 
glands is often aided >y an interested 
pathologist. particulary im prolonged 
dissections, resulting in “atigue and 
frustration complicated br tissue dis- 
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tortion and hemorrhagic suffusion. 
Ectopsc locations such as retroesopha- 
geal (upper glands), intrathyroid sep- 
tally mostly upper glands), carotid 
sheath (lower glands), the fatty mass 
along the thyroid and particularly 
caudac to the lower thyroid poles 
(lower glands), and within the ante- 
rior superior mediastinum down to 
the aortic arch (lower glands) are sys- 
tematieally explored for the “missing 
gland.” 

Wher all the parathyroid glands 
are located, a large silver clip is 
placed across the upper one quarter to 
one sixth of the smallest gland. The 
major portion is severed below the 
clip and submitted for frozen section 
verification. When viability of the re- 
sidual gand appears assured by vir- 
tue of minimal or no hemorrhagic 
change slong with persistent normal 
color amd texture, the other three 
glands are totally removed. The 
silver used identifies this site by 
roentgenpgraphic study in the event 
of return or persistence of clinical 
symptoms and laboratory findings, 
requiring reexploration.”” To date 
none of these patients has needed 
this procedure for this reason. 

Patients with preoperative pruritus 
reported hat this had ceased within 
one to seven days postoperatively. 
Similar experience has been reported 
by others?'*? All these very ill pa- 
tients, some only 12 hours after dialy- 
sis and still receiving heparin sodium, 
tolerated >.peration extremely well. 
This too has been well documented.” 
Blood loss, except in three patients, 
was estimeted to be less than 100 to 
200 ml. Weakness, not emphasized in 
published reports, was manifest in all 
our patien s. They reported this to 
last up to six months or more and it 
was often utterly devastating (case 
26). 

Preopera*ive serum calcium levels 
in these patients ranged from 6.8 
mg/100 ml +o 13.0 mg/100 ml and the 
serum phosphorus levels from 4.5 
mg/100 ml to 12.6 mg/100 ml. Postop- 
eratively, the range of our patients’ 
serum calciem levels was from 4.9 
mg/100 ml to 8.5 mg/100 ml. Gener- 
ally gluconace calcium was required 
in the postoperative period. Most pa- 
tients were sent home with supple- 
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mentary daily calcium and vitamin D 
given orally (50,000 units or more). 

Extensive blood chemical and tis- 
sue assays performed on specimens 
from all these patients will be pub- 
lished separately in a detailed article 
that surveys our experience with the 
overall medical therapy of dialysis pa- 
tients. 

From the experience reported, we 
believe that subtotal parathyroid- 
ectomy (removal of 3%4 glands) should 
be considered when uremic patients 
treated with adequate hemodialysis 
or medical management or both de- 
velop overt hyperparathyroidism, 
even if they do not as yet require he- 
modialysis, and even with functional 
renal transplants. In this series only 
two patients with functioning kidney 
transplants had subtotal parathyroid- 
ectomies (cases 1 and 25). They re- 
quired it as an emergency because of 
fulminating vascular calcifications 
and infarctions. This is in accordance 
with the literature**’ that most kid- 
ney transplant patients treated with 
aggressive medical management do 
not require parathyroidectomy. Sub- 
total parathyroidectomy may be con- 
sidered for patients receiving hemo- 
dialysis even if they are being 
considered for renal transplantation. 

Some surgeons prefer total para- 
thyroidectomy, believing that sub- 
total removal may not be sufficient to 


reverse the renal osteodystrophy, — 


while others perform subtotal para- 
thyroidectomy.” -° We support the lat- 
ter premise. All surgeons do agree 


that identification of all parathyroid. 


glands must precede resection of 
almost all, if not all, of the glands.” 
One patient (case 5) had only two par- 
athyroid glands removed, resulting in 
a marked drop of his serum calcium 
level. This is consistent with the re- 
ported opinion that clinical relief 
from parathyroid hyperplasia is a 
function of the relative parathyroid 
“mass” removed and suggests that all 
parathyroid tissue need not be re- 
moved."'-** Mediastinal dissection is 
regularly required and even subtotal 
thyroidectomy may be necessary for 
septally intrathyroid parathyroid 
gland.*" Ten of 27 patients (37%) re- 
quired mediastinal dissection to lo- 
cate the lower parathyroid glands. 
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This is much higher than reported 
elsewhere (19.2%).** Intrathyroid par- 
athyroid glands were found in pa- 
tients 6 and 26. 

In the 27 patients all the submitted 
parathyroid glands were hyperplastic. 
The diagnostic anatomic features en- 
countered are itemized in Table 2. 
The differential features of “true” 
adenoma from the “adenoma-like” 
nodular hyperplastic parathyroid 
gland are presented in Table 3. Ten of 
the 27 patients exhibited discrete 
nodules within hyperplastic parathy- 
roid glands (37%). In three patients 
only one parathyroid gland was in- 
volved. Two of these three glands 
contained several such nodules, while 
the other one had only one discrete 
nodule of proliferated parathyroid 
cells. All of the remaining 7 patients 
exhibited multiple demarcated nod- 
ules of parathyroid cells compressing 
hyperplastic tissue about them or sep- 
arated by varying degrees of fibrous 
encapsulation or both. The presence 
of two or more nodularly involved 
glands in a particular patient, coupled 
with multiple nodules in each gland, 
and the regularly noted mixed cell 
types within such “adenoma-like” 
nodules found in the hyperplastic 
gland distinguishes these from the 
“true” adenoma. The presence of a fi- 
brous capsule (partial or enveloping) 
about some nodules in hyperplasia 
adds to this distinction. It is, of 
course, significant that the adenoma- 
like nodule of hyperplasia is univer- 
sally associated with secondary hy- 
perparathyroidism (subclinical or 
overt), whereas the true adenoma is 
often functionless and encountered 
as an anatomic incident at autopsy. 
Perhaps these are both states of 
adenoma formation rather than the 
semantic appellations of “adenom- 
atous,” “pseudo-adenoma,” “auton- 
omous nodular hyperplasia,” “tertiary 
hyperparathyroidism,” and “neo- 
plastic-like transformations,” as de- 
scriptive of the nodule in hyper- 
plasia.*"-** 

The “nodule” of hyperplasia and 
that of adenoma have some sim- 
ilarities and some differences, noted 
in Table 3. Since they are individual- 
` ly indistinguishable morphologically, 
both should be designated as ade- 
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Table 2.—Parathyroid Gland Diagnostic Anatomic Features 


















Normal Hyperplasia Adenoma 

No. involved i All Usually only 1 

Location > All Lower glands 

Size Small Large Large 

(0.@x 0.4 (0.5 to 2.5 cm) (0.6 to 3.5 sm) 
x 0.4 cm) (occasional y up to 
8.5 cm) 

Shape Oval, thin Oval, round, Oval, round, 
uniform, elongated 
polylobulated, 
thick 

Color Pale tan Deep tan-red Deep tan-brown 

Texture Soft, riable Firm, pliable Firm, friable 

Capsule Transiucent, Translucent, Translucent, 

thin thin thin 


Many, delicate Moderate, delicate 
Many, congested Moderate, delicate 


Scan-y, delicate 
Delicate, minute 


Vascularity pedicle 
Intraglandular 


Fragility 4+ easily 0 to 1+ 2+ to 3+ 
Bleeding with Mo@erate, scanty Profuse Moderate, seanty 
disruption 
Cysts 
Thin-walled 0 Micro Macro-micro 
Watery fluid 0 + + 
Multiple 0 Usually Rarely 
Cell type dominant Chief cell Chief cell Chief cell 
Oxyphil cell Scanty clusters Often clusters, Infrequent 
frequency nodules 


“‘Adenoma-like’’ nodules 
(gross/microscopic) 








37% 100% 









Table 3.—Parathyroid Gland Diagnostic Anatomic Features 
of the Ncdule in Hyperplasia and Adenoma 





Adenoma 
100% 

Rarely rrore than 1 
Rarely more than 1 


Hyperplasia 
Frequency (gross/microscope) 
No. of glands included 

No. of nodules/gland 


37% 
Always more than 1 
Mostly more than 1 











noma, occurring within a “normal” or 
within a “hyperplastic” parathyroid 
gland. 

Vascular thrombi in »arathyroid 
gland specimens were fcund micro- 
scopically. Recent venoas thrombi 
were found three times (cases 1, 3, and 
4), organized venous thrombus once 
(case 15), and recent thrombus once in 
a small, murally calcified artery (case 
12). In patients 12 and 15 these find- 
ings were preceded by kidney trans- 
plant infarctive reject, associated 
with arterial or venous thrombi or 
both. Nonvascular caldfic deposits 
were encountered in four patients, 
within the nodular hyperplastic 
glands (cases 3, 17, 18, amd 26). The de- 


Peripheral rim Hyperplastic gland Normal zland 
Fibrous capsule Often Rare 

Cell type dominant Chief cell Chief ceill 
Oxyphil cell frequency Often clusters and nodules infrequent 
Other cell types Often Infrequent 


posits were at sites of necrosis and 
within fibrous septae about such nod- 
ules in three patients. In 21 patients 
some degree of iron accumulation was 
noted diffusely within the cytoplasm 
of the parathyroid cell or inter- 
stitially as golden granules (Prussian 
blue reaction). 

Thymic tissue remnants adjacent 
to thyroid and paratlyroid glands, 
and within fat tissue o? the neck and 
mediastinum, were noted in ten pa- 
tients. However, these were atrophic 
and primarily epithelial in five, and 
associated with moderate or abun- 
dant lymphoid tissue in five other pa- 
tients (cases 8, 13, 17, 18, and 22). Mi- 
croscopic cysts of such thymic tissue, 
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lined dy Tubøsdal or flattened epithe- 
lium, were ncted in four of such. pa- 
tients 

The association of thyroid colloid 
nodules, ademomas, and carcinoma 
has been reported previously. In 
that paper so-called colloid nodules or 
adenomas or oth were noted in 33% 
of patients whose thyroid was sam- 
pled st the time of resection of a 
functibning parathyroid adenoma. In 
the 2% patients reported herein, the 
thyroid was sampled in 23. Only five 
(22%) such specimens contained col- 


loid nedules or adenomas or both. 
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Alterations in 


Arterial Hematocrit Reading 


Effect of Major Acute Hemorrhage 
and of Crystalloid Infusion in the Dog 


Stanley Z. Cowen, MD; Edward J. White, MD; 


Arthur J. Donovan, MD, Los Angeles 


The early effect on the arterial hematocrit 
reading of major acute arterial hemorrhage 
and of crystalloid infusion has been studied 
in splenectomized dogs. Within 30 minutes 
of completion of hemorrhage of 25% of esti- 
mated blood volume, the arterial hematocrit 
reading had decreased 15% from base line 
and remained at that level for the ensuing 
five hours. This rapid rate of transcapillary 
refill was comparable whether the hemor- 
rhage was external or “intraperitoneal.'’ The 
infusion of 0.9% sodium chloride solution in 
a volume equal to 75% of estimated blood 
volume over two hours resulted in a de- 
crease in hematocrit reading during the infu- 
sion exceeding the decrease to be antici- 
pated if the entire infused solution were 
equally distributed throughout the extracel- 
lular space. This apparent delayed dispersal 
of crystalloid from the intravascular to the 
interstitial space was not modified by prior 
hemorrhage. 


his study was undertaken to doc- 
ument the serial changes that oc- 
cur in the arterial hematocrit reading 
in the early period following major 


Accepted for publication March 8, 1973. 

From the Department of Surgery, University 
of Southern California School of Medicine, and 
Los Angeles County-University of Southern Cal- 
ifornia Medical Center. Dr. Donovan is now with 
the University of South Alabama, Mobile, Ala. 

Read before the annual meeting of the South- 
ern California Chapter of the American College 
of Surgeons, Newport Beach, Calif, Jan 19, 1973. 

Reprint requests to University of South Ala- 
bama, 307 Gaillard Dr, Mobile, AL 36608 (Dr. 
Donovan). 


56 Arch Surg/Vol 107, July 1973 


acute arterial hemorrhage in the dog. 
The effect of both external and “in- 
traperitoneal” hemorrhage on the ar- 
terial hematocrit reading was docu- 
mented. Additionally, the iztrogenic 
effect of crystalloid infusion on the 
arterial hematocrit level was studied 
both with and without hemorrhage. 
The purpose was to determine the de- 
gree and rate of fall in hematocrit 
level under these varying circum- 
stances. 


Methods 


Adult female mongrel dogs, which had 
recuperated from prior splenectomy, were 
utilized for the experiments. All animals 
were fasted the night before tne experi- 
ment. They were anesthetized with pento- 
barbital sodium (Diabutal), 30 mg/kg of 
body weight. An endotracheal tube was in- 
serted, the cuff inflated, and respiration 
controlled with a respirator durmg the en- 
tire course of the experiment. Systemic an- 
ticoagulation was established with heparin 
sodium. The right femoral artery and vein 
were exposed. Polyethylene cannulas, 16- 
gauge, were inserted into each vessel. An 
indwelling No. 10F Foley-type catheter 
was inserted into the urinary bladder. 
Hourly output of urine was recorded. Sam- 
ples of arterial blood for hema:ocrit level 
determination were withdrawr from the 
cannula in the femoral artery. During all 
experiments, such determinations were 
performed as a base line every 30 minutes 
for four hours and hourly for two addi- 
tional hours. Hematocrit reacings were 


determined on duplicate samples by the 
microhematocrit method with use of a mi- 
crocapillary centrifuge reader. The base 
line hematocrit reading was ccnsidered as 
100% and subsequent alterations in hema- 
tocrit level are expressed as a percent 
change from this base line. Thase changes 
are presented as mean values for various 
groups of dogs employed in the experi- 
ments. 

The femoral venous cannua was em- 
ployed for infusion of crystalloid solution. 
All experiments were terminated at six 
hours. Six dogs died before six hours and 
were excluded from the study 

The dogs were divided into five groups 
of six dogs each. These were as follows: 

Group 1: Anesthesia Alone.—Anesthesia 
was administered for six hours. 

Group 2: Hemorrhage.—Beginning at 
time zero, blood was withdrawn from the 
arterial cannula over a 30-mimute period. 
Blood volume was arbitrarily 2stimated to 
be 10% of body weight.’ This was based on 
an estimated plasma volume of 5% of body 
weight and an estimated red blood cell 
(RBC) mass of approximately 50% of blood 
volume. The actual mean base line hemato- 
crit level in all dogs prior to initiation of 
any of the experiments was 48%. Twenty- 
five percent of this estimated volume, or a 
volume equivalent to 2.5% of >ody weight, 
was withdrawn at a steady rate over the 
30-minute period. 

Group 3: Infusion of 0.9% Sodium Chloride 
Solution.—One hour following deter- 
mination of the base line arterial hemato- 
crit reading, an infusion of 0.9% sodium 
chloride solution was initiated. The total 
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Fig 1.—Experinsent procedures performed on dogs in groups 2 through 5. All dogs had recuperated from splenectomy. 


volume infused was 7%» calculated blood 
volume (see group 2) “Lis infusion was 
continuec over a peried > two hours with 
two thirds of the caleusated volume infused 
during the first hour aae the remaining 
third durmg the seeord asur. 

Group 4: Hemorrhage and Infusion.— 
These dogs were subjectes to hemorrhage 
of 25% cf calculated Bl-od volume (as 
group 2 above) over a period of 30 minutes 
following >ase line hemacccrit reading de- 
termination. After a ce- of 30 minutes 
following this hemerrhaz=, 0.9% sodium 
chloride sclution was infased in a volume 
equivalent to 75% of calamated blood vol- 
ume, or three times the wlume of blood 
lost, over a two-hour per» (as in group 3 
above). Thas, these snim- experienced a 
combination of the experimental proce- 
dures in group 2 and g-onp 3 dogs. 

Group & Intraperifoxe.! Hemorrhage.— 
These dogs were bled 25S of caleulated 
blood volume over the pern4 of 30 minutes 
following base line hematoerit level deter- 
mination. The bleed, as » thdrawn, was 
simultaneously instilled insc the peritoneal 
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cavity through a small polyethylene can- 
nula. This cannula, with multiple side 
holes, was placed in the midabdomen 
through a small midline celiotomy incision. 
A second eannula of polyethylene with 
multiple side holes was placed in the pelvis 
under direct vision. The abdomen was vig- 
orously manipulated at periodic intervals 
to assist in mixing of intraperitoneal 
blood. Blood was withdrawn from the pel- 
vic cannula for hematocrit level deter- 
mination while samples of arterial blood 
were taken simultaneously for similar de- 
termination. 

Experimental groups 2 through 5 are de- 
picted graphically in Fig 1. 


Results 


Group 1: Anesthesia.—The hema- 
tocrit reading remained essentially 
stable during six hours of anesthesia. 
The means and standard deviations? 
are recorded in the Table and are de- 
picted graphically in Fig 2. 

Group 2: Hemorrhage.—By the time 





of completion of the hemorrhage of 
25% of calculated blood volume (30 
minutes), the mean arterial hemato- 
crit reading had fallen 11% from the 
base line, which was considered as 
100%. During the subsequent 30 min- 
utes, a further drop of 4% occurred to 
a level of 15% less than base line. The 
mean hematocrit reading remained 
stable for the next three hours and 
then fell an additional 2% to a level of 
17% less than base line at six hours. 
The means and standard deviations 
for hematocrit readings at various 
times in these dogs are recorded in 
the Table and depicted graphically in — 
Fig 2. Total urine output for the six 
hours ranged from 21 to 24 ml witha 
median of 22.5 ml. Arterial hemato- 
crit reading was determined at 24 
hours in these dogs and the mean de- 
crease in arterial hematocrit reading 
at 24 hours was —29%. 

Group 3: Crystalloid Infusion Only.— 


Arterial Hematocrit Reading/Cowen et al 57 


a ae Aik 
=- i T ù A 
nae i <3 é 


™ Ti 24 Pin x 
A A 


cA Lee OE kee. 


oy) Saar 
| a x 


+ 


4. 


de Wet 


The arterial hematocrit reading in 
these dogs remained stable during 
the one hour before the infusion of 
0.9% sodium chloride solution was 
begun. The hematocrit level fell 
promptly with the infusion. After one 
hour of infusion, when a volume equal 
to 50% of estimated blood volume had 
been infused, the mean hematocrit 
reading had fallen 17% from base line 
considered as 100%. During the sec- 
ond hour of infusion, when the rate of 
infusion was slower and only an addi- 
tional 25% of estimated original blood 
volume was infused, the mean hemato- 
crit reading first rose slightly to 14% 
less than base line and then at the 
end of the hour again fell to 16% less 
than base line. During the three hours 
following completion of the infusion, 
the mean hematocrit reading rose to 
a level of 9% less than base line. The 
Student ¢ test was determined for the 
difference in the fall in mean arterial 
hematocrit level at the completion of 
the infusion (three hours) (—16%) and 
at six hours (—9%) and is 0.827, which 
is not significant at the 0.05 level. The 
means and standard deviations for 
hematocrit readings in these six dogs 
are recorded in the Table and de- 
picted graphically in Fig 2. 

The total urinary output in these 
dogs over six hours ranged from 102 
ml to 375 ml with a median output of 
275 ml. This urinary output is in con- 
trast to a volume of infused 0.9% so- 
dium chloride solution, which ranged 
from 1,089 ml to 2,424 ml with a me- 
dian infusion of 1,755 ml. 

The percent change in mean hem- 
atocrit level after two and three 
hours from base line, which would 
have occurred if the entire infused 
solution was equally distributed 
throughout the extracellular fluid 
space, was calculated. The extracellu- 
lar fluid space was considered to rep- 
resent 25% of body weight in kilo- 
grams. These calculations indicated 
that the predicted mean arterial 
hematocrit reading after two hours 
would have been 9% less than base 
line if the solution administered to 
that time was equally distributed 
throughout the extracellular space. 
The actual observed change in hemato- 
crit reading was —17%. After three 
hours the calculated mean hematocrit 
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Fig 2.—Means and standard deviations of serial mean arterial hematocrit levels following 
hemorrhage, infusion of 0.9% sodium chloride solution, hemorrhage and saline infusion, 
and intraperitoneal hemorrhage. 
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Fig 3.—Serial changes in mean arterial 
hematocrit reading with hemorrhage alone 
and saline infusion alone are contrasted. 
Decrease in mean arterial hematocrit read- 

ong wit? infusion of 75% of blood volume as 
0.9% sodium chieride solution is equal to 
that following hemorrhage of 25% of blood 
volume. 
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Fig 4.—Serial changes in mean arterial 
hematocrit reading with hemorrhage of 25% 
‘blood volume a'one and when such hemor- 
rhage is followed by infusion of 0.9% so- 
dium chloride satution in a volume equiva- 
len? to 75% blood volume. 


Fig 5.—Observed serial changes in mean 
arterial hematocrit seading with hemor- 
rhage (25% blood volume) and subsequent 
infusion of 0.9% sodium chloride solution 
(75% bicod volume) eontrasted with calcu- 
lated curve for ehanges observed with hem- 
orrhage alone (group 2) and saline infusion 
alone (group 3). Curves are essentially iden- 
tical. 
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reading would be 18% less than base 
line if the solution administered to 
that time was equally distributed 
through the calculated extracellular 
space. The actual mean arterial hem- 
atocrit reading was 16% less than 
base line. 

The subsequent rise in mean hem- 
atocrit level over the three hours fol- 
lowing completion of the infusion re- 
sulted in a final mean hematocrit 
reading of —9% of base line as com- 
pared to a predicted mean hematocrit 
of —13% if the infused solution was 
equally distributed throughout the 
calculated extracellular space and if 
there was not significant other loss of 
extracellular water during this time. 
The difference between these two val- 
ues cannot be explained on the basis 
of urine output, which amounted to a 
mean of 257 ml over the six hours. 
The contrasting curves for serial 
changes in mean hematocrit reading 
with hemorrhage alone and infusion 
of sodium chloride solution alone are 
depicted in Fig 3. 

Group 4: Hemorrhage and Crystalloid 
Infusion.—When the infusion of 0.9% 
sodium chloride solution was initiated 
following hemorrhage, the fall in 
mean arterial hematocrit reading was 
markedly accentuated. The mean hem- 
atocrit reading had fallen to 36% less 
than base line by the completion of 
the infusion. As in the case of infu- 
sion alone (group 3), the mean hema- 
tocrit reading rose during the three 
hours following completion of the in- 
fusion. The level at the end of these 


Fig 6.—Serial changes in mean arterial 
hematocrit reading with ‘intraperitoneal 
hemorrhage” and simultaneous determi- 
nations of mean hematocrit reading of ‘‘in- 
traperitoneal’’ blood. 
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three hours was 21% less than base 
line. The Student t test was deter- 
mined for the difference after three 
hours (—36%) and six hours (—21%) 
and is 1.84, whichis not significant at 
the 0.05 level. The means and stan- 
dard deviations for percent changes 
in hematocrit readings following 
hemorrhage and subsequent infusion 
of 0.9% sodium chloride are recorded 
in the Table and depicted graphically 
in Fig 2. 

The total output of urine during six 
hours in these six dogs ranged from 
do. to 181 ml with a median output of 
120 ml. The volume of 0.9% sodium 
chloride solution infused ranged from 
1,215 ml to 1,395 ml with a median in- 
fusion of 1,292 ml. The contrasting 
curves for serial changes in mean 
hematocrit reading in dogs with hem- 
orrhage alone and with hemorrhage 
and subsequent infusion of 0.9% so- 
dium chloride solution are depicted in 
Fig 4. 

The curve for observed change in 
hematocrit reading with hemorrhage 
and infusion was compared with a 
calculated curve, which artificially 
combined the changes with hemor- 
rhage only (group 2) and with infu- 
sion only (group 3). The result, as de- 
picted in Fig 5, reveals that the two 
curves are almost identical. 

Group 5: Intraperitoneal Hemor- 
rhage.—The percent changes in mean 
arterial hematocrit reading from base 
line were almost identical when the 
blood was immediately placed in the 
peritoneal cavity, simulating an in- 
traperitoneal hemorrhage, and with 
external hemorrhage (group 2). The 
means and standard deviations for 
serial mean arterial hematocrit read- 
ings in these animals with intraperi- 
toneal hemorrhage are recorded in 
the Table. The percent changes in 
mean arterial hematocrit reading are 
depicted in Fig 6 and are contrasted 
with simultaneous determination of 
the mean hematocrit reading of the 
intraperitoneal blood. The latter de- 
terminations revealed that the in- 
traperitoneal mean hematocrit level 
was consistently higher than the 
mean arterial hematocrit level and 
remained at the level of the arterial 
hematocrit that was present at the 
completion of the hemorrhage. 
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Comment 


The hematocrit reading is the labo- 
ratory determination that is readily 
available to monitor the patient who 
has either experienced blood loss or 
who is under observation for contin- 
uing or suspected blood loss. The de- 
crease that occurs in the hematocrit 
level with hemorrhage is a result of 
transcapillary refill of the vascular 
space from the interstitial space, a 
process described by Starling.’ Fac- 
tors influencing the rate of trans- 
capillary refill include hydrostatic 
pressure in the capillary, plasma on- 
cotic pressure, and the rate and vol- 
ume of blood loss. Interpretation of 
the actual observed level of hemato- 
crit at a given time and of serial 
changes in hematocrit reading in a 
patient being monitored for known or 
suspected hemorrhage is a matter of 
considerable practical importance. 
The controlled studies in dogs re- 
ported in this paper were conducted 
in an attempt to further elucidate 
this matter. 

All studies were performed in dogs 
that had recuperated from splenec- 
tomy. The spleen of the dog has 
smooth muscle in its capsule, which 
permits contraction of the organ and, 
in essence, an autotransfusion follow- 
ing hemorrhage.t The model em- 
ployed consisted of an acute arterial 
hemorrhage, rather than hemorrhage 
to a mean level of decreased blood 
pressure, with continued withdrawal 
or reinfusion of blood to maintain 
this level of hypotension.’ Therefore, 
it was important that the spleen be 
removed prior to the experiments. 
That the hemorrhage induced was of 
major magnitude is attested to by the 
fact that six dogs died within six 
hours of the hemorrhage. Hematocrit 
readings were determined on speci- 
mens of arterial blood. Results of 
these determinations are assumed to 
be comparable to the central venous 
hematocrit reading.’ It is acknowl- 
edged that the arterial hematocrit 
reading obtained from an axially 
placed arterial catheter may not re- 
flect whole body hematocrit level. 

Several specific questions had 
arisen in the clinical environment 
with respect to interpretation of the 
hematocrit level in a patient being 
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monitored with respect to known or 
suspected hemorrhage, which pro- 
vided the basis for the design of these 
experiments. 


1. What is the rate of fall of the ar- 
terial hematocrit level in the early pe- 
riod following major acute hemor- 
rhage? 


Moore has studied the rate of 
transcapillary refill in human volun- 
teers subjected to moderate acute 
venous hemorrhage.’ The rate of refill 
was variable, but was consistently 
most rapid immediately following the 
hemorrhage. It continued over sev- 
eral hours. 

The results of the present experi- 
ments indicate that, in the dog, the 
hematocrit level falls almost instan- 
taneously following acute massive ar- 
terial hemorrhage. Such a rapid rate 
of transcapillary refill in the dog has 
been previously reported.* By the 
time of completion of a hemorrhage 
of 25% of estimated blood volume 
over 30 minutes, the hematocrit read- 
ing has fallen 11% from base line 
level. A further slight fall oecurred 
over the next 30 minutes to —14% of 
base line. The hematocrit reading re- 
mained essentially stable at this level 
for the ensuing five hours. These ob- 
servations of extremely rapid trans- 
capillary refill in the dog are consis- 
tent with experience with casualties 
in Vietnam.’ This experience indi- 
cated that, with massive hemorrhage 
in man, refill may be very rapid and 
amount to as much as 1,000 ml/hr. 
These observations are also consis- 
tent with clinical experience at the 
Los Angeles County—University of 
Southern California Medical Center. 
Several previously healthy patients 
have been admitted in whom the cen- 
tral venous hematocrit reading was 
less than 15%/unit of blood volume 
shortly following massive hemor- 
rhage. 

The studies being reported do not 
provide precise data as to further 
changes that may occur subsequent to 
six hours. That further hemodilution 
occurs after the initial period of sta- 
bility, which lasted for up to six 
hours, is suggested by the fact that 
in dogs with hemorrhage alone the 
mean arterial hematocrit reading af- 


ter 24 hours was —29%. Ths delayed 
fall should be interpreted in relation 
to the estimated hemorrhage of 25% 
of blood volume. Urine output and 
evaporative loss were not documented 
after six hours. This renders precise 
interpretation of the hematocrit 
reading at 24 hours difficult 


2. To what extent does th2 percent 
fall in hematocrit reading the first 
few hours following major acute hem- 
orrhage reflect the percent of blood 
volume that has been shed? 


Moore” states that with smaller 
hemorrhage in humans, the percent, 
fall in hematocrit reading that is ob- 
served in the fully hemodiluted post- 
hemorrhage state is a direet reflec- 
tion of the percent blood volume shed. 
With moderate hemorrhage, the plas- 
ma volume initially overexpands to 
compensate for the decreased RBC 
mass and to restore total b.ood vol- 
ume to normal.’ With massiv2 hemor- 
rhage in humans, Moore’’ aas con- 
cluded that transcapillary refill may 
not initially restore volume to the 
prehemorrhage level and suggests 
that a corrective factor of 15% be em- 
ployed when considering the percent 
fall to a stable hematocrit reading as 
a reflection of the percent >f blood 
volume lost. 

The dogs in these experiments with 
a hemorrhage of a calculated 25% of 
blood volume stabilized after one hour 
with a hematocrit reading in the 
range of a decrease of 15% from base 
line. It is unlikely that th2 calcu- 
lations employed to estimate blood 
volume underestimated this volume. 
The blood volume was assumed to be 
10% of body weight. The fall in hem- 
atocrit reading could reflect incom- 
plete transcapillary refill by six hours. 
Even if refill were complete, zhe per- 
cent fall in hematocrit readinz would 
be slightly less than the percent blood 


volume lost. With a rapid rate of 


transcapillary refill, the hematocrit 
level of blood being lost would be pro- 
gressively lower as the hemorrhage 
progressed. Under these circum- 
stances, the percent fall in hematocrit 
reading after complete transcapillary 
refill would accurately reflect the ac- 
tual percent of blood volume lost 
only if the total blood volume lost was 
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withdrawn as ene bolus, and there 
was not further blood less. The loss of 
blood during hemorrhage, which had 
a progressively lower hematccrit level, 
would result in < percent fal to the fi- 
nal stabilized hematocrit reading af- 
ter complete transcapillary refill, 
which would underreflect the actual 
percent of blood volume losz. 


3. What is the effect of crystalloid 
infusion on the hematocriz reading 
with and without hemorrhage? 


Patients who have experienced ma- 
jor hemorrhage will frequently re- 
feiveeerystaliom infusion following 
hospitalization and until blood is 
available for transfusion. Patients in 
whom internal hemorrhage is sus- 
pected may receive crystalloid infu- 


sion while under observation. The iat- 


rogenie effects of such infusions have 
been studied in humans by Moore and 
associates." They concluded that fol- 
lowing hemorrhage and erystalloid 
infusion there was some delay in the 
relocation of mfused solution from 
the intravascu ar to the interstitial 
compartment. 

Our experiments predictably reveal 
that im the dog the infusien of 0.9% 
sodium chloride solution in a volume 
equal to 75% of calculated blood vol- 
ume over two hours results in a de- 
crease in hematocrit reading in the 
absence of blood loss. This would be 
approximately equivalent to the infu- 
sion of 3 to 4 liers of crystalloid solu- 
tion to a 70-kg patient. During the ac- 
tual period ef rapid imtravenous 
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infusion, the decrease in arterial 
hematocrit reading exceeded the de- 
crease in hematocrit reading one 
would have anticipated had the in- 
fused solution been immediately dis- 
tributed throughout extracellular 
fluid space, calculated as 25% of total 
body weight. This suggests that there 
was a transient retention of a portion 
of the infused solution in the vascular 
space. With completion of the infu- 
sion, there was a rise in hematocrit 
level, believed to be the result of de- 
layed relocation of the infused solu- 
tion from the intravascular to the in- 
terstitial space. The difference in 
mean arterial hematocrit reading at 
completion of the infusion and three 
hours later was not statistically sig- 
nificant. These observations reinforce 
the belief that a slight to moderate 
decrease in hematocrit level in pa- 
tients receiving an infusion of crys- 
talloid or who have received a large 
crystalloid infusion should be inter- 
preted with great caution in terms of 
a diagnosis of blood loss. 

When a similar infusion of 0.9% so- 
dium chloride solution was adminis- 
tered to dogs with prior major arte- 
rial hemorrhage, the effect on 
hematocrit reading of both hemor- 
rhage and crystalloid infusion was 
additive and essentially identical to 
the summation of changes with hem- 
orrhage alone or infusion alone. 
Stated otherwise, the iatrogenic ef- 
fect of the crystalloid infusion was 
apparently not modified by prior 
hemorrhage. 
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4. Does the rate and magnitude of 
change in arterial hematocrit reading 
differ with intraperitoneal hemor- 
rhage and external hemorrhage? 


When blood is shed into the peri- 
toneal cavity, the possibility would 
exist that either RBCs or plasma con- 
stituents could be absorbed across the 
peritoneum, a dialyzing membrane. 
Should such occur, there might be 
modification in the rate and magni- 
tude of change in the arterial hema- 
tocrit level. 

The curves for fall in arterial 
hematocrit reading in these experi- 
ments were essentially identical with 
“intraperitoneal hemorrhage” and 
with external hemorrhage. If water 
derived from intraperitoneal plasma 
was rapidly absorbed and a signifi- 
cant factor in accelerating the rate of 
transcapillary refill, the rate of fall in 
hematocrit reading might have been 
more rapid. 

The hematocrit level of the intra- 
peritoneal blood was consistently 
higher than the simultaneously deter- 
mined hematocrit level of arterial 
blood, and remained stable for six 
hours at essentially the same level as 
the arterial hematocrit at the conclu- 
sion of the hemorrhage. If plasma 
were rapidly absorbed from the in- 
traperitoneal blood, the hematocrit 
level of the intraperitoneal blood — 
should have risen. 
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Enterostomal Therapy 


John R. Benfield, MD; Evonne Fowler, RN, ET; 


Peter V. D. Barrett, MD, Los Angeles 


Enterostomal therapy (ET) is an allied 
health specialty that began in 1958. Cur- 
rently there are 198 certified therapists in 
uneven geographic distribution throughout 
the nation. There are five training centers, 
none of which is west of the Mississippi 
River. A clear trend toward the development 
of ET as a nursing specialty is evident, and 
there are signs suggesting that hospital- 
based, physician-supervised programs are 
growing in preference to independently prac- 
ticing therapists. The valuable and loyal sup- 
port and services of volunteer patient 
groups are essential to effective hospital- 
based ET programs. The development of an 
ET program in a 700-bed university teaching 
hospital has been described and a projection 
into the future has been made. 


De compassionate and knowl- 
edgeable physicians can only 
partially appreciate the impact of a 
new intestinal stoma upon patients. 
Certain historical facts suggest that 
the problems facing patients with in- 
testinal stomas have not been well 
handled by our profession. For ex- 
ample, medical school curricula have 
almost universally skirted the issue of 
the intestinal stoma. Similarly, nurs- 
ing curricula have tended to assume 
that knowledge concerning enterosto- 
mal care will occur by osmosis as 


nursing students and young gradu- 


ates encounter such patients. Results 
of this approach within medicine and 
nursing have been unsatisfactory. 
Therefore, patients have banded to- 
gether into groups, which have the 
care of intestinal stomas as their only 
common denominator. According to 
an oral communication in January 
1973 from Donald Binder, Executive 
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Director of the United Ostomy Asso- 
ciation, it has been estimated that 
there are currently at least 212 orga- 
nized groups of 12,000 patients with 
intestinal stomas. It has further been 
estimated that 86,000 new intestinal 
stomas are created annually in the 
United States,' and that there are 1 
million patients who are living with 
established intestinal stomas (D. 
Binder, oral communication, January 
1973). Even if one were to assume 
that many enterostomal patients are 
living in happy equilibrium, it is ob- 
vious there are also many who could 
benefit from professional enterosto- 
mal care. Our purpose is to trace the 
development of enterostomal therapy 
as a nursing specialty and to cescribe 
our own efforts in this regard ever the 
past year. 


Methods 


In April 1972, a registered head nurse 
(E.F.) was selected for six weeks of inten- 
sive training as an enterostomal therapist 
at the Cleveland Clinic. Upon her return to 
Harbor General Hospital, she began her 
totally hospital-based work as a nursing 
specialist with dual responsibility to the 
Director of Nursing and to the physicians 
directing the enterostomal therapy (ET) 
program. The first phase of her work was 
to assess available equipment anc supply 
resources relevant to ET. Within one week 
of her return, care to inpatients began. 
This consisted of daily rounds with con- 
comitant instruction to patients and the 
general nursing staff concerning contin- 
uing enterostomal care. 

In August 1972, two months fellowing 
the beginning of the ET program, an out- 
patient ET clinic was founded. Its profes- 
sional staffing consists of the therapist, a 
part-time social worker (who volunteers 
her services), a faculty physician, a surgi- 
cal resident, and a fellow in gastroenter- 
ology. Supporting staff consists of a secre- 
tary and nurse responsible for general 
nursing duties in an outpatient clinic. 

Inpatients and outpatients remain un- 
der the care of their primary or referring 
physicians, and care rendered by the ET 
clinic remains relevant to the intestinal 
stoma, unless a more extensive censulta- 


tion has been requested by the referring 
physician. Occasionally, appropriate sug- 
gestions relating to the patient’s total care 
are made, but only with and through the 
primary physician. Recommendétions and 
prescriptions concerning stomas are made 
directly to the patients, unless otherwise 
requested by the referring phys cian. 

Supervision for ET is provided through 
the physician participation in the out- 5 
patient activity, and by once weekly in- 
patient rounds wherein the entarostomal 
therapist presents her patients tc a faculty 
member. These rounds are educational for 
all concerned, including the patients. 

Volunteers from groups suca as the 
Ileostomy Club and from among our own 
patients are encouraged and we.comed to 
aid in giving help to other patierts in con- 
vincing and relevant ways. Indeed, elective 
preoperative preparation always includes 
giving prospective enterostomy patients 
an opportunity for contact with appropri- 
ately selected volunteers. 


Results 


In the eight-month period since the 
beginning of the ET program, 154 pa- 
tients have been given care. They 
range in age from newborn to 85 
years, including ten patients in the 
pediatric age group. The types of 
stomas these patients have hed are as 
follows: colostomy, Ill; ileal conduit, 
20; ileostomy, 13; others, 10. Tae colos- 
tomies or ileal conduits were for uri- 
nary diversion primarily for cancer 
treatment. 

Acceptance of the ET program was 
immediate and there has been growth 
in the number of patients referred 
for care. For example, 15 new pa- 
tients were seen during tie first 
month of our program, end six 
months later 35 new patienis were 
seen. The mean current irpatient 
census of patients being seen regu- 
larly by the enterostomal therapist is 
14, ranging from 12 to 20 patients. 
We have found this range the max- 
imum number compatible wich good 
preoperative and postoperative care 
from the enterostomal therapist. The 
following patient’s care demonstrates 
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the role payed by the enterostomal 


therapist. 
Repert of a Case 


A 26-year-old weman was admitted to 
the hospital on May 2, 1972, compiaining of 
bloody diarrhea anc abdominal pain. Her 
chronic ulcerative elitis had been proved 
by sigmoidescopie examination and biopsy 
at another iospital over three years previ- 
ously, but she durstion of her symptoms 
indicated tat her disease almost certainly 
began about six years prior to admission to 
our hospital. Noneoerative management, 
including corticosteroid therapy, blood 
transfusiors, and psychiatric consultation, 
was unsuccessful in controlling her dis- 
ease, and zotal calecoomy with ileostomy 
was perfommed on May 16, 1972 
© The seam re=pended to requests for 
consultation frem the patient’s primary 
physician on tke sixth hospital day. He 
sought helə in prsparing the patient for 
the possibility of an ileostomy. Guided by 


the physiczans as te the desirable extent of “ 


consultatien at tha- time, the enterostomal 
therapist initially simply responded to 
questions that the patient raed. Daily 
visits were initiated, and at an appropriate 
time two volunteer leostomy patients of 
similar age and beekground were found by 
the ET clnie through the cooperation of 
the Ileostomy Clcb. Their visits proved 
very helpful te toe patient in that they 
gave her additional encouragement and 
confidence When t »ecame apparent that 
operation would be needed during this hos- 
pitalization, the erterostomal therapist 
and the strgeon together marked the opti- 
mal site for the ilsostomy with the patient 
in the standing amd sitting positions. The 
abdomina incisiom was planned so as to ac- 
commodate the needs of the stoma. The 
patient was instmeted specifically as to 
what she could expect after operation. On 
the first postoper=tive day, the enterosto- 
mal therapist plaeed an appropriate tem- 
porary ileostomy appliance and continued 
her daily visits. Her notes ir the chart 
from the third pestwperative day indicate 
the patiest was seginning to zake an ac- 
tive role in her own enterostomal care. The 
enterostomal therapist began discussion of 
the permanent acpliance with the patient 
on the ffth poscoperative day, and on 
the ninth day, a permanent appliance was 
fitted. Or the 12m postoperative day, the 
patient’s physical eondition was noted to 
be ready for her cischarge from the hospi- 
tal, but har discharge was delayed for two 
additional days a: the request of the psy- 
chiatric consultamt. The enterostomal ther- 
apist saw the pa-.ent immediazely prior to 
her hospital discharge on May 30, 1972. 
The pazient was seen in the ET clinic one 
month after disenarge from the hospital. 
She was nandline ker stoma well and still 
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wearing the permanent appliance, which 
had been fitted before hospital discharge. 
She was given a specific appointment for 
three months thereafter at which time she 
was discharged from the ET clinic. This 
patient was under the primary surgical 
care of one of the authors (J.R.B). Had she 
been under the care of another surgeon, 
the ET team would have taken care to re- 
spond to the desires of the referring physi- 
cian. 


Historical Data and Comment 


The idea of an outpatient enter- 
ostomal therapy clinic was conceived 
in 1953 by Lyons and Schreiber.? The 
concept of trained enterostomal ther- 
apists should be credited to Rupert 
Turnbull of the Cleveland Clinic. 
With his leadership, and that of 
Norma Gill, ET, the first formal ET 
training program began in 1961. Re- 
quirements for training programs 
and their curricula are available ac- 
cording to an oral communication 
from Henrene Honesty, President of 
the International Association for En- 
terostomal Therapy in January 1973, 
and we shall not attempt to summa- 
rize them here. Following the Cleve- 
land Clinic program, four other train- 
ing centers were established between 
1965 and 1972. The five existing cen- 
ters are now able to train 80 new 
therapists annually. A total of 198 
therapists have been certified to date. 
The geographical location and numer- 
ical distribution of 181 therapists, 
who were members of the Inter- 
national Association for Enterosto- 
mal Therapy (IAET) in August 1972, 
are shown in Fig 1 and the Table. 
In addition, there are 67 certified 
therapists. Most of these have be- 
come members of the IAET in recent 
months. To our knowledge, only one 
trained enterostomal therapist has 
left the profession in favor of an- 
other, or to return to a previous line 
of work. A few therapists are still re- 
quired by their institutions to func- 
tion in other capacities, but by far the 
majority are limiting their work to 
KT. 

The growth of ET is shown in Fig 
2. Note that the first formal training 
program began in 1961. The projec- 
tion for the future is based upon the 
following facts: (1) The existing ET 
schools are training 80 therapists an- 
nually. (2) There are 2,138 hospitals 
caring for the acutely ill in the 


United States that have more than — 
290 beds.’ They include 795 hospitals 
with 290 to 300 beds, 879 hospitals in 
the range from 300 to 600 beds, and 
464 hospitals in which there are more 
than 600 beds. 

If we assume that each hospital 
with over 290 beds needs one en- 
terostomal therapist, then 2,138 ther- 
apists are required now. If we further 
assume that hospitals larger than 600 
beds need two therapists, then 2,602 
enterostomal therapists are currently 
needed. Although this neither makes 
provision for the needs of consortia of 
smaller hospitals, which could share 
ET costs, nor does it consider the ET 
needs in settings that do not lend 
themselves to hospital-based pro- 
grams or the growing demand for ET 
services, we shall consider this the 
training goal by 1980. 

If we assume that one wishes to 
provide at least enough trained thera- 
pists to fulfill the training goal, then 
the minimum training deficit is 1,844. 
This is derived from the difference be- 
tween the current supply of enter- 
ostomal therapists (198), plus the an- 
ticipated yield of trained enterostomal 
therapists from existing schools 
(80/year X 7 years = 560), and the 
training goal of 2,602 therapists by 
1980. No estimates have been made 
either for the attrition rate among 
existing or newly trained enterosto- 
mal therapists, or for the increase in 
demand for this service, which will in- 
evitably come. 

The training deficit that we have 
projected is perhaps too conservative 
in that it does not consider the grow- 
ing demand for enterostomal thera- 
pists, which is evident among pa- 
tients with long-standing existing 
stomas. It also does not consider the 
growing numbers of operations that 
require temporary or permanent in- 
testinal stomas, and it ignores the 
fact that the geographic distribution 
of surgeons equipped to perform such 
operations is becoming more wide- 
spread. To counter these points, it 
could be argued that ET is a new spe- 
cialty and that three of the five 
schools have been started within the 
past two years, and that our assump- 
tion that every hospital with more 
than 290 beds needs an enterostomal 
therapist is not proved by general ex- 
perience. Such a line of reasoning 
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would demonstrate a distressing lack 
of insight into the nature and magni- 
tude of the problems encountered by 
enterostomal patients. Furthermore, 
the viewpoint that ET needs can be 
provided by practicing surgeons and 
physicians and their current allied 
health employees has been amply dis- 
proved by the experience of past dec- 
ades. We believe that our projection 
for the future is almost unrealisti- 
cally conservative, and that there 
would likely be a significant residual 
training deficit in 1980 even if our 
current goals were achieved. 

Sensitivity to the need and contri- 
butions of existing patient groups 
such as the United Ostomy Associa- 
tion is imperative. These groups and 
their dedicated leadership are effec- 
tive and generally responsible. They 
should be encouraged to function be- 
cause ET programs without them are 
incomplete. The relationship between 
patient groups and professional pro- 
grams benefits from continual rein- 
forcement in order to establish and 
maintain necessary mutual confi- 
dence. 

Human nature tends toward reluc- 
tance and conservatism regarding 
new concepts, particularly when they 
involve the introduction of specialists 
trained to do what others without 
special training were charged with 
previously. Hoping to eliminate 
threats, which might have been 
sensed by nursing and other allied 
health personnel, we selected one of 
our previously well-known and well- 
accepted nurses for special training 
as the enterostomal therapist. This 
required certain sacrifices on the part 
of the nursing staff and it would not 
have been possible without the en- 
lightened and whole-hearted support 
of our nursing director. Approxi- 
mately one year has elapsed since the 
therapist was selected and the choice 
appears to have been a sound one. 
Other nurses have not only welcomed 
the enterostomal therapist but they 
have actively sought instruction from 
her. Similarly, physicians at all levels 
of training, including faculty, have 
accepted the enterostomal therapist 
and they too have recognized and 
grasped the opportunity for learning 
in a previously dormant area. We be- 
lieve this rapid and complete accept- 
ance would not have been possible 
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Fig 1.—Therapists (131) shown as dots on map are members of 
the IAET. There are 67 additional certified therapists, most of whom 
are becoming members of IAET. Growth of ET as a certified spe- 


cialty. 


Distribution of IAET Enterostomal Therapists by States* 


Alabama 1 (1) 
Arkansas 1 (0) 
Arizona 5 (5) 
California 16 (4) 
Colorado 3 (3) 
Connecticut 1 (0) 
Dist. of Columbia 1 (1) 
Florida 3 (0) New Jersey 
Georgia 2 (2) New York 
Illinois 7 (5) Ohio 
Indiana 3 (2) Oregon 
Kentucky 3 (2) 

Subtotal 46 (25) 

Total 131 (63) 


Maine 
Maryland 


Michigan 
Minnesota 
Missouri 
Nebraska 


Massachusetts 


1 (1) Pennsylvania 18 (11) 
4 (3) Rhode Island 1 (0) 
6 (6) South Dakota 1 (0) 
9 (2) Tennessee 1 (0) 
3 (1) Texas 2 (0) 
1 (0) Utah 2 (2) 
2 (1) Vermont 1 (1) 
1 (0) Virginia i (0) 
12 (4) Washington 1 (0) 
15 (5) Montana 1 (1) 
1 (0) Hawaii 1 (0) 


55 (23) 39 (15) 





* Parenthetical numbers represent hospital-based therapists. 


had the enterostomal therapist been 
strange to our hospital, and we there- 
fore recommend that therapists 
should be selected from the nursing 
or allied health personnel of the insti- 
tution whenever possible. 
Enterostomal therapy has evolved 
through stages. Initially, most thera- 
pists were patients who sought train- 
ing in order to be able to respond to 
the needs of other patients. Then, 
increasing numbers of vocational 
nurses and registered nurses joined 
the ET ranks, and currently there ap- 
pears to be a clear trend toward reg- 
istered nurses becoming trained as 
therapists. We believe that trained, 
competent enterostomal therapists 
with less formal training than regis- 


tered nurses are fully worthy of sup- 
port and recognition. However, we 
also believe that the trend toward 
professional registered nurses assum- 
ing the enterostomal therapist role is 
a healthy one that will prevail be- 
cause the role of the ente7ostomal 
therapist so often requires psycholog- 
ical and medical insight not generally 
available to people with lesser train- 
ing. 

The enterostomal therapist needs 
to be sufficiently secure in her field to 
allow her to deal effectively with 
referring physicians as well as with 
patients, and also to allow he” to rec- 
ognize and admit her limitations 
without fear of losing esteem. There- 
fore, the training of enterostomal 
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NAAET Name Changed to IAET 


NAAE -North American Association of Enterostomal Therapists 


|AET-|nternational Association of Enterostomal Therapists 


Fig 2.—‘Training deficit” is calculated on the basis of known 
facts and assumptions given in the text. It appears that at least 
1,844 new therapists are needed within the next seven years in or- 
der to meet hospital needs alone. 


therapists should not be taken lightly 
and the inevitable temptation to 
abridge it must be resistec. Further- 
more, training programs without in- 
structors trained in teaching tech- 
niques and without active physician 
participation sre to be condemned, 
since the suecess of ET depends upon 
competence and maturity. 

Our emphas’s concerning the im- 
portance of well-structured, formal 
training programs should not be in- 
terpreted to mzan that we oppose in- 
service training. We define the latter 
as training given by the enterostomal 
therapist to people who render pa- 
tient care but do not intenc to become 
therapists. Such in-service training, 
particularly te other nurses and to 
nurses’ aides, s clearly a function of 
the enterostomal therapisz. It would 
be wasteful to have the enterostomal 
therapist assume responsibility for all 
the mechanics of day-to-day stomal 
care. The therapist should train nurs- 
ing generalists to the point where the 
enterostomal therapist can focus 
upon those aspects of care that de- 
mand her special background. 

We reeognize that our outpatient 
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ET clinic with its heavy physician 
participation is beyond the scope and 
requirements of most community hos- 
pitals and that one half of the thera- 
pists are currently not hospital-based. 
Our staffing pattern has been devel- 
oped to provide the dual advantages 
of instruction to physicians by the en- 
terostomal therapist and ready medi- 
cal consultation for the therapist with 
physicians. Despite the fine training 
and competence of our enterostomal 
therapist, there have been repeated 
instances where patient care has ben- 
efited significantly from the ease and 
regularity with which the enterosto- 
mal therapist can obtain consultation. 
We are therefore convinced that ET 
services should be closely related with 
physicians and that they should be 
hospital-based whenever possible. 
Extramural funding permitted the 
training of our enterostomal thera- 
pist, and administrative support has 
made possible the development of the 
program to the point where service is 
now available to our patients and to 
those who are sent to us in consulta- 
tion. However, like other hospital 
budgets, ours did not include an ET 
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program and funding for our pro- 
gram is therefore tenuous. To educate 
insurance carriers regarding ET, and 
to establish fair billing practices to 
make a service program self-support- 
ing takes time and more effort than is 
apparent. In our opinion, it is an error 
to start ET service programs with un- 
realistically low seed funding in the 
hope that programs will somehow 
flourish. The hospital-based enter- 
ostomal therapist needs to be assured 
of a salary commensurate with her 
training, and sufficient secretarial 
and auxiliary help needs to be pro- 
vided for a period of at least one year. 
In other words, granting agencies 
should have the courage and insight 
to recognize that a transient period of 
support for service is a legitimate in- 
vestment, which will eventually be- 
come self-supporting. 

The most certain thing about the 
future of ET is that it is here to stay. 
Based on our experience, we believe 
that every hospital caring for the 
acutely ill, which regularly has ten or 
more hospitalized patients with in- 
testinal stomas, can justify an ET 
program, and those that have 15 or 
more such patients with intestinal 
stomas need such a program. Out- 
patients with previously established 
intestinal stomas, and hospitalized 
patients in smaller hospitals also need 
ET attention. We hope that large hos- 
pitals will see this need and that 
small ones form consortia in which 
they share the services and costs of 
ET programs. Thereby, the general 
level of enterostomal care will be ele- 
vated from what it is currently to a 
level that is more acceptable to pa- 
tients and physicians. 

This investigation was supported in part by a 
grant-in-aid from the California Division of the 
American Cancer Society 

Olive Klump, RN; Rupert Turnbull, MD; and 
Norma Gill, ET, aided in the development of our 
program. 

The International Association for Enterosto- 


mal Therapy helped compile the data that have 
been presented. 
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Pulmonary Embolism 


An Appraisal of Therapy in 516 Cases 


Erich W. Pollak, MD; Frank C. Sparks, MD; Wiley F. Barker, MD, Los Angeles 


Of 458 patients treated with anti- 
coagulants after an initial pulmonary embo- 
lism, 92% survived as compared to 42% of 
the patients in whom anticoagulants were 
withheld because of medical contraindica- 
tions. Anticoagulation also lowered the inci- 
dence of recurrent pulmonary embolisms 
from 47% to 8%. Furthermore, the mortality 
among patients developing recurrent pulmo- 
nary embolisms was reduced from 55% to 
16%. These figures suggest that the indica- 
tions for anticoagulation should be extended 

_to some patients hitherto considered to have 
borderline indications. Fifty-seven patients 
had inferior vena cava ligation. There was 
one postoperative death, and only three pa- 
tients developed recurrent pulmonary embo- 
lisms. 


he significance and treatment 

of pulmonary embolism are still 

the object of controversy. Anti- 
coagulation and venous interruption 
are the most commonly used methods. 
Although in general it is accepted 
that anticoagulation is beneficial in 
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the treatment of pulmonary embo- 
lisms, controversy persists regarding 
its prophylactic use in surgical pa- 
tients, the choice of anticoagulant, its 
dose and schedule of delivery, and the 
optimal methods of monitoring the 
level of anticoagulation. 

Venous interruptions in the man- 
agement of pulmonary embolism 
have been performed surgically at 
different levels and with diverse tech- 
niques. 

The purpose of this report is two- 
fold: to evaluate the effectiveness and 
complications of anticoagulant ther- 
apy for pulmonary embolism, and to 
review the indications and results of 
inferior vena cava interruption. 


Methods 


The records of all cases of pulmonary 
embolism at UCLA and the Sepulveda VA 
hospitals from 1965 through 1971 were re- 
viewed. From an initial series of 620 cases, 
516 were selected which met at least two of 
the following criteria: (1) clear symptoms 
and signs compatible with pulmonary em- 
bolism, (2) abnormal lung scan, (3) abnor- 
mal arteriographic findings, and (4) abnor- 
mal autopsy findings. Untreated patients 
who died with the clinical diagnosis of pul- 
monary embolism, but in whom no autopsy 
was performed, were excluded. Likewise, 
autopsy cases, where pulmonary embolism 
was an incidental finding but not the major 


cause of death, were also excluced. 

Only 39 of the 516 patients hed massive 
pulmonary embolism causing sucden death 
before treatment could be instituted. With 
the exception of 19 who had medical con- 
traindications for anticoagulaticn, the re- 
maining 458 patients were all treated with 
anticoagulation for pulmonary embolism. 
Heparin sodium was used in 114 cases, an 
orally administered anticoagulart (usually 
warfarin sodium [Coumadin]) in 62 cases, 
and a combination of both in 257 cases. 


Results 


Patients Treated With Anti- 
coagulation.—The survival rate for the 
458 patients treated with anti- 
coagulation was 92%. Thirty patients 
died from the initial pulmorary em- 
bolism, six from recurrent pulmonary 
embolisms, and three from bleeding 
secondary to the anticoagulazion. Re- 
current pulmonary embolisms were 
detected in 37 patients (8%) while 
they were on anticoagulants. Six 
(16%) of these 37 patients died from 
the recurrent pulmonary embolism. 
In most of these patients, recurrent 
pulmonary embolisms appeared while 
the patient was adequately anti- 
coagulated, as measured by clotting 
times and prothrombin times. Fur- 
thermore, in two cases the recurrent 
pulmonary embolism occurred in pa- 
tients concomitantly bleeding due to 
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excessive anticoagulation. Thus, re- 
current pulmenary embolism may oc- 
cur despite optimal anticoagulation. 

Bleeding accurved in 74 cases (15%). 
Major blesding episodes severe 
enough to eguie blood transfusion 
or termination o anticoagulation 
therapy occarree in 49 cases (11%). 
Furthermore, three patients (0.6%) 
died as a direct 2omsequence of anti- 
coagulation therapr. 

Patients “ot Treated With Anti- 
coagulation.—_n 1£ patients, anti- 
coagulation was considered and was 
felt to be centraindicated for a vari- 
, gty of reasons including gastroin- 
testinal, vagina, er retroperitoneal 
bleeding, resent cerebrovascular acci- 
dent, recent operation, hepatic dys- 
function, amd labile hypertension. Re- 
current pulmonary embolisms were 
documentec im nine (47%) of these 19 
patients. Fixe (55%) of these nine pa- 
tients died ‘rom recurrent pulmonary 
embolisms, while three others died 
from the mitial pulmonary embo- 
lisms. Deaths cue to causes other 
than pulmonary embolisms were not 
included in these figures. 

Operative Mamagement.—Seventy 
patients had some form of inferior 
vena cava mcterruption, usually liga- 
tion (Table 1). Reeurrent pulmonary 
embolisms eecurvec in eight patients, 
more often feilewing procedures 
other than igat-om The overall mor- 
tality for these procedures was 4%. 
Inferior vena cawa ligation was asso- 
ciated with a mervality of less than 
2%. 

Recurrent pulmonary embolisms 
following caval imterrupticn origi- 
nated above the diaphragm in five of 
the eight cases n the remaining 
three cases, the erigin was in the 
inferior wena cava in two cases, one 
following a technical error during pli- 
cation and anether following dis- 
lodgement ef a Mosin-Uddin filter. In 
the third ease, the source was an 
ovarian vein. 

Sixteen prececures other than infe- 
rior vena ceva imterruption were per- 
formed in tis series. Femoral vein li- 
gation gave less rotection against 
recurrent pulmonary embolisms than 
caval intermpticn. Iliofemoral throm- 
bectomy far deep venous thrombosis 
was accompanied Fy a high incidence 
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Table 1.—Results of Inferior Vena 
Cava Interruption 


Recurrent 
PE 





Patients Death 


Ligation 57 
Clipping 10 
Plication 1 
Umbrella 2 













Table 2.—Recurrent Pulmonary 
Embolisms Following Procedures 
Other Than Inferior Vena 
Cava Interruption 


Femoral vein 
ligation 

lleofemoral 
thrombectomy 

Pulmonary 
embolectomy 


of recurrent thrombosis and recur- 
rent pulmonary embolisms (Table 2). 
Origin of the Pulmonary Embolism.— 
The site of origin of the pulmonary 
embolism was shown either by clinical 
or autopsy findings to be in the lower 
extremities in 189 patients (37%) and 
in pelvis and abdomen in 37 patients 
(7%). Less than 10% of the embolisms 
originated above the diaphragm, with 
the site of origin found to be in the 
upper extremities in 12 patients (2%) 
and in the chest in 38 patients (7%). 
In 248 patients (46%), the source was 
not found either at autopsy or by the 
physician attending the patient. 


Comment 


Anticoagulation therapy resulted 
in a significant reduction of both the 
incidence of and the mortality from 
recurrent pulmonary  embolisms. 
Whereas 47% of the patients who 
were not treated with anticoagula- 
tion developed recurrent pulmonary 
embolisms, only 8% of those treated 
with anticoagulants developed recur- 
rent pulmonary embolisms. Further- 
more, the mortality from recurrent 
pulmonary embolisms was lower in 
patients receiving anticoagulants 
(16%) than in those who had medical 
contraindication for anticoagulation 
(55%). 

Both orally administered anti- 
coagulants and heparin prevent the 













formation and propagation of 
thrombi. Heparin is thought to be 
more effective and has the advantage 
of providing an immediate anti- 
thrombotic effect. Anticoagulation 
does not prevent the fragmentation 
of a friable thrombus already present. 
This probably occurred in the two pa- 
tients in this study who developed 
pulmonary embolisms while bleeding 
from excessive anticoagulation. 

We could not compare the results of 
anticoagulation with heparin and 
warfarin because many different dos- 
ages and schedules were used by the 
many physicians involved, and be- 
cause heparin and warfarin were fre- 
quently used sequentially. Further- 
more, the patients who were more 
seriously ill were more frequently 
treated with heparin. However, the 
dosages were frequently smaller than 
those that we now use and recom- 
mend. 

Since the response to antico- 
agulants varies from patient to pa- 
tient, dosage should be individualized. 
We give both heparin and warfarin 
simultaneously from the first day of 
therapy. Adjusting the heparin dos- 
age to keep the clotting time two to 
three times normal or the activated 
partial thromboplastin more than two 
times normal usually protects the pa- 
tient from recurrent embolisms and 
bleeding secondary to the anti- 
coagulation. However, bleeding com- 
plications may occur even when these 
tests indicate satisfactory or subopti- 
mal anticoagulation.'” 

The simultaneous use of heparin 
and orally administered anticoagu- 
lants from the first day of therapy al- 
lows a smaller initial dose of the war- 
farin to be used, ie 10 mg warfarin 
per day. This avoids the increased 
risk of hemorrhage associated with 
larger loading doses.’ 

Special attention must be given 
when new drugs are added to the 
therapeutic regimen as they may po- 
tentiate or diminish the effects of the 
anticoagulants. Aspirin, chlorproma- 
zine hydrochloride, dipyridamole, and 
diphenhydramine hydrochloride de- 
crease platelet function and may 
cause bleeding when given with ther- 
apeutic doses of anticoagulants. Cer- 
tain antibiotics and antimetabolites, 
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sulfonamides, analgesics, hormones, 
amine oxidase inhibitors, and neuro- 
leptics may potentiate the effect of 
warfarin, while barbiturates, mep- 
robamate, diuretics, vitamin C, and 
other groups of hormones may retard 
the anticoagulation effect.’ 

Management of Patients With Con- 
traindication to Anticoagulation. —Man- 
agement of patients with possible 
medical contraindication for anti- 
coagulation is difficult. Their high 
mortality (42%) suggests that anti- 
coagulants should be used more often 
than in the past. The fact that a pa- 
tient has recently undergone an oper- 
ation is not an absolute contraindica- 
tion, as many operative procedures 
are done in the heparinized patient. 
Likewise, a minor bleeding episode, 
manifested, for instance, by guaiac- 
positive stools, should not be an indi- 
cation to stop anticoagulation ther- 
apy. If absolute contraindication for 
anticoagulation exists, there is strong 
reason to proceed with inferior vena 
cava interruption. 

Venous Interruption.—Inferior vena 
cava interruption is preferred to in- 
terruption of the venous flow at a 
lower level because it gives more pro- 
tection against recurrent pulmonary 
embolisms.°® 

We recommend that, in the pres- 
ence of ileofemoral thrombosis, pa- 
tients should have inferior vena cava 
interruption when they develop re- 
current pulmonary embolisms despite 
adequate anticoagulation therapy. 
Patients with pulmonary embolism 
from septic pelvic thrombophlebitis 
should have transperitoneal inferior 
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anticoagulants. Med Clin North Am 


68 Arch Surg/Vol 107, July 1973 


Beh he ok ee ee 


vena cava ligation and gonadal vein 
ligation.’ Inferior vena cava inter- 
ruption is also performed in patients 
with pulmonary embolisms and con- 
traindications for anticoagulation. 
Since pulmonary embolisms may 
originate from gonadal veins,* trans- 
peritoneal caval ligation with simul- 
taneous gonadal vein ligation is the 
procedure of choice, whenever practi- 
cal.’ 

We recommend interrupting the 
inferior vena cava in two other 
groups of patients: those at contin- 
uous risk of developing recurrent 
venous thrombosis and thus having a 
higher incidence of recurrent pulmo- 
nary embolism (ie, patients with can- 
cer of the pancreas, old deep venous 
disease, sepsis, and certain postopera- 
tive complications that will keep 
them at bedrest for prolonged peri- 
ods) and those who would have an 
extremely high mortality from recur- 
rent pulmonary embolisms (ie, pa- 
tients with congestive heart failure 
or recent myocardial infarction and 
patients who have had a massive life- 
threatening pulmonary embolism). 

The inferior vena cava should be in- 
terrupted when proper indications 
are present even if the site of origin 
of the embolism is unknown. Numer- 
ous autopsy studies with leg vein dis- 
section suggest that the majority of 
fatal pulmonary embolisms originate 
in the leg veins. To support this, less 
than 10% of the patients in the pres- 
ent series had embolisms unequiv- 
ocally originating above the dia- 
phragm. In 46% of the cases, the 
source of embolism was not. found. 
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We believe that patients should be 
anticoagulated after inferior vena 
cava interruption for the following 
reasons: (1) to treat the pr mary ileo- 
femoral thrombosis, (2) to treat any 
thrombosis above the site of inter- 
ruption or in the collateral ovarian 
veins which may continue to embo- 
lize, and (3) to prevent <hrombosis 
immediately proximal to the site of 
interruption. 

We have had additional 2xperience 
with the Mobin-Uddin filier in the 
past year and a half and believe that 
it does have a role in treating pa- 
tients who are too ill to tolerate an 
abdominal operation. To evoid com- 
plications, we believe that implanting 
one of these catheters shoald not be 
thought of as a minor procedure rele- 
gated to an inexperienced house offi- 
cer. It should not be attempted with- 
out adequate lighting and help, 
including a radiologist experienced in 
intracaval catheter manipulation, an 
anesthesiologist or nurse anesthetist, 
and a surgical assistant. 

A detailed discussion of zhe indica- 
tions and results of pulmonary embo- 
lectomy is beyond the scope of this ar- 
ticle. However, this procedare can be 
lifesaving in carefully se.ected pa- 
tients with arteriographically proved 
massive pulmonary embolisms who 
are in shock in spite of the vasopres- 
sors, anticoagulants, and other sup- 
port measures. 
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Hexachlorophene Concentrations 


in the Blood of 


Operating Room Personnel 


Concentration of hexachlorophene in the 
blood of operating room personnel who 
regularly scrub with hexachlorophene soap 
(Septisol) or hexachlorophene detergent 
(pHisoHex) was compared to levels in ran- 
domly chosen patients. Mean blood concen- 
tration of those scrubbing with hexachloro- 
phene detergent was seven times that of the 
patients. The concentration of hexachloro- 
phene among hexachlorophene soap users 
was twice the admission patient base line. 
The mean chronic hexachlorophene blood 
concentration among personnel using hex- 
achlorophene detergent was one sixth, and 
among those using hexachlorophene soap 
was one twentieth of the mean threshold of 
1.21 ppm reported to be associated with his- 
topathologic changes in the brain of rats. 

Operating room personnel who scrub with 
hexachlorophene soap can expect to have 
significantly lower hemic concentrations of 
hexachlorophene than exist among individ- 
uals who scrub with hexachlorophene deter- 
gent. 


Ae. recent orders'” of the Food 
and Drug Administration re- 
stricting the use of hexachlorophene 
as an antibacterial ingredient in 
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drugs and cosmetics have created 
considerable concern in the medical 
community. The safety and effec- 
tiveness of hexachlorophene had ap- 
peared to be firmly established from 
25 years of extensive “in use” experi- 
ence as a topical antiseptic, but 
recent studies by Kimbrough and 
Gaines’ have shown that large oral 
doses in animals produce neurotoxic 
effects. 

Historically, hexachlorophene was 
discovered in 1939 by W. S. Gump and 
patented by Givaudan in 1941.* The 
compound has been used extensively 
in soaps and detergents since the late 
1940s.° Most of the early research 
with this chemical concerns t1e eval- 
uation of antibacterial properzies and 
evidence over the past 25 years has 
indicated that hexachlorophere prod- 
ucts are both safe when used as di- 
rected and effective against the 
Gram-positive cocci that usually colo- 
nize normal skin.‘ 

However, in 1971, Kimbrough and 
Gaines*’ reported adverse effects ob- 
tained in feeding large quantities of 
hexachlorophene to animals. Trey fed 
rats 25 mg/kg/day and observed af- 
ter two weeks that the enimals 
showed weakness of the hinc limbs 
that progressed to paralysis in three 
to five weeks. Microscopic examina- 
tion showed vacuolization of the 
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white mater of the brain. It should 
be neted that the dese of hexachloro- 
phene used was ome half che acute 
oral ED.. for hexaeHlorophene in rats. 
In a subsequent experiment where 
hexachlorophene exposure for ten 
weeks was foliowec by a withdrawal 
period, the rats rezuined almost com- 
plete muscular famction within six 
weeks. 

Curley and Hawk fed rats 5 
mg/kg/dar for 25€ days. Fifty per- 
cent ef taeanimak developed mild fo- 
cal vacuelzation ef the white matter 
of the brain wita no overt central 
hervews system symptoms. The mean 
concentration ef hexachlorophene in 
the ood cf the rat: in this study was 
1.21 ppm. <:mbrough’ concluded that 
unnezessary use of concentrated hex- 
achlerophene preparations should be 
curtailed and residues in food prod- 
ucts should net be permitted. Curley 
and HawEk* reported a method for 
analyzing bocy flusds and tissues of 
expe"imental animals for hexachloro- 
phena ane studiec the hexachloro- 
phenz bloc] cencen rations in infants 
bathed daily with 3% hexachloro- 
phen= detergent mHisoHex). The 
initial comeentratia@ms of hexachloro- 
phena in blood rom the umbilical 
cord were 0.008 to 0.182 ppm (mean 
0.022 ppm and tke blood levels at the 
time of dsseharge from the hospital 
were 0.00€ to 0.64€ ppm (mean 0.109 
ppm. They eonduded thet infants 
washed wth 3% hexachlorephene de- 
tergent should be carefully rinsed. 

Evidence of intoxication from the 
misuse ef hexachlerophene products 
has been well documented in the liter- 
ature. These cases asually involve ei- 
ther oral administzation, application 
to denuded burns without rinsing, or 
applration tc beth normal and in- 
fected skin of infants without rins- 


ing. Wear et al ceseribec four pa- 


tients who crank 3S hexachlorophene 
detergent, which was mistaken for 
milk of magnesia. Toxic symptoms in- 
cludel anprexia, nausea, vomiting, 
abdominal eramps, and diarrhea but 
no n2urelegical symptoms occurred. 
Lustig” reverted am instance where a 
6-year-old chid ded after ingestion 
of hexaehwrophene detergent equal 
to 25@ mg/g of becy weight. Pilapil” 
reported mistaken administration of 
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hexachlorophene detergent to an in- 
fant equal to 37 mg/kg/day for a 
week, which resulted in spasms of the 
extremities, twitching of the face, 
and lateral shaking movements of the 
head. The child recovered. 

Toxic levels of hexachlorophene can 
be reached by absorption through 
denuded skin (burns, wounds) or 
through both normal and infected 
skin of infants especially if a 3% 
hexachlorophene detergent is used 
and is not rinsed off. Herter’ re- 
ported convulsions in an_ infant 
bathed with 3% hexachlorophene de- 
tergent that was not rinsed off. 
Another report indicated that mis- 
application of hexachlorophene prod- 
ucts to severely burned skin produced 
hemic concentrations of 15 to 30 ppm 
in infants and 75 ppm in adults. The 
results were reported in Medical 
World News (April 29, 1968, pp 25-26). 
Many of these examples of the misuse 
of hexachlorophene products result- 
ing in injury have been cited by 
Gump."” 

Although reports on acute toxic 
symptoms from misuse of hexachloro- 
phene products are well documented, 
there have been no reports of toxic ef- 
fects in groups of individuals using 
hexachlorophene products as directed 
by the manufacturer. 

This study was undertaken to pro- 
vide knowledge of the chronic hexa- 
chlorophene blood concentrations 
among operating room personnel who 
routinely use hexachlorophene prod- 
ucts as directed by the manufacturer. 


Materials and Methods 


General Methods.—This investigation 
was divided into two phases. The con- 
trolled phase of the study involved stan- 
dardization of as many factors as possible 
to obtain an ideal picture of blood levels 
from use of hexachlorophene products in 
accordance with the directions of the man- 
ufacturer. The uncontrolled phase involved 
measuring the concentrations of hexa- 
chlorophene in the blood of surgical per- 
sonnel who were using hexachlorophene 
products for preoperative cleansing of the 
hands and forearms: 

The control group consisted of 18 mon- 
medical personnel who were randomly di- 
vided into groups of six, with equal num- 
bers of men and women in each group. 
Each individual scrubbed three times a day 
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according to the product manufacturer’s 
directions. Six individuals scrubbed with 
0.25% hexachlorophene soap (Septisol), 
six with 3% hexachlorophene detergent 
(pHisoHex), and six with antiseptic foam 
(Septisol), a 0.23% hexachlorophene prod- 
uct with an ethyl alcohol base. 

Sampling Regimen.—During the con- 
trolled laboratory study of 18 nonmedical 
personnel, initial blood samples were 


drawn before exposure to the products un- 


der investigation to establish a base line of 
hexachlorophene in the blood. Participants 
were asked not to use any products on the 
skin that were not standard cosmetics, 
eliminating any unusual exposure to high- 
level hexachlorophene products not gener- 
ally available to the public. They were also 
restricted from hand creams containing 
hexachlorophene. Additional blood samples 
were taken after two, four, six, and eight 
weeks of hexachlorophene product expo- 
sure. A follow-up blood sample was taken 
two to three weeks after the end of the 
study to establish whether hexachloro- 
phene clearance back to the initial base 
line had occurred. 

In the uncontrolled in service hospital 
study, 18 surgical personnel who were 
regular users of each product (Septisol, 
pHisoHex) were sampled once, with the 
exception of five in each group who were 
resampled twice over an extended time pe- 
riod to determine whether fluctuations in 
the chronic hexachlorophene blood level oc- 
cur. 

Kighteen patients admitted to the hospi- 
tal had the concentration of hexachloro- 
phene in their blood measured in order to 
define, at least in part, the basal concen- 
tration to be expected in the general popu- 
lation. 

Scrub Procedures-Controlled Laboratory 
Study.—All subjects performed three surgi- 
cal scrubs per day, five days weekly, in ac- 
cordance with the manufacturer’s direc- 
tions for the product under evaluation. The 
first scrub was performed early in the 
morning, the second at midday, and the 
third in late afternoon. Surgical gloves 
were worn by all subjects for one hour af- 
ter each scrub. 

Hexachlorophene Soap (0.25%) (First 
Serub of Week).—(1) Wet hands and fore- 
arms, then apply 3 ml of scrub agent. (2) 
Massage and lather over the entire skin 
area with particular attention to the area 
around and between the fingers. (3) Rinse 
at approximately one-minute intervals. 
Reapply 3 ml of scrub agent and repeat 
lathering until four minutes have elapsed 
from the start. (4) The nails are now 
cleaned for two minutes under running 
water using a file or orange stick, allowing 
the lather to remain on the upper hands 
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and forearms during this period. (5) Rinse 
the hands and arms. (6) A second four- 
minute scrub is performed as above. (7) 
Rinse thoroughly with water. The total 
0.25% hexachlorophene soap used is 18 ml 
during ten minutes of exposure. 

All Subsequent Scrubs of Week.—Use 
the same procedure as steps 1 to 3 and 7 
above but the total elapsed time of scrub is 
two minutes with 6 ml of 0.25% hexachloro- 
phene soap. 

Hexachlorophene Detergent (3%). (First 
Scrub of Week).—(1) Wet hands and fore- 
arms and apply 2 ml of scrub agent. (2) 
Wash for 30 seconds, adding small 
amounts of water. Avoid washing off 
lather. (3) Clean under nails. (4) Rinse. (5) 
Apply 4 ml of surgical scrub agent and 
wash, while frequently adding small 
amounts of water for eight minutes. Rinse 
thoroughly with water. Six milliliters of 3% 
hexachlorophene detergent is used during 
an exposure interval of ten minutes. 

All Subsequent Scrubs of Week.—Use 
the same steps 1 to 4 above with a two- 
minute wash in step 5. Six milliliters of 
scrub detergent is used with a total scrub 
time of three minutes. 

Hexachlorophene (0.23%) in 46% Ethanol 
(Antiseptic Foam) (All Scrubs).—(1) A 
palmful of antiseptic foam (equivalent to 
4.5 ml of liquid) is dispensed into one hand 
and is spread onto both arms and hands 
and rubbed into the skin until dry (1 to 1% 
minutes). (2) A smaller second amount of 
antiseptic foam (equivalent to 1.8 ml liq- 
uid) is then dispensed into one hand and 
spread over both hands to the wrist and 
rubbed into the skin until dry (one-half 
to three-fourths minutes). Antiseptic foam 
in the amount of 6.3 ml is used during an 
exposure interval of 1% to 2 minutes. 

Scrub Procedures—In Service Hospital 
Study. (Hexachlorophene Soap and Deter- 
gent).—An unmeasured amount of hexa- 
chlorophene soap or detergent was dis- 
pensed from a sink-mounted, foot-oper- 
ated pump. During a ten-minute scrub 
hands and arms were lathered, rinsed, and 
relathered a number of times by cleaning 
of the fingernails with a sterile steel file 
and scrubbing of the arms and hands with 
two nylon scrub brushes. Hands and arms 
were rinsed thoroughly. 

Procedure for Drawing Blood Samples.— 
The blood samples throughout these stud- 
ies were taken on the morning of the last 
day of the work week before the first scrub 
of that day. If hexachlorophene rapidly 
penetrates the skin, one would expect fluc- 
tuations in blood hexachlorophene level 
during the work day that would introduce 
substantial and unnecessary variation in 
the hexachlorophene concentrations found. 
Fundamentally, this study seeks to define 
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Table 1.—Blood Hexachlorophene Levels Expressed as Parts per Million 
Under Controlled Conditions of Use | 


Individual / Follow- 
Sex Initial 2 Weeks 4 Weeks 6 Weeks 8 Weeks Up 
Hexachlorophene Soap (0.25%) 
1/F 0.01 0.00 0.07 0.08 0.05 0.04 





0.09 


Hexachlorophene Detergent (3%) 
1/F 0.02 0.00 0.36 0.15 0.09 0.03 
2/F 0.04 0.27 0.35 0.24 0.16 0.07 
3/F 0.15 0.31 0.61 0.30 0.24t 0.05 
4/M 0.01 0.15 0.20 0.05 0.08 0.01 
5/M 0.03 0.13 0.25 0.08 0.09 0.08 
6/M 0.01 0.17 0.21 0.16 0.19 0.03 
Mean* 0.04 0.17 0.33 0.16 0.14 0.05 
Antiseptic Foam (0.23%) 
1/F 0.01 0.08 0.09 0.10 0.09 0.01 
2/F 0.01 0.09 0.15 0.08 0.08 0.04 
3/F 0.11 0.15 0.23 0.12 0.09 0.04 
4/M 0.01 0.35 0.20 0.03 0.01 
5/M 0.01 0.58 0.15 0.05 0.05 0.01 
6/M 0.01 0.04 0.08 0.05 0.13 0.04 


0.15 
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0.05 



























0.05 0.06 0.04 









0.07 0.09 0.03 





* Total treatment means are as follows: hexachlorophene soap, 0.06 ppm; hexachloro- 
phene detergent, 0.20 ppm; antiseptic foam, 0.10 ppm. Means are significantly different 


(P <.05). 
t Seven-week reading. 


Table 2.—Mean Blood Hexachlorophene Levels in Male vs Female 
Subjects Under Controlled Conditions of Use* 


Hexachlorcphene 
Soap 
0.04 
0.07 
0.06 


Male 
Female 
Tota! 


Hexachlorophene, PPM 


Hexachlorophene 


Detergent 
0.15 
0.26 
0.20 





* Male vs female differences significant with pHisoHex (P <.05), others not significant. 


the basal concentration of hexachloro- 
phene in the blood of individuals who rou- 
tinely use hexachlorophene surgical scrub 
agents. Therefore, blood samples taken be- 
fore the first scrub of the day on the last 
scrub day of the week would be most fa- 
vorable in avoiding the transitory acute 
hexachlorophene levels while still yielding 
the chronic long-term hexachlorophene 
blood burden. 

Since all hexachlorophene must be ex- 
tracted from the skin at the bleod sam- 
pling site, all blood samples were taken 
from the arm by a registered medical tech- 
nologist by the following procedure: a two- 
inch circle around the sampling site was 
thoroughly scrubbed with a cotton ball sat- 
urated with acetone. This was repeated. 
Then the same area was thoroughly 


scrubbed twice with cotton balls saturated 
with ethyl alcohol. Then a 5-ml blood 
sample was withdrawn with a plastic dis- 
posable syringe, placed in a 7-ml potassium 
oxalate tube, and immediately refrig- 
erated in an ice bath. All samples were 
coded, using consecutive numbers, and 
were promptly shipped by air ir a sealed, 
insulated container packed in žce to the 
Center for Disease Control in Atlanta for 
hexachlorophene assay. 

Hexachlorophene Analysis.—All deter- 
minations were made by the <oxicology 
laboratory at the Center for Disease Con- 
trol, Atlanta. The method employed was 
that of Curley and Hawk* as modified by 
Ledlie (written communication. January 
1972). Briefly, 1 ml of blood was extracted 
with 4.0 ml of a mixture of diethyl ether 
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Mean leve! 
* Means signifcantly different (P <.05). 


and 99.5% ethamol (3:1). Extracts were 
methylated with diaz»methane in ether."® 
The extracts wer allied to react at least 
four hours at room temperature and meth- 
ylation products wer=purified using silica 
gel microeolumns by euantitatively trans- 
ferring the material rom the beakers to 
the columns using an n-hexane benzene 
mixture (1:1). 

Electron-eaptu'e, gss liquid chromatog- 
raphy (Varian 2:00) was done on a 0,25 
inch x 6 foot colamm of 3.0% SE-30 on an 
80/100 mesh, acd washed, dimethylchlo- 
rosilane treated hroraatographic support. 
The column and imector temperatures 
were 220 C and 225 C, respectively. Carrier 
gas (nitregen) flbw rate was 40 ml/min. 
Retention timeo: thethexachlorophene de- 
rivative was appro=imately five minutes. 
The minimum dtectable amount of the 
methylated derivative is approximately 8u 
vg in a 2ul injection. Results were ex- 
pressed as micrograms of hexacholoro- 
phene per gram of wuole blood (parts per 
million). 


Results and Comment 


The objective of the controlled labo- 
ratory phase of thi= investigation was 
to define the @neentration of hexa- 
chlorophene in the »ood following sub- 
acute exposure of a sample of the 
general populatien to hexachloro- 
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Table 3.—Bloec Hexachiorophene Levels in Randomly Selected Hospital 
Admission Patie-sS and Surgical Personnel Scrubbing With Hexachlorophene 
Seap ©.25%) and Hexochlorophene Detergent (3%) 





Admission Patienss Hexachlorophene Soap Detergent 
Hexacnioro- Hexachloro- Hexachloro- 
Individual phem= ppm Individual phene, ppm Individual phene, ppm 

1 0.07 1 0.04 1 0.85 

2 c.30 2 0.11 2 0.10 

3 c.30 3 0.12 3 0.13 
£ 0.04 4 0.08 4 0.08 

5 6.90 5 0.03 5 0.20 
6 0.90 6 0.08 6 0.23 
7 £2.30 7 0.03 7 0.36 
8 £230 8 0.05 8 0.09 
e9 629 9 0.07 9 0.24 
10 £0 10 0.03 10 0.05 
11 5.24 11 0.05 11 0.30 
12 530 12 0.07 12 0.27 
EB D42 13 0.07 13 0.15 
14 3.20 14 0.11 14 0.21 
15 3.20 15 0.10 15 0.08 
16 5.29 16 0.05 1 0.11 
I7 3.0 Si 4 0.07 17 0.17 
18 230 18 0.16 18 0.27 














Hexachlorophene 

















phene surgical scrub agents. These 
data could then be compared with the 
data from the in service phase of the 
investigation which would be ex- 
pected to contain a higher level of un- 
controlled variables. 

Table 1 shows the blood hexachloro- 
phene levels of subjects who scrubbed 
with hexachlorophene soap (0.25%). A 
total treatment mean of 0.06 ppm of 
hexachlorophene in the blood was ob- 
tained. This mean represents an aver- 


aging of the four sampling points un- 


der treatment (two, four, six, and 
eight weeks). The initial mean on this 
group before the start of the study 
was 0.02 ppm and the follow-up mean, 
two to three weeks after the end of 
the study, was 0.04 ppm of hexachlo- 
rophene. 

Similarly, blood hexachlorophene 
levels of the six individuals who 
scrubbed with hexachlorophene deter- 
gent (3%) are shown in Table 1. The 
total treatment mean was 0.20 ppm 
of hexachlorophene and the initial 
and follow-up means were 0.04 ppm 
and 0.05 ppm hexachlorophene in the 
blood, respectively. | 

The group using antiseptic foam 
(0.23%) exhibited a total treatment 


Table 4.—Blood Hexachlorophene 
Levels in Surgical Personnel 
Scrubbing With Hexachlorophene 
Soap or Hexachlorophene 
Detergent Sampled Periodically 
Over an Extended Time Interval 


Hexachlorophene, ppm 
Sample Sample Sample 
1 2 3 


Hexachlorophene soap users 
1 0.11 0.09 
2 0.10 0.13 
3 0.07 0.05 
4 0.08 0.07 
5 0.04 0.03 
Hexachlorophene detergent users 
1 0.17 0.11 0.08 
2 0.15 0.12 0.03 
3 0.30 0.23 0.17 
4 0.27 0.16 0.07 
5 0.26 0.12 0.09 









Individual ppm of 
Hexachlorophene 


Aliquot A B C D 


1 0.03 0.09 0.09 0.11 
0.01 0.07 0.08 0.11 
0.03 0.08 0.09 0.11 





















mean of 0.10 ppm hexachlorophene 
with initial and follow-up means of 
0.03 ppm and 0.03 ppm, respectively 
(Table 1). 

A t-comparison of the total treat- 
ment means for hexachlorophene 
soap, hexachlorophene detergent, and 
antiseptic foam showed significant 
differences at the 95% confidence level 
(P <.05). 

It is interesting to note that the 
mean initial blood hexachlorophene 
levels of all three groups (0.02 ppm to 
0.04 ppm) are comparable to those 
found by Curley and Hawk* (0.03 
ppm) in 14 subjects and Kennedy" 
(0.03 ppm) in 100 individuals from the 
general population. In addition, the 
blood samples of the 18 hospital pa- 
tients in this study had a mean con- 
centration of hexachlorophene of 0.03 
ppm. 

The follow-up blood samples taken 
two to three weeks after termination 
of product exposure indicated rapid 
return to the initial background level. 
In this regard, Curley ʻand Hawk* 
have established a hexachlorophene 
termination half-life of ten hours in 
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the blood of rats fed 25 mg/kg/day 
for 55 days. 

We have no explanation for the ap- 
parent peaking of blood hexachloro- 
phene levels at the four-week interval 
in all three product groups, (Table 1) 
but believe that this may be an ana- 
lytical artifact since all four-week 
samples were analyzed on two con- 
secutive days. This reasoning is rein- 
forced by the fact that the two-, six-, 
and eight-week determinations in all 
three product groups fall on an ap- 
proximate plateau. This plateauing 
also provides evidence that hexa- 
chlorophene does not accumulate in 
the blood with continued use, but 
rather reaches a “steady state” condi- 
tion early in the exposure period 
whose level is determined by the 
hexachlorophene concentration in the 
product being used. 

The blood hexachlorophene concen- 
trations of these groups were further 
analyzed to determine whether there 
is sex biasing in the blood hexachloro- 
phene level (Table 2). In the group 
scrubbing with hexachlorophene soap 
and antiseptic foam, the difference in 
mean hexachlorophene level between 
women and men was not signifi- 
cantly different. In the group scrub- 
bing with hexachlorophene detergent, 
the 0.26 ppm level in women vs the 
0.15 ppm concentration in men was 
significantly different (P <.05). 

The objective of the in service hos- 
pital phase of this investigation was 
to evaluate the blood hexachlorophene 
concentrations of typical operating 


1. Antibacterial ingredients in drug and 
cosmetic products for repeated daily hu- 
man use. Fed Reg 37:219-220, 1972. 

2. Hexachlorophene as a component in 
drug and cosmetic products for human use. 
Fed Reg 37:160-164, 1972. 

3. Kimbrough R, Gaines G: Hexachloro- 
phene effects on the rat brain. Arch Envi- 
ron Health 23:114-118, 1971. 

4. Gump W: Dihydroxyhexachlorodi- 
phenylmethane and method producing 
pene: US Patent No. 2250480, July 29, 

5. Givaudan Bibliography, Sindar Cor- 
poration. G-11 (Hexachlorophene USP) An 
Annotated Bibliography. Technical Bulle- 
tin H-1. Givaudan Corporation, New York, 
1965. 

6. Rosebury T: Microorganisms In- 
digenous to Man. New York, McGraw-Hill, 


- 1962, pp 317-318. 
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room personnel, including physicians, 
residents, interns, and nurses under 
normal hospital conditions. 

A group of randomly selected pa- 
tients being admitted to the hospital 
had blood hexachlorophene levels de- 
termined in order to compare them 
with the initial concentrations in in- 
dividuals in the controlled laboratory 
phase of this investigation and with 
the blood hexachlorophene concentra- 
tions of typical operating room per- 
sonnel. Eighteen individuals were 
sampled, consisting of 12 men and six 
women 18 to 74 years of age. None 
was receiving treatment for derma- 
tologic problems. Table 3 shəws the 
range of blood hexachlorophene levels 
of 0.00 ppm to 0.12 ppm with a mean 
level of 0.03 ppm. This concentration 
coincides with other investigations.™ * 

Eighteen operating room personnel 
who regularly scrubbed with hexachlo- 
rophene soap (0.25%) had bleod hex- 
achlorophene levels from 0.03 to 0.16 
ppm with a mean level of 0.07 ppm 
(Table 3). This level is only slightly 
greater than the mean level for the 
randomly selected persons being ad- 
mitted to the hospital. 

Similarly, 18 operating room per- 
sonnel who regularly use hexachloro- 
phene detergent (3%) had bleod con- 
centrations of 0.05 to 0.85 ppm with a 
mean level of 0.22 ppm (Table 3). This 
level was three times greater than 
that among individuals using hexa- 
chlorophene soap and seven times 
greater than the concentrations 
found in people from the general pop- 
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ulation (mean 0.03 ppm). 

A statistical comparisor of the 
means shows that the differences be- 
tween hexachlorophene blaod levels 
of patients being admitted to the 
hospital, surgical personnel using hex- 
achlorophene soap, and surgical per- 
sonnel using hexachlorophene deter- 
gent are significant (P <.05). 

In order to determine whether the 
base hexachlorophene blood level of 
surgical personnel varies with time, 
multiple blood samples were taken 
from five subjects in each group of 18 
using hexachlorophene soap and hex- 
achlorophene detergent over æ time 
interval of two to five montas (Table 
4). These individuals always used the 
product shown and scrubbed two to 
three times per operating day. Hex- 
achlorophene. soap users Fad rela- 
tively constant blood levels with a 
maximum variation in three samples 
of 0.03 ppm. Hexachlorophene deter- 
gent users had a much greater range 
of levels, with multiple samples vary- 
ing as much as 0.20 ppm. The cause 
for this wider variation is not appar- 
ent. 

The reproducibility of the mea- 
sured concentrations of hexachloro- 
phene in blood was tested by submit- 
ting multiple aliquots of single large 
blood samples from four individuals 
along with the regular samples for 
determination by the analysts at the 
Center for Disease Control. The 
amount of variation among analyses 
of the aliquots of the same samples is 
quite small (Table 5). 


in an infant. Am J Dis Child 111 333, 1966. 

14. Herter W: Hexachlorophere poison- 
ing. Kaiser Found Med Bull 7:228, 1959. 

15. Gump WS: Toxicological properties 
of hexachlorophene. J Soc Cosmetic Chem 
20:178-184, 1969. 

16. Stanley C: Derivatization of pesti- 
cide-related acids and phenols for gas 
chromatographic determination J Agric 
Food Chem 14:321, 1966. 

17. Kennedy G: Hexachlorophene Blood 
Concentrations in 100 Human Scbjects Re- 
port E 1098. Industrial Bio-Test Labora- 
tories. Chicago, 1972. 

18. Kennedy G, et al: Reversibility of ef- 
fects caused by hexachlorophene in the rat, 
in abstracts of papers for the 11th annual 
meeting of the Society of Towxicclogy, Wil- 
liamsburg, Va, 1972. 


Hexachlorophene Concentrations/Butcher et al 


The Surgical Secrub— 
Practical Consideration 


Ruth B Kundsim S-L, Carl W. Walter, MD, Boston 


Two scrubs were teseed and compared un- 
der simulated cordiiboes of use. The iodine 
preparation prodece4 a greater immediate 
reduction in bacteria -ount than the hexa- 
chlorophene preparatien; however, this ad- 
vantage was lost after one hour. The bacte- 
rial count inside tae gleves following the io- 
dine preparation inœeased after one hour 
and was higher than the count one hour fol- 
lowing *he hexacBlorophene preparation. 

Because gloves ame worn during surgery 
for perieds longer thar one hour, the choice 
of a scrub should bemade on the basis of a 
prolonged depressant &ffect on the microbial 
flora of the hand It is more appropriate to 
select a long-acting germicidal detergent 
than a single-stort germicidal detergent 
with dwindling residsæ effect. 


he immediate pestscrub reduction 
of the baeter-a flora of the hand 
is impertant ir assaying the efficacy 
of a scrub, but mer= important is the 
bactertlegic pepuation inside the 
moist interior of tae gloved hand. This 
study compares fw commonly used 
surgical scrubs. im their ability to re- 
duce the number of bacteria immedi- 
ately after scrub umd to maintain the 
reduced eount ‘or me hour. : 
Thirty higt scaool senior par- 
ticipams in a summer program for 
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gifted science students sponsored by 
the National Science Foundation vol- 
unteered as subjects. Twenty boys 
and ten girls aged 15 to 17 years par- 
ticipated, and of these, 26 used both 
scrubs. 


Materials and Methods 


The method consisted of a prescribed ex- 
posure to the preparation under test, using 
a prescribed number of strokes with a ny- 
lon bristled surgeon’s brush to skin sur- 
faces, nails, and the subungual spaces as 
outlined in the following scrubbing proce- 
dures: l 

Four-Minute Scrub (Hexachlorophene De- 
tergent [pHisoHex]).—(1) Wet hands and 
forearms; (2) apply about 2 ml of hexa- 
chlorophene detergent; (3) wash without 
brush for 30 seconds, adding small 
amounts of water to develop suds; (4) rinse 
under running water; (5) apply 2 ml of hex- 
achlorophene detergent to one hand: (6) 
scrub hand and wrist with brush for four 
minutes adding small amounts of water as 
required to develop suds. Pay special at- 
tention to fingernails and interdigital sur- 
faces; (7) rinse thoroughly under running 
water; (8) repeat procedure (steps 5 to 7 for 
other hand). 7 te 

Six-Minute Scrub (Povidone-Iodine [Beta- 
dine]).—(1) Wet hands and forearms; (2) 
apply 2.5 ml povidone-iodine to one hand; 
(3) without adding more water, scrub hand 
and wrist with brush for 2.5 minutes. Pay 
special attention to fingernails and inter- 
digital surfaces; (4) add small amount of 
water and develop suds for 30 seconds: (5) 
rinse thoroughly under running water; (6) 
repeat procedure (steps 2 to 5) for other 
hand; (7) Repeat entire procedure (steps 2 


to 5) for each hand separately. 

Nonmedicated soap was distributed to 
the students to be used exclusively for at 
least three days prior to the first test and 
for the week preceding the second test. 
Inactivators appropriate for each anti- 
bacterial agent were used in the glove 
juice technique. Sodium thiosulfate, 0.1% 
(w/v), was used to inactivate iodine and 
0.22% lecithin (w/v) with 1.55% (v/v) poly- 
sorbate 80 was used to inactivate the 
hexachlorophene. Initially, hands were 
washed with the nonmedicated soap to re- 
move transient flora, and then sterile 
gloves were put on. Gloves used had previ- 
ously been proven noninhibitory to Staphy- 
lococcus epidermidis. One-hundred millili- 
ters of sterile saline was then poured inside 
the gloves and the gloved hands were mas- 
saged for 15 seconds. Cultures made by 
sampling the liquid contained inside each 
glove while still on the hand constituted 
the prescrub bacterial count. Both hands 
were then scrubbed with the formulation 
under test. One-hundred milliliters of ster- 
ile saline containing the appropriate inac- 
tivator was poured into one gloved hand 
and massage was done prior to sampling; 
this was the immediate postscrub sample. 
Twenty minutes elapsed from the time the 
scrub was begun until the first postserub 
sample was secured. One hour following 
this initial culture, the other hand was 
sampled by a similar technique. This was 
the 60-minute postscrub sample. All cul- 
tures were made in duplicate, 1 ml of four 
dilutions (10°, 10-*, 10-*, and 10-*) of the 
fluid previously collected from the interior 
of the glove to ensure a good quantitative 
bacterial evaluation, as only plates con- 
taining between 30 and 300 bacterial col- 
onies were considered valid. 
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Results 


Figure 1 shows the results of the 
povidone-iodine scrub and Fig 2 the 
results of the hexachlorophene deter- 
gent scrub. With povidone-iodine, a 
sharp decline in bacterial counts was 
observed in the postscrub sample, but 
an increase was observed in most 
samples after one hour. A constant 
decrease was demonstrated in a ma- 
jority of the comparable data from 
hexachlorophene detergent slopes. 

Comparison of the median counts 
at all test times shows the same trend 
(Table 1). While the median of pre- 
scrub bacterial counts is very close in 
all tests (10°) the immediate postscrub 
count is lower for the povidone-iodine 
than for the hexachlorophene deter- 
gent. At one hour, the hexachloro- 
phene detergent counts had dropped 
two logarithms. The povidone-iodine 
count remained within one logarithm 
of the original prescrub counts in the 
males and rose in the females, indi- 
cating bacterial regeneration. 

An analysis was also made on the 
basis of ratios of organisms removed 
for each individual. The results are 
shown in Table 2. Initially, postscrub 
hexachlorophene detergent removed 
63% and 66% of skin bacteria from 
boys and girls respectively. After one 
hour the results of the percent of or- 
ganisms removed based on original 
prescrub counts were 96% for boys 
and 97% for girls. With povidone-io- 
dine the initial postscrub removal was 
88% for boys and 95% for girls. At one 
hour the percent removal was 89% for 
boys and 88% for girls. 

The conclusions drawn are that ini- 
tially povidone-iodine performs bet- 
ter in the immediate reduction of the 
bacterial flora of the hands, but inside 
the gloved hand after one hour, hex- 
achlorophene detergent has removed 
a significantly higher percent of bac- 
teria. This is due to regeneration of 
counts inside the gloved hands follow- 
ing povidone-iodine scrub. 

Gross et al' have reported mis- 
leading results using sodium thiosul- 
fate incorporated into a solid agar 
medium to inactivate iodine when 
testing a surgical scrub containing io- 
dine. The method used in this report 
consists of pouring 100 ml of sterile 
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Fig 1.—Bacterial counts prescrub, postscrub, and one hour after povidone-iodine scrub 


for each participant. 


Fig 2.—Bacterial counts prescruk, postscrub, and one hour after hexachlorophene deter- 


gent scrub for each participant. 
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Table 1.—Median of Total Bacterial Counts 
on Hands Following Surgical Scrub 


Hexachlorophene Detergent Povidone-lodine 
at ee eae rE i EN 
F (10) M (20) F (8) M (17) 
Prescrub 3 x 10° 3x o 4x 105 4x 10° 
Postscrub 6 x 104 8 x 104 8x 10° 4x10 
1 hr postscrub 3 xi 3x 10° 2 x 10° 2 x 10% 




















Table 2—ercent of Organisms Removed Following Surgical Scrub 





Hexachlorophene Detergent Povidone-lodine 
' aaa SSeS Ere ne) LL ea ON 
F €9) M (20) F (7) M (17) 


followimg 
crub 65 63 95 88 
scrub g7 96 88 89 
Table >—Staphylococcus Epidermidis Survival in Distilled Water 
and 0.1% Sodium Thiosulfate in Saline 


H,O, 100 ml 





saline wita @.7% sodium thiosulfate 
into each clove tested after the iodine 
scrub. To determine the validity of 
this methad, S midlermidis was delib- 
erately inecula-ed into 100 ml of ster- 
ile distilled wa-r end into 100 ml of 
0.1% sodium thsulfate in normal sa- 
line. Table 3 shcws the number of or- 
ganisms recovered ‘rom each solution 
at 0 time, 30 mmutes, and 6) minutes. 
Staphylocescus 2pidermidis was not 
inhibited by the sedium thicsulfate as 
used in our testing procedure. 


Comment 


A previeus study of gloves of the 
surgical team, following 250 oper- 
ations, has sacwn that the properly 
prepared hands o° the surgeon, with 
no dermatitis, sre not a hazard dur- 
ing surgery.’ Tæ skin preperation re- 
ported in the study consisted of an 
anatomie scrub wth hexachlorophene 
detergent followed by a quaternary, 
cetyl aleosol ad isopropanol rinse. 
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Organisms/ml 
0.1% Sodium Thiosulfate 
(100 ml) in Saline 
1,850 
1.900 
2,000 


(The hand rinse is formulated to se- 
cure a final concentration of 1:750 
benzalkonium chloride (Zephiran) and 
2.5% cetyl alcohol in 99% isopropanol. 
It is formulated as follows: ben- 
zalkonium chloride 17%, 37 ml; cetyl 
alcohol, 12 gm; and isopropanol 99% 
sufficient quantity to make 480 ml.) 
The cultures were done on gloves re- 
moved from the hands immediately 
following the surgical procedure. 

The cultures in the present study 
were done on the gloved hands. Saline 
with neutralizer was poured into the 
glove while still on the hand. 

Results with both the empty gloves 
and the gloved hand technique are 
comparable. In the previous study,’ 
student nurses wore gloves for 2 
hours following a 30 second hexa- 


_ chlorophene detergent wash resulting 


in 93% removal of bacteria. These 


gloves were removed previous to cul- 


turing for both test and control 
counts. In the present study using the 


gloved hand technique as described 
by Michaud et al,’ a hexachlorophene 
detergent anatomic scrub resulted in 
97% bacterial removal after one hour 
following the scrub. 

Toxicity is always a consideration 
when products are intimate surface 
contactants. A sensitive and repro- 
ducible technique for determination 
of serum levels of hexachlorophene 
has shown that scrubbing hands and 
forearms with hexachlorophene de- 
tergent for ten minutes, five times a 
day, six days a week, for a total of 58 
days results in a plasma level of 0.05ug/ 
ml to 0.07yg/ml with no signs of tox- 
icity, according to a written commu- 
nication from Paul Herron and Ken- 
neth A. Pittman. Hexachlorophene is 
conjugated in the liver and excreted 
largely in the bile. Elimination half- 
life is two days.‘ There have been no 
reports of clinical toxicity when hex- 
achlorophene detergent has been used 
as directed. 

Iodine has been shown to cause thy- 
roid hyperplasia in animals. Signifi- 
cant increases in radioactivity of the 
thyroid glands were found when ra- 
dioactive povidone-iodine was applied 
to granulating areas comprising 25% 
of body surfaces in dogs.’ 


This study was supported by Winthrop Labo- 
ratories. 

Analysis methods were suggested by Jane 
Worcester, PhD, Harvard School of Public 
Health. 


References 


1. Gross A, Cofone L, Huff MB: Use of 
iodine inactivating et in surgical scrub 
eee Arch Sod Mh 175-178, 1973. 

2. Walter CW, Kundsin RB: The bacte- 
riologic stud of surgical gloves from 250 
operations. Suro Gynecol Obstet 129:949- 
952, 1969. 

3. Michaud RN, McGrath MB, Goss WA: 
Improved experimental model for measur- 
ing skin degerming activity on the human 
hand. Antimicrob Agents Chemother 2:8- 
15, 1972. 

4. Feldmann RJ, Maibach HI: Absorp- 
tion of some organic compounds through 
the skin in man. J Invest Dermatol 54:399- 
404, 1970 

5. Georgiade NG, Matton GE, von Kes- 
sel F: Facial burns. Plast Reconstr Surg 
29:648-657, 1962. 


Surgical Scrub/Kundsin & Walter 77 


78 


Arch Surg/Vol 107, July 1973 


Intraoperative Autotransfusion 


in Abdominal Aortic Resections 


Bruce J. Brener, MD; Jeffrey K. Ra:nes, PhD; 


Ten patients with abdominal aortic aneu- 
rysms and ten with aortoiliac occlusive dis- 
ease underwent aortic resections with use of 
intraoperative autotransfusion. Results were 
compared with 20 similar patients in whom 
conventional transfusion techniques were 
used. An average of 1.5 liters of blood was 
aspirated, filtered, and reinfused per patient; 
half of the patients received no homologous 
blood during surgery. Hematocrit evel fell, 
and free plasma hemoglobin was transiently 
elevated in all patients. Despite the-potential 
alterations in clotting factors and blood ele- 
ments, intraoperative autotransfusion ap- 
peared to be useful in providing a 1epatitis- 
free, readily available source of bloed during 
difficult aortic resections. 


| airs ta autotransfusion re- 
fers to the recovery, antico- 
agulation, filtration, and remfusion 
of blood lost at operation. This ap- 
pealing concept is not new. High- 
more’ is credited with first suggest- 
ing its use in 1874 while watching 
helplessly as one of his patients died 
from hemorrhage following child- 
birth. 

John Duncan? was the firs: to re- 
transfuse a patient’s own blood in 
1886 while caring for a man im shock 
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following a severe crushing injury to 
his thigh. Duncan quickly amputated 
the leg, drained its blood into a bow! 
filled with saline, and infused the so- 
lution into the femoral vein exposed 
in the amputation stump. Thirty 
years later Johannes Theis’ showed 
that this procedure could be done 
safely with blood recovered from the 
peritoneal cavity, when he auto- 
transfused blood lost from a ruptured 
ectopic pregnancy. The technique was 
first used in the United States in 1917 
by Lockwood.t He removed a large 
spleen from a patient with Banti syn- 
drome, drained the blood from the 
specimen, and reinfused it into the 
patient. 

In these early attempts, sponging 
and ladling techniques were used for 
blood recovery. In 1925, Davis and 
Cushing® introduced a more con- 
venient blood collection system, em- 
ploying the Bernouilli effec: to pro- 
duce suction. They successfully 
performed a number of extensive 
neurosurgical procedures, reinfusing 
blood lost during operatiors. Since 
then, autotransfusion has b2en used 
during elective and emergen2y proce- 
dures and has become an integral 
part of open heart surgery.*” 

However, despite this extensive 
historical experience, the technique 
has not become a routine part of gen- 
eral surgical procedures. Taere are 
several reasons for this. First, the 


é 
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suction pressure used in most oper- 
ating rooms has been found to be in- 
jurious. to red cells. Second, the col- 
lection and delivery systems have 
been unwieldy and complicated, re- 
quiring defoaming mesh, centri- 
fuges, multiple reservoirs,’ or glass 
balls.” Third, effeccive filters have not 
been previously available. Fourth, 
many surgeons hav= felt that intra- 
vascular coagulatior may be initiated 
by activated dctting factors. 

A recent efort kas been made to 
solve these preblems by combining 
equipment initially designed for car- 
Qiopukmonary bypass, such as “coro- 
nary” suction tips, roller pumps, plas- 
tic cardiotomy reservoirs. silicone 
defoaming agents, and efficient fil- 
ters. Because of reent clinical’! and 
laboratory suceess:'* ° we have under- 
taken the present pilot study to eval- 
uate the use of this technique during 
elective abdominal aortic resections. 
This type of surgery is perticularly 
appropriate for intraoperative auto- 
transfusion fer three reascns. First, 
there is an oDbligetory, often pre- 
dictable bleod less:associated with the 
dissection of large dlood vessels and 
the preclotting and dushing of porous 
grafts. Seeond, systemic hepariniza- 
tion is often a routine practice. Third, 
operations take place in en uncon- 
taminated field This would seem to 
be an ideal clinical setting te evaluate 
the benefits and cangers of intra- 
operative autetranmsfusion. 


Materials and Methods 


From May turough September 1972, a 
total of 20 abdemimeal aortic resections 
were carried out with ese of intraoperative 
autotransfusion. The procedure was ex- 
plained to the patient before operation, 
and consent was obtained. Ten patients 
had aorticaneurysms, and ten had sympto- 
matic aortoiliac occlusive disease. Results 
in these patients were compared with a 
similar group of 20 pat ents operated on by 
the same surgeon (R.OWD.) during the same 
period and transfused with banked blood. 
These patients were not randomly dis- 
tributed to the two groups; nevertheless, 
for convenience the second group was des- 
ignated as “controls2’ 

Operative precedures were earried out 
according to pmineiples previously re- 
ported.’ These include (1) ccmplete re- 
section of abdominal aneurysms; (2) sys- 
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Fig 1.—Autotransfusion system. 


temic heparinization; (3) use of porous, 
loosely-knitted Dacron grafts; and (4) con- 
struction of end-to-end aortoprosthetic 
anastomoses in patients with occlusive dis- 
ease. In our experience, a stable blood vol- 
ume and hematocrit level result from an 
average rate of transfusion of 500 ml/hr of 
operative time. However, many surgeons 
use woven grafts, perform the proximal 
anastomoses in an end-to-side fashion, 
only partially resect aneurysms, or use no 
heparin sodium. These techniques result in 
somewhat less blood loss but may jes 
mise long-term results." 

Intraoperative autotransfusion was con- 
sidered when (1) blood loss of 1,000 to 3,000 
ml was expected; (2) difficulty in obtaining 
cross-matched blood was anticipated; (3) 
renal function was not grossly diminished 
(creatinine level less than 2 mg/100 ml). 
‘Since the limits of safety of this technique 
had not been established, these conserva- 
tive guidelines were set up. 

The apparatus used (Fig 1) was a modi- 
fied version of a commercially available 
system, the Bentley ATS-100. This con- 
sisted of a 4,5-inch roller pump, which pro- 
vided the suction for aspiration and posi- 
tive pressure for infusion. Blood was 
aspirated into a disposable plastic 1.5-liter 
reservoir that contained a defoaming 
agent and a 1204 nylon filter. A Swank 
Dacron wool filter with a 20u to 40p effec- 
tive pore size was added distal to the reser- 
voir to insure adequate filtration.'*-? The 
blood could be infused under pressure if 
desired through two standard transfusion 
lines. An aneroid gauge was installed to 
monitor pressure within the reservoir. This 
pressure was limited to 300 mm Hg by a 
variable bleed valve to avoid rupture of the 
reservoir, filter, or tubing. Connectors 


were incorporated so that blood samples 
could be drawn from three sites in the sys- 
tem—from the suction line and distal to 
each filter in the infusion line (Fig 1). 
Transducers were used to measure pres- 
sure losses across each filter. Instan- 
taneous blood flow rate in the infusion line 
was monitored with a cannulating electro- 
magnetic flow probe. 

The lines and reservoir were primed 
with 100 to 300 ml of Ringer lactate con- 
taining beef lung heparin, 500 units/100 
ml. One half of the patients received 100 
units of heparin sodium per kilogram of 
body weight prior to autotransfusion; the 
other half received 300 units/kg. A coro- 
nary suction tip was used and was fre- 
quently dipped into heparinized Ringer 
lactate to clear the suction line. Heparin 
was neutralized with protamine sulfate 
(1:1) after completion of the final anasto- 
mosis of the aortic bifurcation graft. 

Blood and urine analyses were obtained 
prior to, during, and following auto- 
transfusion, including hematocrit reading, 
white blood cell count, reticulocyte count, 
platelet count, partial thromboplastin 
time, prothrombin time, fibrinogen, plasma 
and urine free hemoglobin, serum iron and 
iron-binding capacity, amylase, creatinine 
and creatinine clearance, and urine os- 
molality. In addition, determinations of 
hematocrit, platelet count, plasma free he- 
moglobin, and fibrinogen were obtained, 
when appropriate, from the three sam- 
pling sites. Quantitative screen filtration 
pressure (QSFP), a technique described by 
Swank" to determine the presence of mi- 
croaggregates, was measured at the three 
sites, as well. This consisted of measuring 
the pressure that is required to force blood 
through a 20u filter at a standard infusion 
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rate. 

Volumes of blood and plasma that were 
transfused to both groups of patients dur- 
ing and following operation were com- 
pared. Two hundred and fifty milliliters of 
a commercial plasma protein solution, 250 
ml of fresh frozen plasma, and 100 ml of 
25% albumin were considered as “250 ml of 
plasma.” Hematocrit reading at discharge 
and changes in serum creatinine levels 
were also compared. 

Central venous and intra-arterial cathe- 
ters were inserted into all patients; contin- 
uous pressure measurements and frequent 
blood gases were determined, as well as in- 
traoperative and postoperative alveolar- 
arterial oxygen differences. Swan-Ganz 
pulmonary artery catheters were used in 
selected patients to monitor pulmonary ar- 
tery and wedge pressures and cardiac out- 
puts. Endotracheal intubation was rou- 
tinely continued throughout the first 18 to 
24 hours postoperatively. 


Results 


Mechanics.—The roller pump ro- 
tated at speeds up to 165 rpm. With 
the pump head producing total occlu- 
sion of the tubing, free suction tip 
pressure was a function of roller 
pump speed and varied from 0 to 100 
mm Hg negative pressure. At the 
usual operating speed of 65 rpm, the 
suction tip pressure was 30 mm Hg. 
However, when the suction tip was 
occluded by tissue or debris, the suc- 
tion pressure in the tubing rose to 
near one atmosphere (760 mm Hg). 
The aspirating capacity of the system 
was approximately 3 liters/min, and 
the infusion capacity at 300 mm Hg 
reservoir pressure using two 14- 
gauge short catheters in large veins 
was approximately 1 liter/min. Thus, 
under normal operating conditions, 
large volumes of blood could be aspi- 
rated and reinfused at relatively low 
suction pressures. 

Blood Salvage.—A reasonable at- 
tempt was made to collect all blood 
lost during the period of hepariniza- 
tion. The total volumes autotrans- 
fused are noted in the Table and de- 
picted in Fig 2. The range of auto- 
transfusion was 200 to 15,000 ml. 
Three patients lost less than 1,000 ml 
during their procedures; perhaps 
these patients could have been man- 
aged by plasma transfusions alone. 
One patient received 15 liters of auto- 
transfused blood during resection of a 
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* WB signifies whole blood; PC, packed cells. 


t Includes 500 ml WB previously donated. 


thoracico-abdominal aneurysm, pro- 
viding a dramatic illustration of the 
potential range of volume replace- 
ment possible. Excluding this patient, 
the mean autologous salvage for pa- 
tients with aneurysms was 1.6 liters 
and for patients with occlusive dis- 
ease was 1.2 liters. 

During each procedure a certain 
volume of blood could not be re- 
trieved. For example, about 100 ml of 
unheparinized blood was used to “‘pre- 
clot” the bifurcation grafts. Also, dur- 
ing some active bleeding periods, the 
standard operating room suction and 
sponges were used in addition to the 
coronary suction, since the latter did 
not always provide an unobscured 
view of the field. Finally, some blood 
was absorbed by the surgical drapes. 
As a result, an estimated 500 to 750 
ml of blood per procedure could not be 
salvaged. 

A consistent feature of auto- 
transfusion was a fall in hematocrit 
level, which often continued during 
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the early postoperative period. This 
finding was obscured in haf of the 
patients because homologous blood 
was given to correct this defect. As a 
result the average hematocrit read- 
ing at the time of discharge from the 
hospital for the control patients (Hct 
= 37%) was similar to the av2rage for 
those autotransfused patients who re- 
ceived banked blood (Het = 35%). 

Ten patients received ne banked 
blood intraoperatively, and seven re- 
ceived none during their entire post- 
operative course. The hematccrit level 
fell during surgery an average of six 
percentage points and continued to 
fall an additional four points. By the 
sixth postoperative day, it egan to 
rise, presumably as a resul= of iron 
therapy and associated reticulocytosis 
(Fig 3). Therefore, the average he- 
matocrit reading in this group was 
32%, somewhat lower than tke control 
group. However, these velues re- 
turned to preoperative leve's during 
the month following discharge. 
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Fig 2.—Average volume of blood and plasma transfused 
‘$ similar in beth control and autotransfused patients. 


Fig 3.—Left, Hematocrit determinations in ten autotransfused patients who received no 
banked blood intraoperatively (A-B). Asterisks indicate three patients subsequently trans- 
fused. Right, Average hematocrit fall during surgery and early postoperative course. 
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As shown in Fig 2, patients in the 
control and autotransfusion groups 
received similar amounts of plasma. 
Likewise, there were no significant 
differences in plasma transfusions be- 
tween those autotransfused patients 
who received banked blood and those 
who received none (Table). This sug- 
gests that the autotransfused blood 
provided adequate volume support 
during the operative procedures. 

Hemolysis.—The plasma free hemo- 
globin level was elevated at the con- 
clusion of autotransfusion in every 
patient. The range of these deter- 
minations was 50 to 600 mg/100 ml, 
with a mean of 175 mg/100 ml (Fig 4). 
One fourth of these patients had 
gross hemoglobinuria. High levels of 
free hemoglobin ranging from 496 to 
1,696 mg/100 ml were present in 
blood sampled from site 1 in the suc- 
tion line as shown in Fig 1. Thus, he- 
molysis appeared to be an integral 
part of the process of aspiration; how- 
ever, this hemoglobin was rapidly 
cleared. The level of plasma free he- 
moglobin was normal by the day af- 
ter surgery in all patients. Bilirubin 
determinations were also normal in 
all patients. 

Coagulation.—There were no un- 
usual bleeding complications in- 
traoperatively or postoperatively. In- 
creasing the dose of heparin sodium 
to 300 units/kg did not increase the 
amount of bleeding as long as the 
standard knitted Dacron grafts were 
used, adequate protamine was admin- 
istered, and surgical hemostasis was 
thorough. However, one patient 


Fig 4.—Plasma free hemoglobin deter- 
minations in autotransfused patients. 
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Fig 5.—Platelet count determinations in autotransfused patients. 


(Table, case 18) bled considerably 
through an adequately preclotted ul- 
tra-lightweight graft. As a result of 
this experience, we no longer use this 
type of prosthesis. 

There was no clinical or laboratory 
evidence of intravascular coagulation. 
Partial thromboplastin time, pro- 
thrombin time, and fibrinogen levels 
were normal in all patients at the 
completion of autotransfusion. How- 
ever, fibrin and platelets did accumu- 
late on the surfaces of the suction 
lines, reservoir, and filters when the 
lower dose of heparin was used. This 
extravascular clotting was eliminated 
by using the higher dose. 

Platelet counts remained normal in 
16 of the 20 patients (Fig 5). None of 
the four with counts under 150,000/ 
cu mm had significant postoperative 
bleeding, and all returned to normal 
by the day following surgery. The 
lowest value was 63,000/cu mm; this 
was associated with a massive trans- 
fusion of autologous and homologous 
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Fig 6.—Abnormal serum creatinine determinations in control and 


autotransfused patients (normal = 1.5 mg/100 ml). 


blood. 

Although the patients’ platelet 
counts were relatively normal, counts 
were reduced in the autotransfused 
blood. The average platelet values 
at the three sampling sites were 
165,000/cu mm, 153,000/cu mm, and 
107,000/cu mm, raising the possibility 
that this apparent fall is due to trap- 
ping by the filters. It is not clear from 
our data whether with higher auto- 
transfused volumes the cireulating 
numbers of platelets will fall to below 
clinically significant levels. 

Microaggregation.—Micropore fil- 
ters were inserted into the infusion 
lines to prevent embolization of fat, 
atheromatous debris, and platelet ag- 
gregates. Evidence of microemboli 
was sought in changes in blood gases, 
alveolar-arterial oxygen differences, 
and changes in quantitative screen 
filtration pressures. There was no de- 
monstrable pattern of change in arte- 
rial oxygen pressure measured every 
half hour during autotransfusion and 


every two to four hours during the 
evening following surgery. Alveolar- 
arterial oxygen differences were not 
significantly altered by autotrans- 
fusion. Although QSFP was markedly 
elevated in the suction lines (90 to 400 
mm Hg; normal = 50 mm Eg) it was 
reduced by passage through the two 
filters (50 to 60 mm Hg). 

Renal Function.—Transient minor 
decreases in creatinine clearance 
level commonly follow aortie surgery. 
Twelve patients (60%) in eech group 
continued to have normal renal func- 
tion during their entire hospital 
course. Slight but transient elevation 
of serum creatinine levels (over 1.5 
mg/100 ml) were noted in eight pa- 
tients in each group. As shown in Fig 
6, there appeared to be no clinically 
significant differences between the 
two. 


Comment 


From our pilot study it appeared 
that intraoperative autotransfusion 
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was a useful adjanct to the tradition- 
al management of hemorrhage. It 
was clear to both surgeons ard anes- 
thetists that- adequate circulatory vol- 
ume could be well-maintained in the 
face of a rather -arge or sudden blood 
loss. It provided a readily available, 
compatible, hepatitis-free scurce of 
blood. This experience confirms early 
enthusiastic reports of its use under 
emergency situations.*” 

From the point of view of elective 
vascular surgery, its principal use will 
probably be under circumstances in 
which moderate dloed loss can be ex- 
pectes® such as resection of large ab- 
dominal aneurysms, and in areas 
where hemologous bloed transfusions 
are diffieult to obtain or the risk of 
hepatitis is high. Fer exampls, 28,000 
elective abdominal aortic procedures 
and 5,000 emergency resections of ab- 
dominal aortic aneurysms are carried 
out in this country eadh year.** Many 
of these are per*ormed in small hospi- 
tals in which the drain on the blood 
bank can be prohibitive. 

Possibly the greatest potential use 
for autotransfusion will be in the 
management of trauma. Several cen- 
ters have begun studies to evaluate 
the efficacy of this technique. Prelimi- 
nary reports involving over 90 pa- 
tients indicate that the procedure can 
be life-saving, especially in the man- 
agement of vascular imjuries.' 

On the other hand, intraeperative 
autotramsiusion is enly one technique 


for efficiently utilizing autologous. 


blood. For exampie, Huggins’ has 
pioneered the use of previously do- 
nated and frozen red cells. Cthers?*-27 
have recommended reutine donation 
and storage of bood within three 
weeks of surgery. Finally, Hallowell 
et al suggest early intraoperative 
aspiration of 1 to 2 units of autolo- 
gous blood and reinfusion at the com- 
pletion of surgery. With a zombina- 
tion of techniques, it should be 
possible to perform many elective 
vascular procedures without the use 
of homologous bloed. 

Furthermore. the limits ef safety 
of this technique have not been estab- 
lished. In this study a smal. number 
of carefully selected patients were in- 
tensively studied. Modificat'ons such 
as suction tips, pressure gauges, and 
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filters were added to the system to in- 
sure the safety of the recipients. One 
person was assigned the task of man- 
aging the pump during each proce- 
dure. Although no serious complica- 
tions occurred in our series, four 
potential problem areas were uncov- 
ered: (1) hemolysis, (2) coagulation 
defects, (3) microembolism, and (4) 
air embolism. 

Some degree of hemolysis occurred 
in all of our patients. Early animal 
studies by Klebanoff et al" failed to 
show substantial hemolysis during 
autotransfusion from a controlled 
source of bleeding. However, subse- 
quent experiments under simulated 
operating conditions confirmed the 
observation that suction with use of a 
roller pump is somewhat injurious to 
red blood cells.: Of course, elevated 
levels of free hemoglobin are not un- 
common following open heart sur- 
gery. Furthermore, stroma-free he- 
moglobin solutions have been infused 
without substantial risk.® In our 
study, relatively small volumes of 
blood were autotransfused, hypoten- 
sion and acidosis were avoided, and 
hydration and filtration were ade- 
quate. As a result, there was no con- 
sistent relationship between the level 
of free hemoglobin and alteration of 
renal function. 

Presumably the major source of he- 
molysis was the trauma of suctioning 
at a liquid-air interface. As shown for 
cardiopulmonary bypass procedures, 
different types of materials, connec- 
tors, filters, siliconization, compres- 
sion, and defoaming have relatively 
minor effects compared with the 
mechanism of oxygenation and suc- 
tion.***? In the absence of supplemen- 
tary homologous transfusions, intra- 
operative autotransfusion was always 
associated with a fall in hematocrit 
level. Hemolysis accounts for a por- 
tion of this fall; plasma volume ex- 
pansion and inability to salvage all of 
the blood lost are probably important 
as well. However, quantitation of 
these three factors is difficult.” The 
continuing postoperative fall in he- 
matocrit level (Fig 3) deserves fur- 
ther study. Whether this is due to 
continuing hemolysis of sublethally 
injured cells** or to plasma volume 
changes is not clear. There is some 


evidence from chromium labeling 
studies that the reinfused cells have a 
normal life span.” Expanded hemato- 
logical studies including measure- 
ments of red cell mass are currently 
underway in our laboratory to test 
this hypothesis. 

There was no evidence of distur- 
bances in coagulation in our patients 
as estimated by routine screening 
tests. Others’? have documented the 
presence of disseminated intravascu- 
lar coagulation in severely injured pa- 
tients who were transfused with mas- 
sive volumes of autologous and 
homologous blood. Perhaps this com- 
plication was avoided in our patients 
because they received large doses of 
heparin or because only relatively 
small volumes were autotransfused. 
There was evidence of extravascular 
coagulation with the lower (100 
units/kg) dose of heparin. Gross clots 
and fibrin deposits in the tubing and 
filters, which were present with the 
lower dose, were completely elimi- 
nated by giving 300 units/kg. In- 
creasing the heparin dose did not ap- 
pear to increase the amount of 
intraoperative and postoperative 
bleeding. 

There was no clinical indication of 
embolization of platelet aggregates, 
atheromatous debris, or fat. Undoubt- 
edly, some of these substances were 
present in the suction line, as evi- 
denced by the markedly elevated 
quantitative screen filtration pres- 
sure. However, filtration appeared to 
be adequate as seen by reduction in 
QSFP, normal blood gases, and ab- 
sence of emboli on pathological exam- 
ination in one patient. 

The final problem—air embolism—is 
a hazard when pressurizing the reser- 
voir. At least two deaths in other 
series have resulted from this compli- 
cation.’? Several techniques have been 
proposed to avoid this. The Bentley 
apparatus is provided with a light 
sensitive photoelectric sensor that de- 
tects a fall in blood level in the reser- 
voir below 200 ml and triggers an au- 
dible alarm. However, with low 
heparin doses, the layer of thrombus 
that lines the reservoir allows the 
fluid level to fall without detection. 
Therefore, we have found it safer to 
ignore this alarm system. Although 
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we are developing and testing a de- 
vice that will markedly decrease the 
risk of air embolism, at present we 
feel it is important that a single per- 
son give his undivided attention to 
the operation of this machine. 
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Further evaluation of intraopera- 
tive autotransfusion is necessary be- 
fore firm conclusions as to its efficacy 
can be drawn. For example, it is un- 
likely that the technique will be nec- 
essary when expected blood loss is un- 
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“Aneurysm of the Renal Artery: A Vascular Reconstructive 
Fig 6 on page 441 was shown upside 


Decimal Placement Error.—In the article “Surgical Treatment of Morbid Obesity: Sixteen Years of 


Experience,” published in the A 
curred. In the first column on page 434, under “Weight Loss, 


"10.95 lb (4.98 kg),” not (49.3 kg). 
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pril ARCHIVES (106:432-437, 1973), an error in decimal placement oc- 
” the weight given in line 4 should be 
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Heterotopic Ossification in 


Abdominal Operation Scars 


évraf™m Eidelman, MB, ChB, Mordechai Waron, MD, Zerifin, Israel 


Five cases of heterotepic ossification in 
surgical abdemimel sears are described. No 
common etimlogac factors were observed. 
Possible cawsative facters are discussed. 
Combined sergery and irradiation are pro- 
posed as treatment of chaice in symptomatic 
cases. 


hile bone formation in various 

organs © a well known patho- 
logical phenomenen,' heterotopic os- 
sification ia operation scars has been 
a rare finding, and during the last 
two decades arly a few cases have 
been publi:hee in the Angio-Ameri- 
can literatare=~ This condition may 
cause severe pestoperative discomfort 
and often poses a therapeutic prob- 
lem beeaus= of its tendency for local 
recurrence. 

This repert summarizes our experi- 
ence with fve eases of heterotopic os- 
sification eaceraterec in our hospital 
during the ‘teur-year period 1967 
through 1971. 


Repo ef Cases 


CASE L—A 35-sear-old obese man suffer- 
ing from duodenal ulcer underwent, in 1967, 
pyloroplasty and wagetomy through a ver- 
tical midline ineision extending from the 
xyphoid prosese to belaw the umbilicus. 
His recovery was uneventful, the wound 
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healing by primary union. Four months af- 
ter the operation, he returned complaining 
of severe epigastric pain especially on 
bending down. Physical examination re- 
vealed a hard, flat, oval, subcutaneous mass 
measuring 8 x 5 cm attached to the tip of 
the xyphoid process. Results of laboratory 
examinations including complete blood cell 
count, urinalysis, blood urea nitrogen, se- 
rum creatinine, sodium, potassium, cal- 
cium, phosphorus, alkaline phosphatase, 
tubular reabsorption of phosphorus, and 
urinary calcium excretion were all within 
normal limits. X-ray film series of the up- 
per gastrointestinal tract showed normal 
postoperative appearance. Because of his 
disabling symptoms he was reoperated. An 
oval discoid bony mass unconnected to skin 
or peritoneum was found within the rectus 
sheath. Excision of the mass with partial 
xyphoidectomy was performed. Closure 
was attained without tension after suffi- 
cient mobilization of the rectus sheath. The 
wound healed by primary union, and the 
patient was discharged in good condition. 
Two months later he returned with marked 
aggravation of his former complaints and 
a local recurrence of the bony mass was 
found. Re-excision of the mass with the re- 
maining part of the xyphoid was per- 
formed and subsequently local irradiation 
with a total dose of 2,000 rads was admin- 
istered. The patient is well since, and al- 
though he complains occasionally of epi- 
gastric discomfort, no sign of local 
recurrence was observed. Histologic exam- 
ination of the excised masses showed on 
both occasions an identical picture of can- 
cellous bone enclosing marrow with active 
erythropoietic foci (Fig 1). 

_ CASE 2.—A sparely built man aged 50 
was operated on because of small bowel 
perforation due to blunt trauma. About 20 
cm of necrotic ileum was resected through 
a vertical median incision extending to the 





Fig 1.—Heterotopic ossification in scar 
(hematoxylin-eosin, original magnification 
x 125). 





Fig 2.—Tangential x-ray film of lower sec- 
tion of abdomen showing subcutaneous ex- 
traperitoneal bony plaque in operation scar 
(case 4). 


xyphoid. After the operation the patient 
was confined to his bed for three months 
due to a concomitant fractured left femur. 
Two months after discharge from the hos- 
pital he began to complain of epigastric 
pain especially while sitting and bending 
down. Physical examination showed a hard, 
elongated, tender mass in the operation 
scar, attached to the xyphoid process, mea- 
suring 13 x 2 cm. 

Results of laboratory investigations in- 
cluding serum calcium, phosphorus, and al- 
kaline phosphatase levels were within nor- 
mal limits. 

In view of our experience with the first 
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patient, the bony mass with the whole of 
the xyphoid process was excised, and 1,000 
rads of local irradiation was administered. 
During three years of follow-up the pa- 
tient has remained free of complaints, and 
there are no signs of recurrence. The histo- 
logic appearance of the ectopic bone was 
identical to that of case 1. 

Case 3.—An obese man aged 48 under- 
went a two-stage operation for recurrent 
infiltrating vesical carcinoma in January 
1971. At the first stage, ileal conduit uri- 
nary diversion was performed through a 
vertical midline incision extending from 
the umbilicus to the pubic symphysis. 
Twenty-seven days later total cystectomy 
was performed through the same incision, 
and a 10-cm long bony rib-like mass was 
found in the midline, deep to the rectus 
sheath. It was not connected to adjacent 
bony structures, or deeper tissues. The 
mass was excised, and postoperatively the 
patient received a total dose of 6,000 rads 
of pelvic irradiation. The patient is asymp- 
tomatic and during the 14% years of postop- 
erative follow-up has shown no signs of re- 
currence. The histologic picture of the 
lesion was identical with those of the pre- 
vious two cases. 

Case 4.—An obese man aged 60 years 
was admitted in 1969 because of hemate- 
mesis. X-ray film series of the upper gas- 
trointestinal tract revealed a sliding hi- 
atus hernia. Four years previously, he 
had undergone suprapubic prostatectomy 
through a vertical midline incision, and on 
present routine examination a hard elon- 
gated mobile mass was felt in the depths 
of the abdominal operation scar. X-ray ex- 
amination showed a rib-shaped bony mass 
10 em long, 1.5 em deep to the skin surface, 
and not connected to the pubis (Fig 2). Re- 
sults of blood analyses, including calcium, 
phosphorus, and alkaline phosphatase lev- 
els, were normal. 

The patient underwent vagotomy, py- 
loroplasty, and repair of the hiatus hernia 
through a vertical midline incision extend- 
ing from the xyphoid to the umbilicus. 
There were no complaints connected with 
the infraumbilical ectopic bone, and there- 
fore it was left untouched. It is noteworthy 
that during a three-year postoperative fol- 
low-up, there has been no sign of ossifi- 
cation in his epigastric operation scar, and 
the subumbilical heterotopic ossification 
remained asymptomatic. 

CasE 5.—A sparely built woman aged 58 
underwent partial gastrectomy for duode- 
nal ulcer in 1967, through a vertical midline 
incision extending from the umbilicus to 
the xyphoid. In 1971 she died suddenly fol- 
lowing myocardial infarction, and at post- 
mortem examination, an elongated bony 
mass was found in the old operation scar 
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yd 
within the rectus sheath. Histologic exami- 
nation demonstrated spongy bone enclos- 
ing active erythropoietic marrow between 
the bone trabeculae. Her medical record 
showed no complaints connected with the 
heterotopic epigastric bony mass. 


Comment 


All our patients had a midline ver- 
tical abdominal incision. This associa- 
tion of heterotopic bone with verti- 
cal incisions has been emphasized in 
all previously published reports.” 
Greater tension in closing the rectus 
sheath in vertical incisions as com- 
pared to transverse incisions has been 
suggested as a cause for heterotopic 
ossification of operation scars. Pre- 
dominance of the condition in men 
was also attributed to greater physi- 
cal activity and increased stress on 
the suture line. This hypothesis 
seems unlikely, especially as our sec- 
ond patient developed heterotopic os- 
sification in spite of prolonged re- 
cumbent immobilization after the 
operation. 

Four of our patients were men, and 
as far as we could ascertain, case 5 is 
the first ever described in a woman. 
The incidence of the condition is un- 
certain. The five patients described 
were seen during a four-year period 
in which 1,600 abdominal operations 
through a vertical midline incision 
were performed. As in previously re- 
ported series, in our cases too, the con- 
dition appeared during the first few 
months after operation and in patient 
3 developed within 27 days. None of 
our cases showed keloid formation or 
hypertrophic cutaneous scars. The 
cause of heterotopic bone fermation 
is unknown. The generally accepted 
mechanism is that of ectopic bone for- 
mation by local multipotent embry- 
onic connective-tissue cells,*’ al- 
though transposition of periosteal 
and perichondrial cells from adjacent 
bone and cartilage, and osteo-induc- 
tive potentialities of mucosal epithe- 
lium have also been implicated as 
possible causative factors. Further 
support for the local metaplasia hy- 
pothesis lies in the absence of hetero- 
topic bone after orthopedic operations 
on the extremities, in which massive 
local seeding of bony and cartilag- 
inous particles occurs. Tama’ de- 


scribed the condition in two brothers 
hinting at a possible constitutional or 
familial tendency. The latter assump- 
tion is not consistent with the clinical 
course in our patient 4 who developed 
heterotopic ossification in a subum- 
bilical midline scar while no bone for- 
mation in a subsequent epigastric in- 
cision was seen during three years of 
follow-up. 

In all our cases there was no clinical 
evidence of metabolic or endocrine 
disturbances. All five patients were 
operated on for widely differing pri- 
mary conditions, using different su- 
ture materials for abdominal cfosure 
(catgut, silk, cotton, and stainless 
steel). There was no apparent connec- 
tion between the type of operation or 
suture material and the tendency 
toward ossification. 

Combined surgical and irradiation 
therapy proved an effective treat- 
ment. Furthermore, in case 1, postop- 
erative irradiation appears to have 
been effective in preventing a second 
recurrence, while previous surgical 
extirpation alone had been followed 
by recurrence within a short period. 

Treatment is indicated in sympto- 
matic cases only and should consist of 
a wide excision of the ectopic bone in- 
cluding the adjacent bony structure 
and postoperative local irradiation in 
a dose of 1,000 to 2,000 rads. 
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Lateral T-Tube Duodenostomy 


Duodenal Stump Management and Manometrics 


Irving Dardik, MD; Herbert Dardik, MD; Edward Shumofsky, MD; 


Duodenal stump pressures were measured 
in 27 patients after Billroth II gastric resec- 
tion by lateral T-tube duodenostomy. No 
manometric differences were found under 
comparable situations for various types of 
gastric reconstructions. Equivalent rises in 
duodenal stump pressures occurred with 
maneuvers that increased intraperitoneal 


Jaa stump “blowouts” are as- 

sociated with difficult gastric re- 
sections, insecure duodenal closure, 
and pathologic changes of the duode- 
nal wall. The present article assesses 
what role, if any, the standard vari- 
ations of the Billroth II gastrectomy 
might have on duodenal stump pres- 
sures. Additionally, direct duodenal 
decompression is evaluated as a tech- 
nique to avoid stump leaks and blow- 
outs as well as to provide an alterna- 
tive to nasogastric suction. 


Methods and Materials 


Lateral T-tube duodenostomies were 
performed in 27 consecutive patients un- 
dergoing Billroth II gastrectomies. A rub- 
ber choledochostomy T-tube was inserted 
through a “stab” wound in the second por- 
tion of the duodenum and fixed with a 
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pressure as well as postcibal pressure. It is 
suggested that lateral T-tube duodenostomy 
may serve as an alternative to prolonged 
nasogastric intubation, obviating several of 
the complications associated with the latter. 
Additionally, this procedure enables decom- 
pression of the difficult duodenal stump or 
that where frank leakage has occurred. 


purse-string suture of 3-0 polyglycolic acid. 
The duodenal stump was then closed with 
3-0 polyglycolic acid as the inner Connel 
layer and interrupted 3-0 silk for the outer 
layer. A Penrose drain from the area and 
the intraduodenal T-tube were exteriorized 
through separate stab incisions in the ab- 
dominal wall. Gravity drainage was gener- 
ally used for the T-tube. In two instances 
intermittent suction was applied, once 
where necrotic particulate matter was 
noted in the drainage, and once where a 
small leak occurred after a difficult stump 
closure. 

Duodenal pressures were measured be- 
tween seven to ten days postoperatively by 
connecting the T-tube to a saline-filled 
manometer and a fluid source. All mea- 
surements (centimeters of saline) were 
performed with the patient in the supine 
position under the following conditions: 
resting control, Valsalva maneuver, cough- 
ing, external manual compression of the 
upper abdomen, postcibal, and high colonic 
enema. The midaxillary line served as the 
zero baseline. Three measurements were 
taken for each of the six conditions and the 
mean used as the obtained value. All pres- 
sures were correlated with the type of gas- 
tric reconstructions performed. The type 
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Valsalva 14.1 (7.0-28.0) 
18.0 (8.0-45.0) 
16.3 (6.0-24.0) 
15.0 (11.0-22.0) 


9.6 (7.0-14.0) 











Compression 
Postcibal 






Duodenal Stump Pressures* 


Type Pólya Hofmeister 
of Case Antecolic (9) Retrocolic (8) Antecolic (5) Retrocolic (5) 
7.4 (4.0-10.0) 9.5 (2.0-34.0) 7.8 (5.0-13.0) 4.6 (4.0-6.0) 


21.9 (8.0-39.0) 
17.0 (8.0-25.0) 
19.1 (7.5-42.0) 
20.1 (5.0-45.0) 
14.4 (5.0-55.0) 

















14.4 (8.0-20.0) 24.6 (15.0-44.0) 
21.0 (10.0-28.0) 25.6 (6.0-55.0) 
15.4 (9.5-19.5) 20.3 (5.0-37.0) 
13.3 (10.0-15.0) 11.7 (2.0-18.0) 
11.1 (9.0-16.0) 6.3 (2.0-9.0) 


























* The mean and range in centimeters of saline for the various reconstructions showed no 


statistically significant differences. 


of reconstruction was randomly decided 
upon to permit a comparison of pressure 
values. There were nine antecolic Pólya, 
eight retrocolic Pélya, five antecolic Hof- 
meister, and five retrocolic Hofmeister re- 
constructions. The indications for surgery 
were perforation in 15 patients, hemor- 
rhage in 6 patients, and intractability in 
the remaining 6 patients. 


Results 


The mean duodenal pressure for 
the various types of Billroth II recon- 
structions are summarized in the 
Table. It is apparent that in this 
series no significant differences in 
pressures are present in the duode- 
num for the various reconstructions 
measured under comparable condi- 
tions. 

Rises in the stump pressure did oc- 
cur in most instances with alterations 
in intraperitoneal pressure but were 
independent of the reconstruction. 
Our data do not permit interpretation 
of the observed rise in postcibal 
duodenal pressure, though increases 
in enteric motility, secretion, and 
mesenteric blood flow may have been 
responsible factors. Increases in in- 
tracolic pressure and volume did not 
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appear to affect the duodenal pres- 
sure, even in the antecolic reconstruc- 
tions. 

No serious complications in this 
series could be attributed to the lat- 
eral duodenostomy tubes. Difficulty in 
removing the tube at ten days postop- 
eratively occurred in two instances, 
but this was overcome by simply 
waiting an additional 48 hours for ex- 
traction. One patient, who underwent 
an antecolic Pélya reconstruction, 
continued to leak biliary material for 
almost two weeks following tube ex- 
traction. Closure of the lateral duode- 
nal fistula occurred spontaneously. 

Most patients in this series toler- 
ated early removal of the nasogastric 
tube, ie, within 24 to 36 hours postop- 
eratively. Fluids were then generally 
permitted. Two patients required 
reinstitution of nasogastric suction 
because of ileus and gastric dis- 
tension. Esophagitis was net noted, 
and only one patient developed bron- 
chopneumonia which responded read- 
ily to antibiotics and respiratory toi- 
let. 


Comment 


The merits and disadvantages of 
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particular types of gastric reeonstruc- 
tion have long been debated. Since 
one facet of this debate relates to the 
effectiveness of afferent lim> decom- 
pression, duodenal pressures are of 
interest. In our opinion, there is no 
difference in duodenal pressure with 
various gastric reconstruct:ve tech- 
niques. The duodenal pressure in- 
creases are comparable under similar 
conditions for antecolic or zetrocolic 
and Hofmeister or Pólya reconstruc- 
tions. 

The use of duodenostomy tubes is 
not novel, having been primarily de- 
scribed for use in difficult stumẸ clas 
sures.'> We feel that lateral T-tube 
duodenostomy provides an alterna- 
tive to prolonged nasogastriz suction. 
Complications such as esophagitis 
and pulmonary infection from re- 
gurgitation are very likely avoided. 

The techniques for lateral T-tube 
duodenostomy, as well as the actual 
manometric determinations, are ex- 
tremely simple and rapidly per- 
formed. No serious complications 
could be attributed to this ancillary 
procedure. In fact, in two instances it 
was felt that the presence of a tube to 
permit suction was decidedly advan- 
tageous. In one patient, necrotic ma- 
terial was aspirated that probably 
represented slough of the turned-in 
duodenal stump closure. In the second 
patient, a small stump leak was iden- 
tified by performing a contrast study 
via the duodenal T-tube. This was 
readily treated by again applying in- 
termittent suction. This comfirms the 
use of lateral T-tube duocenostomy 
for therapeutic decompression for po- 
tential or actual stump leakage fol- 
lowing difficult gastric resection or 
technical problems with the stump. 
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An instance of traumatic injury to the 
suprarenal inferior vena cava and aorta and 
subsequent development of two false aneu- 
rysms of the posterior wall of the abdominal 
aorta, compressing vena cava and renal ves- 
sels, causing renovascular hypertension, 
was treated successfully by two operations 


Peang wounds of the abdom- 
inal aorta, inferior vena cava, or 
both usually produce exsanguination 
immediately or after a brief period of 
tamponade. Rarely has there been 
long survival after the formation of 
false aneurysm resulting from a mis- 
sile or knife wound of the abdominal 
aorta.” Reports of the successful sur- 
gical management of traumatic aneu- 
rysms of the abdominal aorta are 
few, and, to our knowledge, only 
three previous cases secondary to 
penetrating injury have been re- 
ported in the English literature.” 
One of those developed two false an- 
eurysms of the supraceliac abdominal 
aorta. 

The patient sustained knife lacer- 
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38 days apart. Core cooling to 21 C, hypo- 
volemic circulatory arrest, and intraluminal 
balloon occlusion of aorta were used un- 
eventfully. To our knowledge, this is the sec- 
ond patient with two traumatic aneurysms 
of the abdominal aorta treated successfully 
by surgical management. 


ations of the suprarenal inferior vena 
cava and suprarenal abdominal aorta. 
Secondarily, he developed two false 
aneurysms at previously unrecog- 
nized sites of lacerations of the poste- 
rior wall of the aorta. He was treated 
successfully by open aortotomy and 
patch graft reinforcement of aortic 
lacerations while under hypothermic 
circulatory arrest. 


Report of a Case 


An 18-year-old man was admitted to the 
hospital from the emergency room on the 
night of July 24, 1972, with a stab wound of 
the abdomen sustained just prior to admis- 
sion. He was pale and restless, with blood 
pressure 90/60 mm Hg, heart rate of 100 
beats per minute, and respirations, 30 
breaths per minute. The head, neck, 
thorax, and extremities were normal. The 
abdomen had an irregular-shaped stab 
wound approximately 2.5 em in diameter 
in the right side of the epigastrium. There 
was diffuse tenderness and guarding 
throughout the abdomen. Gastric aspirate 
and urine specimens were negative for 
blood. Chest x-ray film was normal, and 
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Fig 1.—Lacerations of liver, gallbladder, vena cava, and aorta re- 
paired at first operation. Site of trauma in posterior wall of aorta, 
not discovered at first operation, are depicted. 


Fig 2.—Left, Retrograde abdominal aortogram, early phase, dem- 
onstrates two separate pseudoaneurysms. Pseudoaneurysm pro- 
jecting to right is large (arrows) and moderately stained with con- 
trast material. It compresses aorta to the left and is elevating and 
stretching the right renal artery (black open arroW)..~ Left 
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Fig 3.—Balloon catheter occluded aorta proximal to s tes of lacer- 
ations of posterior wall of aorta. Distal aortic clamp pe-mitted con- 
tralateral limb perfusion with blood returned from pumr-oxygenator 
through left femoral artery. Lines from center indicate stay sutures 
applied at beginning of aortotomy. 


pseudoameurysm is small and densely stained (white apen arrow). 

Right, Postaortographic phase shows nephrogram on left, but 
right kidney cannot be identified. Moderate staining of 
pseudoaneurysms persists (arrows). 
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flat and upright films ef the abdomen 
showed some degree cf ileus. The hemato- 
crit reading was 30%; hemoglobin level, 8 
gm/100 ml; and the waite blood eell count, 
9,000/cu mm. Resuits of urinalysis were 
normal. 

An expleratory lasaretomy was per- 
formed for abdomina bleeding. The four 
injuries detected and =reated were a lacer- 
ation of the edge of the right Icbe of the 
liver measuring 25 em on the anterior sur- 
face and 2 cm or the inferior sarface, in 
the path of the laceration of the gallblad- 
der near its junction with the cystic duct; 
and lacerations of the anterior wall of the 
suprarenal vena cava anc of the right lat- 
eral waal] of the abdominal aorta above the 
renal arteries (Fig D. Initially the ret- 
roperitoneal site af bleeding was controlled 
by gauze-pack tamponade. 

The midline inesion was extended to the 
right hemithorax threugh the rght sixth 
intercostal space. The liver was mobilized 
downward by ineising the falciform liga- 
ment. Partial oceludiag clamps were ap- 
plied to both the acrta and the vena cava 
just below the diaphragm, and tc the vena 
cava caudad to the remal veins, a*ter mobi- 
lizing and retraec-img the hepatic flexure, 
duodenum, and neac of pancreas. This 
greatly diminished the bleeding. Curved, 
partially occludimz vascular clamps were 
applied to control beeding from lacer- 
ations that were sutured with continuous 
4-0 Ticron. The wallb adder was removed. 
The liver laceratiens were sutured with 2-0 
chromic catgut, the same sutures closing 
the wounds of entranee and exit. The peri- 
portal area was @reined with two Penrose 
drains, and a chest tabe was inserted on 
the right. The wounds were closed. The pa- 
tient received 12 enitsof whole biood and 4 
of packed cells during 3% hours of oper- 
ation. The urine output averagec 35 ml/hr 
during the-operative srocedure. 

The immediate pestoperative course was 
satisfactory. Twe grams of cephalothin 
(Keflin) sodium was administered intrave- 
nously every six hours, and 0.5 gm of kana- 
mycin sulfate (Kantrex) was given intra- 
muscularly every 12 hours. On the fourth 
postoperative dev, the patient developed 
fever of 38.9 C, with subsequent daily ele- 
vations. Liver sean omthe ninth postopera- 
tive day disclosed a filing defect of the in- 
ferior borcer of tne ræht lobe of the liver, 
measuring 3 X 2 em. The Penrose drains 
were removed on the nth day, and drain- 
age from the site. estimated at less than 20 
ml/day, was sersparalent in appearance. 
The culture was aegative for Staphylococ- 
cus aureus ecoagulas. A sinogram dis- 
closed a subcutaneous loeulated abscess (3 
x 1 em) communicating with another cav- 
ity (8 X Zem) iz the region of the lacer- 
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Fig 4.—Intravenous urogram (tomogram) the seventh postoperative day. Right collecting 


we. 
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system is moderately well-opacified, and there is still lateral displacement of that kidney. 


ation of the right lobe of the liver. 

On the 24th postoperative day, the pa- 
tient complained of back pain with 
persistent tenderness at the right 
costovertebral angle. On the 26th postoper- 
ative day, a mass was detected in the up- 
per part of the abdomen, approximately 12 
x 10 cm. The blood pressure, previously 
130/70 mm Hg, at this time was 170/110 
mm Hg. A soft systolic murmur was heard 
over the mass. X-ray films of the upper 
gastrointestinal tract disclosed anterior 
displacement of the stomach by the mass. 
On the 36th hospital day, aortography and 
selective celiac and superior mesenteric ar- 
teriography demonstrated a large pseudo- 
aneurysm to the right of the abdominal 
aorta displacing and compressing the right 
renal artery upward and the infrarenal 
aorta to the left (Fig 2). Infrarenal and 
suprarenal sites of opacification were seen 
to the left of the aorta. Clinical examina- 
tion of dilated veins over the lateral walls 
of the abdomen was consistent with ob- 
struction of the inferior vena cava distal to 
the renal veins. 

On Aug 31, 1972, two phases of operation 
proceeded concurrently. The right internal 
jugular vein and subclavian artery and the 
left common femoral vein and artery were 
exposed, cannulated, and connected to the 
venous and arterial lines of a pump oxy- 
genator. The heparinized patient was 
cooled progressively to 21 C in 60 minutes, 


when 2 liters of blood were removed and 
stored, cardiocirculatory arrest occurred, 
and extracorporeal circulation was discon- 
tinued. The central venous pressure was 0, 
and the radial artery mean blood pressure 
was less than 20 mm Hg. 

The abdomen and retroperitoneum were 
entered to the left of previous incisions, 
without the need for hemostasis. The distal 
abdominal aorta was encircled with tapes, 
then clamped at two sites just above the 
bifurcation of the aorta. Through an aor- 
totomy incision between clamps, a Foley 
catheter was introduced, and upon removal 
of the cephalad clamp, the catheter was 
passed upward into the suprarenal aorta. 
The balloon of the catheter was inflated to 
20 ml with saline. Incision along the de- 
viated course of the catheter opened the 
retroperitoneum and anterior wall of the 
aorta as a unit, disclosing two separate lac- 
erations in the posterior wall of the aorta. 
One laceration in the right posterolateral 
wall measured 1.5 x 1 cm; a second smaller 
laceration was found in the left postero- 
lateral wall of the aorta at the level of the 
left renal artery (Fig 3). The large false 
aneurysm on the right, filled partially with 
old clot, communicated with the left su- 
prarenal sac. The left infrarenal false an- 
eurysm lay in contact with the aortic lacer- 
ation on the left side. The smaller lacer- 
ation was repaired intraluminally with 
interrupted sutures of 4-0 Ticron but- 
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tressed with small pieces of Dacron cloth. 
The larger laceration on the right was 
closed with through-the-wall sutures in 
continuity with Dacron patches inside and 
outside the right wall of the aorta. Now, 
after 45 minutes of circulatory arrest, 
blood volume was restored and extracor- 
poreal circulation was resumed, initially at 
20 C and flow of 900 ml/min plus suction 
volume. After the aortotomy incision was 
closed with continuous 4-0 Ticron sutures 
reinforced with interrupted 4-0 Ticron su- 
tures over Dacron patches, perfusion at 5 
liters/min effected rapid rewarming and 
spontaneous defibrillation. At 37 C, pump- 
assisted circulation was discontinued. The 
clots of the false aneurysm were removed, 
and the cavity was irrigated with saline so- 
lution. Two No. 28 French sump tubes 
brought out through the left flank drained 
the retroperitoneal false aneurysmal sacs. 
The abdominal wall was closed with inter- 
rupted 2-0 nylon sutures. 

Antibiotics given were cephalosporin hy- 
drochloride, 2 gm intravenously every six 
hours, and gentamicin sulfate, 50 mg in- 
tramuscularly every eight hours. The post- 
operative course was satisfactory. Sump 
tubes were removed at 12 and 36 hours. The 
wound healed per primam. An intravenous 
pyelogram on the seventh postoperative 
day showed improved function of the right 
kidney (Fig 4), and the blood pressure had 
returned to 130/70 mm Hg. The patient 
was ambulatory and eating well. He left 
the hospital against advice on the 32nd day 
following the second operation. 


Comment 


Patients with major injuries to the 
suprarenal vena cava, who survive the 
initial trauma, usually die from mas- 
sive bleeding or from cardiocircu- 
latory complications during attempts 
at repair. 

In recent years several surgical 
techniques to control hemorrhage 
from the vena cava have been advo- 
cated. Donovan et al, in order to iso- 
late the blood supply to the liver and 
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intrahepatic vena cava, suggests 
clamping the inferior vena cava just 
above and just below the liver as well 
as the porta hepatis, a technique em- 
ployed by some for liver resection. 
Prolonged occlusion of the vena cava 
or aorta are not tolerated hemody- 
namically, especially in patients who 
already have serious circulatory and 
metabolic compromise related to the 
trauma and bleeding. Cardiac arrest 
is the usual outcome in these patients. 

Several types of intracaval shunts 
have been suggested to allow satis- 
factory venous return to the heart.”* 
Foley and Fogarty balloon catheters 
have been used to control aortic 
bleeding during resection of ruptured 
abdominal aneurysms, effective al- 
ternatives to applying a vascular 
clamp to the thoracic aorta near the 
diaphragm. 

The arteriographic findings in our 
patient suggested the presence of a 
large pseudoaneurysm above the re- 
nal vessels prone to rupture during 
dissection. Communications between 
infected intraperitoneal sites and pri- 
mary incisions on the right side of the 
abdomen and thorax made it advis- 
able to plan aortic repair through a 
new incision in the left lower quad- 
rant of the abdomen. Hypethermia, 
hypovolemia during circulatory ar- 
rest, and intra-aortic balloon hemos- 
tasis provided optimal operating con- 
ditions. Cannulation of veins for 
drainage of blood proximal and distal 
to the site of spontaneous extrinsic 
pressure-occlusion of the inferior 
vena cava and transient operative 
control of the abdominal aorta proved 
effective. Removing 2 liters of blood 
as cardiac arrest occurred at-21 C pre- 
cluded strain on the left ventricle. 
The minimal metabolic needs of the 
central nervous system and ef the ab- 
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dominal viscera were met by hypother- 
mia, supplemented after Æ minutes 
by low perfusion rates once the need 
for a bloodless field had passed. 

Two lacerations of the posterior 
wall of the aorta at the level of the 
left renal artery were unexpected. A 
false aneurysm from the site of the 
previous aortic injury above the right 
renal artery was anticipeted. Both 
lacerations probably may be ex- 
plained as wounds of exit by the tip 
of the knife. 

The patient’s renovascu.ar hyper- 
tension secondary to compression of 
the right renal artery merits tom- 
ment (Fig 2, left). This appears to be 
the first case in the literature of reno- 
vascular hypertension secondary to 
complications of laceration of the ab- 
dominal aorta. Only a faimt nephro- 
gram could be seen on late ilms after 
aortography, without visualization of 
the collecting system. The patient’s 
blood pressure and function of the 
right kidney returned to normal fol- 
lowing aortic repair and evacuation 
of the pseudoaneurysm compressing 
the right renal artery (Fig 4). 

Yarbrough et al, in a rec2nt review 
of the English literature, found two 
cases of false aneurysm of the abdom- 
inal aorta treated successfully by sur- 
gery. He added a third case, with two 
false aneurysms at entrance and exit 
sites of a missile wound of the abdom- 
inal aorta above the celiae axis. He 
employed left atrial-femozal artery 
bypass, regional topical hypothermia, 
and conventional clamp occlusion of 
vessels in the successful management 
of his case. 
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For an organization supposedly 
opposed to change, the AMA has 
made a lot of changes. 


One of the most significant was the addition of 
an important new voice in the AMA—that of 
nterns and residents. For the first time, these 
young physicians have not only a voice but also 
a vote in helping shape AMA policies. 


Recently, the AMA House provided the same 
opportunities for membership and participation 
to medical students. 


That's not all. In another important change, the 
AMA's council-committee structure has been 
streamlined. Some councils and committees 
have been dropped. Others have been made 
more efficient by reducing their size to seven 
members for councils and five for committees. 
And to permit more frequent infusion of new 


members and ideas, maximum tenure of ser- 
vice has been reduced to seven and five years, 
respectively. 


The AMA has made a lot of changes. Changes 
to make it more responsive to the ideas of all 
physicians ...changes to make it more effec- 
tively serve the needs of the profession. 


Change will continue. But it will be decided 
only by those of you interested and dedicated 
enough to be a force in that change. 


Join us. 
We can do much more together. 


American Medical Association 
535 N. Dearborn St./Chicago, Ill. 60610 
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Disappearance of Papillary Muscle 
Dysfunction After Bypass Surgery 


Nicholas P. DePasquale. MD; Michael S. Bruno, MD; 
Simon H. Stertzer, MD; Eugene Wallsh, MD, New York 


Three patients are described in whom the 
mar of papillary muscle dysfunction dis- 
appeared fellowing acrtocoronary saph- 
enous vein bypass surgery. It is suggested 
that disappearance of the murmur of papil- 
lary muscie dystunction reflected improved 
papillary muscle cencractility and that coro- 
nary revascularizaticn results in improved 
left ventricular mechanics in addition to re- 
lief of angina pactors. 


Ithougn it is generally recog- 
nized tmat aortocoronary artery 
bypass sargery effectively relieves 
angina pectoris, * is still a matter of 
controversy whether such surgery im- 
proves left ventricular function. The 
purpose ef this seport is to describe 
three patiests in whom the mur- 
mur of papillary muscle dysfunction 
disappeared fellowmg aortocoronary 
saphenous vein bypass and to suggest 
that disappearamce of the murmur 
was rełañed to improved left ventricu- 
lar mechanies. 


Report of Cases 


CASE 1.—A 38-year-old man was referred 
for coronary arteriography eight months 
after an acuze myocardial infarction. He 
complained of exertional dyspnea but had 
no chest Daim sinee myocardial infarction. 
The artenial bloodpressure was 120/90 mm 
Hg. A hciosystelie murmur was audible at 
the apex-and radiated toward the left ax- 
illa but was not associated with a thrill 
(Figure) The eleetrecardiogram displayed 
healed inferior wall myocardial infarction 


and the =-rary film of the chest showed min- 
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imal cardiac enlargement. A coronary ar- 
teriogram demonstrated complete occlu- 
sion of the right coronary artery, 95% 
obstruction of the left anterior descending 
coronary artery, and minor disease of the 
circumflex coronary artery. Left ven- 
triculogram showed minimal mitral re- 
gurgitation and hypokinesia of the poste- 
rior wall of the left ventricle. 

Aortocoronary saphenous vein bypass 
grafts were constructed to the origin of 
the posterior descending coronary artery, 
to the left anterior descending coronary 
artery, and to a marginal branch of the 
left coronary artery. 

Six weeks following surgery the patient 
no longer complained of dyspnea. The api- 
cal holosystolic murmur was no longer au- 
dible (Figure). X-ray film of the chest 
showed no change in heart size. 

CASE 2.—A 47-year-old man was referred 
for coronary arteriography because of an- 
gina pectoris. There was no history of 
myocardial infarction. He first experienced 
angina pectoris three years before refer- 
ral. At that time anginal discomfort only 
occurred on exertion. However, during the 
past year angina pectoris had not only in- 
creased in frequency and severity but had 
also occurred while at rest. The arterial 
blood pressure was 140/90 mm Hg. A late 
onset crescendo-decrescendo murmur was 
audible at the apex. The murmur radiated 
to the left axilla but was not associated 
with a thrill. The ECG displayed ST-T 
wave changes consistent with myocardial 
ischemia. X-ray film of the chest showed 
the heart to be normal in size. A coronary 
arteriogram demonstrated complete ob- 
struction of the left anterior descending 
and the right coronary arteries. Left ven- 
triculogram showed the entire left ven- 
tricle to be hypokinetic and the apex of the 
left ventricle to be akinetic. There was 
moderate mitral regurgitation. 

Aortocoronary saphenous vein bypass 
grafts were constructed to the left anterior 
descending coronary artery, to a diagonal 
branch of the anterior descending coro- 


nary artery, and to the distal right coro- 
nary artery. 

Two months after surgery there was 
complete relief of angina pectoris. The api- 
cal systolic murmur was no longer audible. 

CASE 3.—A 43-year-old man was referred 
for coronary arteriography because of a 
two-year history of severe angina pectoris. 
Ten months before referral he had an 
acute posterior wall myocardial infarction. 
The arterial blood pressure was 140/80 mm 
Hg. A loud, late-onset, crescendo systolic 
murmur was audible at the apex; the mur- 
mur radiated to the axilla. The ECG dis- 
played a healed inferior wall myocardial 
infarction and the x-ray film of the chest 
showed the heart to be normal in size. A 
coronary arteriogram demonstrated com- 
plete occlusion of the right coronary artery 
and 95% obstruction of the anterior de- 
scending coronary artery. Left ventric- 
ulogram demonstrated mitral insuff- 
ciency but no evidence of ventricular 
dyskinesia. 

Aortocoronary saphenous vein bypass 
grafts were constructed to the distal left 
anterior descending coronary artery, the 
posterior descending coronary artery, and 
a marginal branch of the left coronary 
artery. 

Three months after surgery there was 
complete relief of angina pectoris and 
the apical systolic murmur was no longer 
audible. 


Comment 


Mitral valve competence depends 
on the structural and functional in- 
tegrity of the atrioventricular ring, 
the mitral valve leaflets, the chordae 
tendinae, and the papillary muscles. 
Mitral insufficiency secondary to 
papillary muscle dysfunction has 
been described previously.’* Re- 
cently, it has been shown that during 
early myocardial infarction there are 
day-to-day variations in the degree of 
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Phonocardiogram (PCG) recorded before (left) and six weeks after aortocoronary saph- 
enous vein bypass surgery (right). Systolic murmur (SM) recorded at apex before surgery is 
no longer present after surgery. LICS signifies left intercostal space. 


mitral incompetence as determined 


by the diastolic slope (E-F) of the 
echocardiogram.’ Moreover, the vari- 
ations in the diastolic slope of the mi- 
tral valve echo correlated with wax- 


ing and waning of the murmur of 


papillary muscle dysfunction.’ It was 
suggested that the papillary muscles 
being subendocardial structures are 
particularly vulnerable to alterations 


1. Phillips JH, Burch GE, DePasquale 
NP: The eprom of papillary muscle or 
function: Its clinical recognition. Ann In- 
tern Med 59:508-520, 1963. 

2. Burch GE, DePasquale NP, Phillips 
JH: Clinical manifestations of papillary 
muscle dysfunction. Arch Intern Med 
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in coronary blood flow and that the 
variations in the diastolic slope of the 
mitral valve echo as well as the vari- 
ations in the intensity of the murmur 
of papillary muscle dysfunction re- 
flected changes in papillary muscle 
contractility as blood flow to these 
structures increased or decreased.’ 
Similarly, the murmur of papillary 
muscle dysfunction may be louder, or 


References 


112:112-117, 1963. 

3. DePasquale NP, Burch GE: The ne- 
cropsy incidence of gross scars of acute in- 
farction of the apil ary muscles of tħe left 
ventricle. Am 5 ardiol 17:169-170, 1966. 

4. Burch GE, ete JH, DePasquale 
NP: Papillary muscle dysfunction, in Rus- 





audible, only during an episode of an- 
gina pectoris.’ Thus, the papillary 
muscles may contract normally, and 
be hypokinetic or akinetic in the same 
individual depending on the state of 
the coronary circulation. 

The three patients described in this 
report had advanced coronary heart 
disease and an apical systolic murmur 
due to papillary muscle dysfunction. 
In each patient the murmur dis- 
appeared following aortocoronary by- 
pass surgery. The disappearance of 
the murmur was attributed to im- 
proved papillary muscle function. Ob- 
viously, since no patient hed signifi- 
cant left ventricular  cilatation, 
disappearance of the murmur cannot 
have been due to improvement in the 
spatial relationships between the 
various components of the mitral 
valve apparatus.' 

Presumably, owing to ischemia, one 
or both papillary muscles were dys- 
kinetic. Following coronary revascu- 
larization the increased coronary 
blood flow resulted in improwed pap- 
illary muscle contraction and the 
disappearance of the murmu? of pap- 
illary muscle dysfunction. This ob- 
servation provides evidence that in 
addition to relief of anginal pain, 
aortocoronary bypass surgery may re- 
sult in improved left ventricular 
mechanics at least in terms of the 
papillary muscles. Papillary muscle 
dyskinesia can be detected dinically 
because it is associated with a charac- 
teristic apical systolic murmur. Nev- 
ertheless, it is likely that if papillary 
muscle contractility improves follow- 
ing coronary revascularizatim, con- 
traction may also improve in other 
dyskinetic areas of the left ventricle. 
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Disease. Philadelphia, JB Lippineott Co, 
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Silicone Elastomer Plombage 


for Severe Hemoptysis 


iho Mayer EI MD; John D. Moore, MD; Otto Gago, MD, Ann Arbor, Mich 


A 58-year-cid man suffered massive, life- 
threatening hemmptysis secondary to cav- 
itary tubercusosi:. Silicome elastomer aug- 
mentation mammaplesty prostheses were 
inserted for cavitry eollapse anc as an ur- 
gent measure te control hemoptysis, with 
use of the wel nown technique of extra- 


costal subperiost=al piormbage. Femoptysis 
was controlled, aad a _2-month fcllow-up in- 
dicates exeelient stability of the plombage 
without recurrer>e of the hemoptysis and 
no evidence ef irfection. 


WwW": wbercuiosi no longer oc- 
cupEs its ‘ormer pesition of 
importance in thoracic surgery, about 
40,000 new cæes are reported annu- 
ally. Ant:tueerculosis drags ade- 
quately treat almost all of these pa- 
tients, but beween 5% and 15%? de- 
velop comptications requirinz surgical 
consideratmn. @ne o the more dra- 
matic complications of pulmonary tu- 
berculosis s vere hemoptysis. This 
is usually eve to an eroded bronchial 
artery or enlargec bulbous branch of 
the pulmorary artery (Rasmussen an- 
eurysm) in a ubercuious cavity. 


Report of a Case 
On July 5. 1971, a 58-pear-old black male 
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ex-foundry worker was admitted to the 
Wayne County General Hospital with he- 
moptysis and anterior pleuritic chest pain 
on the left. Two years previously he had 
been hospitalized for 14 months with pul- 
monary tuberculosis. On monthly clinical 
visits there had been no change in his clini- 
cal status. Chest roentgenograms re- 
mained unchanged, and sputa were nega- 
tive on culture for acid-fast bacilli. The 
last positive sputum was obtained July 9, 
1969. The patient was reliably taking 
isoniazid, 300 mg twice a day, and eth- 
ambutol hydrochloride, 1,200 mg daily. In- 
termittent two- to three-cup hemoptysis 
began one month prior to admission, unac- 
companied by chills, fever, weight loss, or 
chest pain. With the onset of anterior 
pleuritic-type pain on the left and contin- 
uously bloody sputum, he was referred to 
Wayne County General Hospital. 

On admission, the patient’s respiratory 
rate was 35 breaths per minute with a 
pulse rate of 104 beats per minute. His oral 
temperature was 38.3 C. Blood pressure 
was 110/70 mm Hg. Breath sounds were 
decreased over the left upper lobe posteri- 
orly and several cupfuls of blood-streaked 
sputum were produced during his initial 
hours of hospitalization. Roentgenograms 
of the chest (Fig 1) showed bilateral dif- 
fuse fibrosis and tuberculosis. An 8-cm left 
upper lobe cavity was visualized. Exten- 
sive bilateral volume loss with mediastinal 
shift on the left and marked pleural thick- 
ening was noted. His hemoglobin level was 
10.1 gm/100 ml with a hematocrit reading 
of 31%. The leukocyte count was 10,800/cu 
mm with a normal differential cell count. 
Results of the remainder of the laboratory 
studies were normal. An electrocardio- 
gram demonstrated left ventricular hyper- 
trophy. Multiple sputum examinations for 








acid-fast bacilli were negative on smear of 
concentrate. Cytologic examinations of 
sputa were negative. No fungi were cul- 
tured, and bacteriologic examinations 
were negative. Bronchoscopic examination 
was refused by the patient. Gastric aspira- 
tion for acid-fast organisms was also nega- 
tive on smear. There was marked impair- 
ment of pulmonary function with a vital 
capacity 35% of predicted, and a forced ex- 
piratory volume in one minute of 43%. Ar- 
terial blood gas values at rest showed an 
arterial oxygen saturation of 84%, Po, of 
64 mm Hg, and a Pco, of 48 mm Hg. The 
patient experienced obvious distress with 
dyspnea and tachycardia when he walked 
up one flight of stairs. The Po, and arterial 
oxygen saturations decreased to 60 mm Hg 
and 80%, respectively, following this exer- 
cise. The hemoptysis stopped, and the pa- 
tient was discharged ten days after admis- 


Fig 1.—Preoperative chest roentgen- 
ogram. Note diffuse parenchymal disease 
with large left upper lobe cavitation. 
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Fig 2.—Incision site (A) and tech- Fig 3.—Augmentation mammoplasty prostheses used as plombage. 
nique of extraperiosteal resection (B). 





Fig 5.—Chest roentgenogram at one year after operation. 


Fig 4.—Extent of left lung collapse (C, shaded area), 
and operative site with implanted prostheses (D). 
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sion. 

On July 21, 1991, he was admitted as an 
emergency. Two 100-ml episodes of bright 
red hemoptysis had eccurred over the pre- 
ceding six hours His hemoglobin level had 
fallen to 7.4 gm*100 ml. On brcnchoscopy 
there was bright red bioed issuing from 
the left upper lob= ersfice. Intermittent, 80- 
to 100-mli hemor-ysis continued over sev- 
eral 12-hour periods. Surgical control of the 
bleeding seemed necessary. We believed 
` resection would se dangerous ir a patient 
with marked pleura! adhesions and poor 
pulmonary reserve. f tue left upper lobe 
were resected, # seemed highly unlikely 
that the left lower lee would fil the pleu- 
ral space. A colkepse precedure seemed to 
ofthe best danee for control of the 
bleeding, and w= believed this could best 
be acecomplishee with a plombage. For 
these reasons, cn July 27, one-stage ex- 
traperiosteal subcostal plombaga was per- 
formed. 

The technique fclowed was one de- 
scribed by Bailer,* employing € standard 
posterolateral thoracsplesty incision on the 
left (Fig 2,A) ami elevating the scapula by 
wedging the rib spreader against a lower 
rib and the scapular tip. Subperiosteal re- 
flection of the underlring lung-pleura-peri- 
osteum symphys:s, leaving strips of peri- 
osteum en the imtact ribs, was performed 
(Fig 2,B). Apicolysis was necessary to per- 
mit adequate cclapse cf the upper lobe. 
Complete anterior te pesterior dissection 
of the intercostal bundles and posterior 
periosteum from the first seven ribs al- 
lowed collapse of the underlying lung. 
Following meticalous hemostasis, four sili- 
cone elastomer augmentation mammo- 
plasty prostheses (Fig 3) were arranged 
subcostaily and secured to the rids through 
their Dacron ne^ patches with heavy non- 
absorbable sutures Fig 4,D). Pericostal 
No. 22 stainless steel wines were randomly 
placed to avoid migration of the prostheses 
through the inverspaces. An extracostal 
catheter was employed, and the chest wall 
closed with nonabsersabie sutures. The ex- 
tent of left lung collapse is shown by the 
shaded area in Fig 4C. 

Postoperatively the patient received res- 
piratory support for 24 hours amd was ex- 
tubated without difficulty. Cephalothin so- 
dium was admiristered intravenously. He 
remained afebrile throughout ais course 
and was discharzed 13 cays folowing op- 
eration. At one rear the chest roentgen- 
ogram (Fig 5) demonstrated adequate 
maintenance of cavitary collapse and sta- 
bility of the plorabage. Ke remains free of 
hemoptysis. All cultures ‘or acid-fast orga- 
nisms have rema ned negative. Postopera- 
tive dosages of artituberculcesis drugs 
were continued. 
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Comment 


The problem of massive hemoptysis 
attributed to a tuberculous cavity has 
been well-summarized by Laforet and 
Strieder.* Staged thoracoplasty® has 
provided excellent long-term pallia- 
tion. It was felt that a seven- or 
eight-rib thoracoplasty in a patient 
with minimal pulmonary reserve 
would be poorly tolerated. Left upper 
lobectomy with a limited thoraco- 
plasty to avoid space problems would 
be one approach to repeated massive 
hemoptysis. Plombage offered the ad- 
vantage of producing collapse in a 
single stage, while causing less inter- 
ference with pulmonary function and 
resulting in a more acceptable cosme- 
tic appearance than thoracoplasty. 

Various plombage techniques and 
their complications employing either 
no or limited rib resection have been 
recorded.*'° It is obvious from past 
surgical experience that the use, 
while admittedly financially more ac- 
ceptable, of methyl methacrylate 
spheres as the plombage has been 
found totally unacceptable secondary 
to their migratory propensity. The re- 
duced derangement of pulmonary 
function with extraperiosteal subcos- 
tal plombage has been documented." 


. The extraperiosteal technique, which 


does not involve separating the inter- 
costal vessels from the underlying 
parietal pleura, avoids the complica- 
tion of necrosis occurring over large 
peripherally located cavities with sub- 
sequent fistula formation. Leaving a 
strip of periosteum anteriorly on each 
rib is said to prevent resorption.” The 
demonstrated low tissue reactivity," 
the desired combined size and weight, 
and the malleability were responsible 
for our choice of silicone elastomer 
prostheses. The Dacron net patches 
attached to each unit provided excel- 
lent points of suture stabilization to 
the ribs. 

Those experienced with plombage 
for the control of bleeding have indi- 
cated that this control is not an im- 
mediate effect as in resection, but our 
experience in this particular instance 
indicated complete collapse of the 
cavity at the time of surgery and re- 
sultant cessation of hemoptysis. In 
addition, the literature abounds with 


references indicating that subsequent 
removal of the plombage to avoid in- 
fection should be a consideration in 
the use of this approach for cavitary 
collapse. Our goal in using silicone 
elastomer prostheses is to avoid just 
such an approach with a view to leav- 
ing these structures as a permanent 
intrathoracic plombage. Naturally, if 
subsequent infection occurs and evi- 
dence of “bony plate” regeneration 
had occurred, the plombage could be 
removed at a later time. 


Nonproprietary Names and 
Trademarks of Drugs 


Cephalothin sodium—Keflin. 
Ethambutol hydrochloride—Myambutol. 
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The Multiseptate Gallbladder 


The rare anomaly, multiseptate gallblad- 
der, consists of a gallbladder divided into a 
variable number of chambers, each commu- 
nicating through one or more orifices with 
other chambers, progressing from the fun- 
dus toward the cystic duct. Each chamber is 
lined by mucosa with an underlying muscu- 
lar coat. The latter may or may not contain 
Rokitansky-Aschoff sinuses as well as sec- 
ondary depositions of mesothelial struc- 


he true multiseptate gallblad- 
der is a rare clinical phenom- 
enon, the cause of which is specula- 
tive, but probably based on a congeni- 
tal development anomaly. We wish to 
report another case, the fifth in avail- 
able literature, which demonstrates 
several features not found in three 
previously reported cases. 


Report of a Case 


. A 45-year-old white married woman, 
mother of three children, was admitted to 
the Worcester City Hospital on May 22, 
1965, because of indigestion and epigastric 
pain, occurring in brief episodes.in the pre- 
vious five months. These pains had in- 
creased in frequency and severity in the 
five days prior to admission, anc had been 
exacerbated by meals, so that she had lost 
weight. There was no history of jaundice. 
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tures. This anomaly appears to arise from a 
persistence of a folding mechanism during 
the embryonic stage in the formation of the 
gallbladder. 

Our patient was older than -hose previ- 
ously reported and the clinical manifestation 
was probably secondary to concurrent calcu- 
lus formation, a combination also previously 
not described. 


A Graham-Cole series had revealed an ir- 
regularly trabeculated appearance, which 
had been interpreted as a galloladder ap- 
parently packed with faceted calculi of ir- 
regular size. On admission, the patient had 
well-localized tenderness withcut mass in 
the right upper quadrant of the abdomen. 
On May 26, 1965, a multiseptate gallblad- 
der containing several small caiculi was re- 
moved. The common duct was normal and 
was not explored. The patient made an un- 
eventful recovery and was discharged on 
June 5. 

Pathological Report.—The specimen con- 
sisted of a gallbladder, which was opened. 
The mucosa of the gallbladder is thrown 


into folds and forms numerous septa, 


which divide the gallbladder into numerous 
lobulated cyst-like structures (Fig 1 and 2). 

Microscopic examination cf sections 
taken through the gallbladder reveals the 
septations to contain both muscular and 
epithelial coat with numerous Rokitansky- 
Aschoff (RA) sinuses. There is a heavy in- 
filtration of lymphocytes in the subepithe- 
lial fibrous tissue there and surrounding 
the RA sinuses. 
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Fig 1.—Graham-—Col® series demonstrat- 
ing Numerous irregular septa in the gall- 
bladder. 


Cemment 

Bhagavan et al; reporting the 
fourth authenticated ease in the liter- 
ature in 1970. discuss the probable 
embryologica!l process in the develop- 
ment of this anomaly. The multisep- 
tate gallbladder conssts of a solitary 
gallbladder, usually m normal posi- 
tion and size, characterized externally 
by a faintly bosselated surface, and 
internally by the presence of multiple 
septa of variable size and number. 
The chambers tnus farmed communi- 
cate with each other by one or more ori- 
fices from fundas zo cystic duct. His- 
tologically, the wæls of the septa are 
characterized br alayer of muscle be- 
tween the tw» epithelial surfaces, a 
finding which would seem to exclude 
an acquired eause dependent on 
pseudoseptatien from adenomyoma- 
tosis. This com=tant histological find- 
ing of a muscle layer between the two 
epithelial surfaces of all the septa 
would also seem te exclude the super- 
ficially attractive aypothesis that the 
anomaly represents an arrested stage 
in the embryoclegieal process of vacu- 
: olization of the epithelial bud of the 
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Fig 2. 2 E Multistate gallbladder transected longitudinally to demonstrate numerous 


septa. 


gallbladder or an extension of the 
valves of Heister from the cystic duct. 
The oceasional irregular plication of 
the gallbladder anlage prior to vacu- 
olization of its internal epithelial core 
as hypothesized by Haslan et al’ and 
Simon et al’ and cited by Bhagavan 
et al, similar to the normal embryo- 
logical development of the gallblad- 
der in some of the lower animals, 
would seem to be a logical explana- 
tion for this rare phenomenon in 
man. 

Entirely consistent with this hy- 
pothesis is the finding by Beilby* of 
occasional loculations in a series of 
neonatal autopsies with variations in 
numbers and size of septa. That this 
anomaly usually becomes manifest at 
an earlier age than calculous disease 
is probably related to the mechanical 
problem of bile concentration and 
stasis in the various chambers. Thus 
calculus formation, as well as hyper- 
plastic cholecystoses with at least hy- 
pertrophied reticular activating sys- 
tem should be frequent concomitant 
findings in the older patients exhib- 
iting this phenomenon. 


Conclusions 

We have reported another au- 
thenticated case of this rare anomaly 
of multiseptate gallbladder. Our case 
presents several unusual features not 
manifest in prior reports: (1) the pa- 
tient was older than those previously 
reported; (2) several small calculi 
were present and the symptoms and 
signs were probably mostly, if not en- 
tirely, due to their presence; (3) there 
was histological evidence of hyper- 
plastic cholecystosis in the many en- 
larged and chronically inflamed RA 
sinuses. It is suggested that the latter 
two findings are not unexpected com- 
plications because of the mechanically 
obstructive features of the under- 
lying anomaly, and their incidence 
would tend to increase with the age 
of the patient. 
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Special Review 





A review of the modern literature on the 
role of cholangiography in biliary tract sur- 
gery leads to the following conclusions: (1) 
Since approximately 10% of patients who 
harbor common duct stones do not present 
the common clinical indications for chole- 
dochotomy, cholangiography should be per- 
formed routinely in all operations on the bili- 
ary tree before deciding for or against 
common duct exploration. (2) Since false 
negatives occasionally occur, a negative cho- 
langiogram should not prevent choledochot- 
omy if strong clinical or intraoperative indi- 
cations are present. (3) Since the incidence 
of retained stones after choledochotomy can 
range as high as 30%, intraoperative com- 
pletion cholangiography should be routinely 
performed after choledochotomy. 
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Operative Cholangiography 


The Case for Its Broadened Use 


iseases of extrahepatic biliary 
tract pose a major problem of 
health care in the United States. It is 
estimated that 20 million people in 
this country have gallstones.' One 
third of a million gallbladders are 


. removed annually,' and in most hospi- 


tals, cholecystectomy is the most fre- 
quently performed abdominal oper- 
ation.” Furthermore, in the past 30 
years there has been a gradual, 
steady increase in both the actual 
number and the proportion of pa- 
tients operated on for biliary disease.’ 

The diagnosis and treatment of 
choledochal disease are important 
facets in the care of these patients. 
Data from several institutions indi- 
cate that stones are present in the 
common bile duct in 9% to B% of all 
patients who undergo chelecystec- 
tomy (Table 1). 

A major decision that faces the sur- 
geon with every cholecystectomy is 
whether or not the common bile duct 
should be opened and explored. This 
judgment is particularly difficult be- 
cause of the added morbidity and 
mortality of choledochotomy. Experi- 
ence has shown that concomitant ex- 
ploration of the common duct in- 
creases the mortality of simple 
cholecystectomy up to six times 
(Table 2). In addition, the morbidity 
in patients having ductal exploration 
along with cholecystectomy is approx- 
imately twice that of patients having 
only cholecystectomy." "° On the 
other hand, failure to explore the 
common duct when it harbors a stone 
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usually requires a more difficult and 
hazardous second operative proce- 
dure, again adding morbiditymggnd 
mortality to the disease. 

Guidelines have evolved to assist 
the surgeon in determining the need 
for choledochotomy. Indications for 
common duct exploration tħat are ac- 
ceptable to many surgeoms include 
the following: 


1. Palpable stones in the hepatic or com- 
mon bile duct 

2. Jaundice on admission to zhe hospital 
or of recent duration 

3. Dilatation or thickening of the bile 
ducts 

4. Clinical evidence of cholangitis 

5. Small stones in the gallbladder 

6. Clinical or anatomic evidence of pan- 
creatitis 

7. Biliary colic without stones in the 
gallbladder 

8. Sediment in the bile aspirated from 
the common duct 

9. Small contracted gallbladcer. 


It is of obvious importance to know 
the reliability of these criteria for 
choledochotomy. With the exception 
of a palpable common duct stone, 
none of these clinical entities is more 
than a situation in which & common 
duct stone may play a pathophysio- 
logic role. 

Jaundice is stated as rarking sec- 
ond to palpable stones as evidence of 
choledocholithiasis."* There :s general 
agreement that the common duct 
must be explored if the patent has a 
recent history of jaundice. However, © 
of the 98 patients with cholecysti- 
tis and jaundice reviewed by Colcock 
and Pery, only 44% had common duct 
stones.” Bartlett and Wadcell found 
that jaundice was present in only 35% 
of their 302 patients with cholecys- 
titis and common duct stones.° Thus, 
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jaundice alone & net a consistently 
reliable clincal sign ef cho edocho- 
lithiasis. 

In a large anatomic study, the 
diameter of the norma! common duct 
was found te ranze ‘rom 0.4 to 1.3 cm 
with an average ).6€ cm.™ It 5 gener- 
ally aceeptec that adiameter of more 
than 1.5 cm indicates obstruction. Al- 
though Dewy reperted that 90% of 
242 patients operavxed on with com- 
mon duct stones had some degree of 
dilatation, 30% ef eommon cucts ex- 
plored for this reasen had no stones." 
Ferris and “ebert measured the com- 
Mggestuct a. sumgety m 109 patients 
with biliary tract stones ard found 
that ducts cortairing stones aver- 
aged 2mm arger than those without 
calculi." However, some ducts that 
did not harbor stones were as large as 
many that cectamed them. They, 
with others": heve concludec that in- 
creased diameter alone is not a re- 
liable sign n predrting the presence 
of commen duet stones. 

Most large series indicate that the 
presence of small stones in the gall- 
bladder is not reliable whem used as 
the indication for choledcchotomy. 
This is substamfiated by Bartlett and 
Waddell’s repert in which common 
duct stones were present in only 16% 
of patients with small gallbladder 
stones.’ Im a simlar series, Dowdy 
found only 6% of these patients to 
have choledochelit aiasis."* 

Likewise, climicel evidence of pan- 
creatitis cannet be consistently relied 
on as a Sole indication for exploration. 
Smith et al scuded 15 patients in 
which the on! major indieation for 
choledochotomy was a documented ep- 
isode of pancreattis:* Common duct 
stones were “eumd in only two pa- 
tients. 

Thus, it is abvpusly impossible to 
define climcal criteria that will lead to 
the detection of all common duct 
stones. With che excepticn of pal- 
pable stenes, Bese clinical indications 
for choledochs:omy de not eliminate 
the significam> prolem of residual 
common fuc stones—either unsus- 
pected or overloeked. Also, a very 
significan’ mamber ef umnecessary 
common duct xpbbrations will be per- 
formed wren only these criteria are 
used for choledocaotomy. 
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Reporting 
Authors 


Adams and Stranahan’? 


Appleman et al‘ 


Cases 
1,051 
4,948 


Total, % 
15 
9.7 


480 
Bartlett and Waddell? 2,243 359 1 


Glenn‘ 4,677 
Zollinger et al’ , 





Cholecystectomy 
Mortality, % No. 


Reporting 
Authors No. 


1,280 
1,077 
3,983 


Bartlett and Waddell 
Colcock and Liddle® 
Glenn” 

Havard’ 

Mixter et al" 


Operative cholangiography, the ra- 
diographic visualization of the extra- 
hepatic biliary tree, is of great value 
in solving these problems. This simple 
radiographic procedure readily per- 
mits: 

1. Initial identification of intraductal 
stones, anomalies, tumors, dilatation, and 
stenosis 

2. Increased safety of biliary tract sur- 


gery 
3. Detection of residual stones after 


choledochotomy to avoid secondary oper- 


ations 
4. Decreased incidence of unnecessary 
common duct explorations. 


The technique of operative cho- 
langiography is simple, safe, and rel- 
atively inexpensive. A standard port- 
able x-ray unit (50 to 300 ma) may be 
used to expose film placed in a Bucky 
frame on a standard operating table. 
Before the procedure, this frame is 
placed on the table at the desired po- 
sition and the table is built up with 


mattresses or blankets to compensate 


for the frame’s thickness and to allow 
the patient to lie on a flat surface. 
Newer operating tables have built-in 
cassette holders that fit beneath the 
table surface. 

Several types of contrast materials 
are available for injection. The more 
common are iodinated dyes, a mix- 
ture of meglumine diatrizoate and so- 
dium (Renografin 60) and iodipamide 
meglumine injection (Cholografin 
Meglumine) commonly used in two 
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Table 2.—Mortality of Cholecystectomy 
vs Cholecystectomy and Choledochotomy 


6 
416 9 
117 18 


Cholecystectomy & 
Choledochotomy 


Mortality, % 


strengths, 35% and 70%. The more di- 
lute solution is most commonly used 
to prevent obscuring small lucent fill- 
ing defects. The more concentrated 
form is used when the gallbladder is 
injected directly or when the ductal 
system is greatly dilated and marked 
dilution of the dye is expected. Sev- 
eral routes of injection are available: 


1. Direct injection into the gallbladder 
(Figure, A). This technique is utilized when 
the gallbladder is normal and its removal 
is not anticipated or indicated. This situ- 
ation is encountered in hepatitis and other 
primary liver diseases, and in benign or 
malignant lesions of the extrahepatic bile 
ducts in which the gallbladder may be of 
use in bypassing the obstructed duct. 

2. Single direct injection into the com- 
mon duct (Figure, B). This is done with a 
small needle and can be performed when 
the gallbladder is absent or when the com- 
mon duct is markedly dilated. 

3. The “completion cholangiogram” (Fig- 
ure, C). This study is made at the completion 
of the choledochotomy by injecting con- 
trast material through a T-tube that has 
been inserted into the common duct follow- 
ing exploration. 

4. Injection into the common duct, by 
way of the cystic duct (Figure, D). This is 
a simple, safe, and rapid technique used 
when cholecystectomy is planned. Since 
this is the most frequently used technique, 
it will be described in more detail. 


The cystic duct is identified and iso- 
lated, and its junction with the com- 
mon duct is carefully dissected free. 
After milking any possible cystic duct 
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Routes of injection. A, Direct injection into the gallbladder; B, single 
direct injection into the common duct; C, the completion cholangio- 
gram; and D, injection into the common duct via the cystic duct. 


stones back into the gallbladder, the 
proximal cystic duct is ligated. A liga- 
ture is passed around the distal cystic 
duct near its junction with the com- 
mon duct. A small incision is made 
into the cystic duct approximately 1.5 
cm proximal to this junction, and a 
small polyethylene catheter is placed 
through the cystic duct into the proxi- 
mal common bile duct. The previously 
placed ligature is tied down to secure 
the catheter within the duct. Contrast 
material is injected through the cath- 
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eter and the film is exposed. While 
the x-ray film is being developed, the 
surgeon may proceed with cnolecys- 
tectomy. Usually the film can be de- 
veloped by the time the gallbladder 
has been removed. 

Several points need empkasis to 
achieve the technical reliabil'ty nec- 
essary for films of good quality. Care 
should be taken to avoid the use of 
morphine sulfate as a preoperative 
medication, as this may result in 
marked spasm of the sphincter of 


Oddi and give the artifactual appear- 
ance of distal ductal abnormality. The 
gross anatomic landmarks used to po- 
sition the film under the patient are 
the xyphoid process as the upper me- 
dial border and the right enterior su- 
perior iliac spine as the lower lateral 
border. A “scout” film may be taken 
to insure the patient’s proper posi- 
tioning over the film, to check expo- 
sure technique, and to detect any pre- 
viously overlooked radiopaque stones. 
To avoid obscuring the film, towels 
should be secured to the pétient with 
sutures, not with clips. A saline-filled 
syringe with a short segment @&qgx- 
tension tubing is connected to the 
cannula or needle entering the com- 
mon duct, and the duct is gently irri- 
gated. Before taking the films, all 
instruments are removed from the 
operative site, and the tab.e is tilted 
15° to the right to throw the image of 
the common duct away from the ver- 
tebral column. A towel is placed over 
the operative area to prevent possible 
contamination, and the ¥-ray ma- 
chine is wheeled into posit.on. Coop- 
eration of the anesthesiologist at this 
point is essential. Controlled apnea is 
necessary and can be accomplished 
easily with either muscle relaxant 
medication or brief hyperventilation. 
Extreme care is taken to eliminate all 
bubbles from the tubing and syringe 
during the entire procedure as these 
are common sources of artifacts and 
false positive results. Three to 5 ml of 
contrast material is then injected 
slowly and gently, and a film is imme- 
diately exposed. This initial film is 
more likely to detect small scones. Af- 
ter an unexposed film is placed into 
position, 10 to 15 ml of concrast ma- 
terial is injected and another film is 
exposed to more completely define the 
entire ductal system. Although not 
necessary, rapid processing tech- 
niques should be used when available. 

A normal operative cholangiogram 
must show the following: 


1. No filling defects in the ducts 

2. A narrow terminal portion cf the duct 

3. The main portion of the duct less than 
15 mm in diameter 

4. Free flow of contrast medium into the 
duodenum 

5. No excessive dilatation of imtrahepat- 
ic radicles. 
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When these criteria are met, zhe com- 
mon duct can be assumed with confi- 
dence to be nemal and chcledocho- 
tomy is not cecessary. There are 
situations, however, that may mis- 
guide the surgeon, and familiarity 
with these is =ssential. Air bubbles 
within the ducts. spasm of the sphinc- 
ter preventing ow of contrast mate- 
rial into the duodenum, leakage of 
contrast materal “rom the injection 
site, incomplet= filling of the hepatic 
ducts, and mas«ing of small ntraduc- 
tal stones by zae contrast material 
are the most common causes of an 
inggsmirate study. With proper pre- 
cautions, all @ these errors may be 
prevented. 

Before any procedure can be enthu- 
siastically reecmmended, the possible 
hazards must be eonsidered. No sig- 
nificant morbidity and no mortality 
have been attmbuted to the procedure 
by experiencee sungeens who have re- 
ported large rumbers of cases,- 
Some have speculated that the proce- 
dure might cause acute postoperative 
pancreatitis <= a result ef regur- 
gitation of eontrast material into 
the pancreatie duct. However, the 
surgical trauma of the common duct 
exploration rsther than the radio- 
graphie procesare is now recognized 
as the precipi’ 2ting cause of any sub- 
sequent pancreatice inflammation.**:* 
There has beew ne substantiated case 
of pancreatitis follewing operative 
cholangiograp zy in which choledocho- 
tomy was no: also performed. Tran- 
sient, mild elevations of serum 
amylase leve are present after cho- 
langiography ut clinical manifesta- 
tions of pancreatitis are not seen.2*2° 
Allergic type reaztiens consisting of 
mild, transiex~ lew-grade fever dur- 
ing the immeciate postoperative pe- 
riod do occur but are generally of 
little clinical significance.** 

Others have been concerned that 
operative chelangiography might be 
time-consuming, cumbersome, and 
inaccurate. With close cooperation 
among the samgeon, anesthesiologist, 
radiolegist, amd xray technician, 
the procedure can be repidly and 
smoothly performed with high diag- 
nostic accuracy while adding only a 
few minutes te zhe operative proce- 
dure. Te insure good results, however, 
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Table 3.—Incidence of Residual 
Common Duct Stones Following 
Simple Cholecystectomy 


Reporting No. of Incidence, 
Authors Cases %. 

Glenn” 200 

Hicken et al* 100 

Mehn*® 113 





Table 4.—Incidence of Residual 
Common Duct Stones Following 
Choledochotomy 


No. of Incidence, 
Cases % 


Reporting 
Authors 

Glenn” 
Havard’ 
Hicken et al?? 
Johnston et al?! 
Paine and Firme” 
Thomson® 


Table 5.—Incidence of ‘‘Unnecessary’’ Choledochotomies 


Reporting 
Authors 


Baker*! 


Choledochotomies 


No. of °% Stones 
Not Found 


299 66 
62 


9 
Bartlett and Waddell’ 963 
Colcock and McManus“? 49 71.5 


Colcock and Perey" 
Glenn and Beil® 
Thomson” 


careful attention to details of tech- 
nique is required, and frequent use of 
the procedure to provide continuing 
familiarity with these details is nec- 
essary. A note of caution, aptly stated 
by Hoerr, is appropriate:?’ “A normal 
cholangiogram is not a contraindica- 
tion to exploration of the common 
duct if there are sound clinical rea- 
sons for such an exploration.” Thus 
the information provided by this 
study must be interpreted in light of 
all available clinical information. 

In recent years as experience 
with operative cholangiography has 
grown, many authorities have come 
to recommend its routine use in all 
procedures involving the biliary 
tract.*** When classic indications for 
choledochotomy are followed and the 
common duct is not explored at the 
time of cholecystectomy, 4% to 12% of 
these patients will harbor retained, 
unsuspected common duct stones 
(Table 3). Operative cholangiography 
can be of great assistance in diag- 
nosing these otherwise unsuspected 
stones. Seven of 87 operative cho- 
langiograms (8%) reported by Isaacs 
and Daves showed common duct 
stones that were otherwise unsus- 
pected.” Others have found unsus- 
pected stones in about 5% of pa- 
tients.** Identification and localization 
of intraductal tumors, strictures, and 
other lesions is also greatly facil- 





8 

503 72.4 

1,019 42.4 
106 86 


itated by the use of this technique. 
Iatrogenic injury to the extrahepat- 
ic biliary tree is a serious, although 
not uncommon, sequela of biliary 
tract surgery and is responsible for 
80% to 90% of extrahepatic biliary 
strictures.***° Wide variation in bili- 
ary anatomy is a major factor that 
predisposes to operative trauma of 
the biliary tree. By careful operative 
exposure and routine use of operative 
cholangiography in 400 consecutive 
cases, Hayes et al demonstrated clini- 
cally significant anatomic deviation 
in 47.5% of cases.** Schulenburg re- 
ported that this examination showed 
major ductal anomalies in 9.8% of his 
series.” The most important abnor- 
malities that the examination may 
demonstrate are drainage of the cys- 
tic duct into the right hepatic duct 
and a low insertion of the cystic duct 
into the common duct. These anatom- 
ical variations can be revealed and 
thus operative trauma avoided by 
simple radiographic visualization of 
the entire extrahepatic biliary tree. 
Mixter et al have had no duct injuries 
in over 400 biliary cases in which op- 
erative cholangiography was used.” 
Residual stones in the biliary tree 
after choledochotomy done for the 
usual indications is a problem of con- 
siderable magnitude. The incidence of 
residual stones after choledochotomy 
without operative cholangiography 
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ranges from 7% to 28% (Table 4). 
Prior to the use of operative cho- 
langiography, retained calculi were 
present in 10.5% of 57 choledocho- 
lithotomies reported by Isaacs and 
Daves.” With operative cholangio- 
grams they overlooked no stones in 
24 consecutive cases, as verified by 
postoperative T-tube cholangiograms. 
Wall and Peartree reported that after 
63 common duct explorations in which 
stones were removed and the duct 
judged to be free of calculi, comple- 
tion operative cholangiograms re- 
vealed overlooked stones in 36 of the 
63 patients.” Although completion 
cholangiography does not guarantee 
that all retained stones will be identi- 
fied, it can markedly reduce this 
alarmingly frequent occurrence. It is 
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now commonly accepted that no ex- 
ploration of the common bile duct 
should be considered complete until 
this study has been performed. 
When only the classic criteria for 
choledochotomy are used, a great 
number of unnecessary common duct 
explorations are performed. Table 5 
shows that from 42% to 86% of com- 
mon duct explorations are unneces- 
sary in that no intraductal stones are 
found. Prior to using operative cho- 
langiography, Hutchinson and Blake 
explored the common duct in 68% of 
patients undergoing cholecystectomy 
and found stones in only 23%.* Utiliz- 
ing operative cholangiography their 
incidence of common duct exploration 
in 143 cholecystectomies dropped to 
19% and stones were found in 85% of 
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Letters to the Editor 


Transthoracic or Transabdominal 
Fundoplication 


To the Editor.—In their excellent 
article in the February issue of the 
ARCHIVES (106:164, 1973) entitled 
“Postoperative Diaphragmatic Herni- 
ation Following Transthoracic Fun- 
doplication,’ Drs. Balison, Macgreg- 
or, and Woodward describe the im- 
portance of the complications. They 
stress the necessity for adequate clo- 
sure of the incision in the diaphragm 
to prevent complications. They men- 
tion also the necessity for an ade- 
quate diaphragmatic incision to pre- 
vent “unrecognized splenic or 
vascular injury.” Nowhere in this ar- 
ticle was there mentioned the possi- 
bility of accomplishing this same pro- 
cedure through the abdomen, thus 
completely doing away with the ne- 
cessity for diaphragmatic incision. I 
believe that many other surgeons 
besides myself have accomplished 
this operation transabdominally. 
Shouldn’t the possibility of trans- 
abdominal fundoplication be men- 
tioned, if not stressed? 

STEPHEN TOLINS, MD 
Bronx, NY 


Reply 


To the Editor.—In reply to the let- 
ter by Stephen Tolins, MD, we cer- 
tainly concur that in the great major- 
ity of cases surgical correction of 
gastroesophageal reflux can be satis- 
factorily performed by the trans- 
abdominal approach and we use this 
method preferentially. There are ex- 
ceptional cases, however, where the 
transthoracic route is preferable. In 
our experience, the most common in- 
dication is fibrotic transmural stric- 
ture of the esophagus with acquired 
short esophagus. Under such circum- 
stances, the completed repair cannot 
be reduced below the diaphragm and 
exposure for the combined Thal patch 
and Nissen fundoplication is consid- 
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erably better through the left trans- 
pleural approach. We also prefer the 
transthoracic approach in the short, 
squat, muscular obese patient and in 
the patient who has had prior exten- 
sive surgery in the upper part of the 
abdomen. 

The purpose of the article was to 
point out that the thoracic approach 
has the added hazard of the diaphrag- 
matic closure and that we agree com- 
pletely with Dr. Tolins that the trans- 
abdominal route is preferable 
whenever it can be used. 

E. R. WOODWARD, MD 
Gainesville, Fla 


Brucellosis: An Unusual Cause 
of Postoperative Fever 


To the Editor.—Since Bruce first 
isolated Brucella organisms in 1887,' 
brucellosis has been known as a feb- 
rile illness occurring primarily from 
contact with animals. In the follow- 
ing case, clinical brucellosis developed 
following elective gastric surgery. 


Report of a Case 

A 49-year-old white man was hospi- 
talized with an acute exacerbation of a 
chronic peptic ulcer. He underwent vagot- 
omy and antrectomy, requiring transfu- 
sion of 2 units of whole blood. On the sixth 
postoperative day, he began to have daily 
spikes to around 38.8 C, associated with 
easy fatigability, diaphoresis, and depres- 
sion. A thorough search for the source of 
his fever was unrewarding. On the tenth 
postoperative day, treatment with tetracy- 
cline, 1.0 gm/day, was begun empirically. 
On the 16th postoperative day, a brucel- 
losis titer of 1:2,560 was discovered and a 
blood sample for culture drawn that same 
day was positive for Brucella organisms. 
He became afebrile shortly thereafter, al- 
though he had a second positive blood cul- 
ture five days later, and his titer rose to 
1:10,240 on the 26th postoperative day. His 
tetracycline therapy was continued at 2 
gm/day. He remained clinically well and 


was discharged on the 30th postoperative 
day. 


Comment 


Brucellosis is usually consideré@™™so 
be a disease of animal handlers and 
workers in the meat industry. The 
subject of this report was a construc- 
tion worker, an occupation not usu- 
ally at risk. On close retrospective 
questioning, however, the patient re- 
ported that approximately five years 
previously, he had worked en a con- 
struction job at a meat packing plant, 
and that during that time cne of his 
co-workers develcped “hog fever.” In 
the interim between that jo» and the 
present episode, he had one febrile 
illness associated with malaise and 
vague abdominal pains that re- 
sponded to antibiotic therapy by his 
local physician, and on hospizalization 
had a slightly elevated erythrocyte 
sedimentation rate. 

Reactivation of a previously known 
Brucella infection in the postopera- 
tive period has been reported in a pa- 
tient who had been treated previously 
for brucellosis and developed an ex- 
acerbation following ligation and 
stripping of varicose veins. Clinical 
brucellosis has also been reported 
following transfusion with contami- 
nated blood.’ Although tie blood 
transfusions cannot be unecuivocally 
exonerated as the source of this pa- 
tient’s infection, it seems more likely 
that this complication developed as 
an exacerbation of a prev ous sub- 
clinical Brucella infection. 

LEONARD A. SHARZER. MD, MS 
T. Scott DOUGLASS 


Iowa City 
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Humanistic Perspectives in Medical 
Ethics. Edited be Maumce B Visscher, MD. 
$11.95. Pp 297. Pwemetneus Books, 323 Kensing- 
ton, Buffalo, NY, 1972: 


The 14 chapters of this book con- 
cern 

the ethical emblems of physicians to- 
dæznd .. . w_at they are likely to be to- 
morrow, in the light of history and of 
philosophy as well as in relation to the 
changing socia sceme. _.. The basic pre- 
supposition on hich the authors of these 
essays agree istthatan mmprovement in the 
human condita must be the desired goal. 

In this con =xt, Dr Maurice B. Vis- 
scher has breught together provoca- 
tive material from many well-known 
contributors. Five of the 14 chapters 
have appearsc elsewhere, but they 
are still releeant amd worthwhile to 
ponder. Too aften, we physicians re- 
spond to dal~ demands with such 
alacrity and myopie that we seldom 
get a perspective ef ourselves, our 
work, and ouz world. If reac carefully, 
this book sheuld make us reexamine 
our attitudes about death, suicide, 
euthanasia, military service, war 
atrocities, psychetrepic drugs, birth 
defects, humam reproduction and ex- 
perimentation fee-for-service, and 
prison medi@me. We will be better 
equipped to allow the skein of what 
Chauncey Le<e nas termed “the hu- 
manistic traei-ion in the health pro- 
fessions.” 

Coming swi on the reader is the 
uneasy realmation that physicians, 
being humaa, are not always “hu- 
manistic.” They also are subject to 
the powerful =-opisms of self-interest 
and expedieney. A simplistic and na- 
ive solution © the elimination of fee- 
for-service ir the hope that it will au- 
tomatically erzender top quality care 
for everybod~. If that were true, then 
all the wealt=> would now be receiv- 
ing optimal wedical treatment; that 
is certainly mpc the ease. Were he liv- 
ing today, La Rochefoucauld might 
have said, “(ne immorality super- 
sedes anothes.” Who will monitor the 
commissars € medicine? 

Perhaps insamother editicn, Dr. Vis- 
scher will gie us the answer. Mean- 
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while, we are fortunate to have this 
volume, which, incidentally, should 
not be judged by its cover: the flimsy 
binding and inferior paper do not 
equal the superior quality of the con- 
tents. R.M.G. 


Abdominale Angiographie. By W Wenz, 
MD. Price, not given. Pp 225. Springer-Verlag, 
Berlin, 1972. 


Professor Wenz has summarized 
his experiences in abdominal angiog- 
raphy at the University Clinic in Hei- 
delberg, and has done a substantial 
job. Together with his colleagues, van 
Kaick, Beduhn, and Roth, he has dealt 
in clear and lucid fashion with the ba- 
sic angiographic anatomy of the ab- 
dominal aorta and its great branches, 
with angiographic technique, and 
with the interpretation of angiogra- 
phic investigations. The volume is ele- 
gantly turned out and elegantly pro- 
duced, and the illustrative material is 
presented on fine paper with excel- 
lent photoengravings. Color trans- 
lation has been used in a series of 
dramatic, but not overly informative, 
angiographic studies. The recent lit- 
erature has been thoroughly re- 
viewed, and is alluded to throughout. 

One unusual aspect of the book, and 
by no means a felicitous one, is the 
separation of the text from the illus- 
trative material, so that in using the 
book one must be constantly turning 
from the section containing the tex- 
tual material to the illustrations at 
the back of the book. On the other 
hand, the legends that accompany the 
illustrations are thorough and clearly 
stated. 

If there is any criticism to be made 
of the book, it is that it fails to add 
anything new to the angiographic lit- 
erature. Nevertheless, as an introduc- 
tion to the field, it will be useful, par- 
ticularly to the novice. 

HERBERT L. ABRAMS, MD 
Boston 


Cunningham’s Textbook of Anatomy, 
ed 11. By G J Romanes, CBE, BA, PhD, ChB, 
MB, FRCES (Ed), FRSE. Price, $23. Pp 996. Ox- 
ford University Press, 200 Madison Ave, New 
York 10016, 1972. 


Paris exports women’s fashions, 
Edinburgh gross anatomy. Cunning- 
ham’s Textbook has always carried 
an image of authority. It was made 
somewhat more concise in the previ- 
ous edition (1964), the first revision 


undertaken by Romanes. The old for- 


mat was retained, but new illustra- 


a~ 


tions were added and the references 
were brought up to date. The further 
revisions of the present edition, with 
11 anatomists and a radiologist as 
contributors, have again improved it. 
Cunningham thus continues in the 
company of Morris (out of print since 
1966) and the British Gray (not avail- 
able in this country!) as one of the 
standard reference books of gross 
anatomy in the English language. We 
should be reminded of more extensive 
reference works such as Poirier and 
Charpy’s Traité d’Anatomie Hu- 
maine (five volumes, 1899 to 1912) and 
Hollinshead’s Anatomy for Surgeons 
(three volumes, 1968 to 1971). The sig- 
nificance of the latter work is not lim- 
ited to surgery. 

The present edition maintains the 
usual division into organ systems. 
There are good introductory chapters 
including an excellent presentation of 
embryology. The Hertig-Rock zygotes 
and several other American products 
figure prominently in this chapter. 
The section on muscles includes infor- 
mation on muscle testing, and places 
strong emphasis, by description and 
photography, on the coordinated use 
of muscles in body action. The chap- 
ter on the central nervous system 
found in general anatomies is often 
ignored by students in favor of books 
on neuroanatomy. This should not be 
so with this volume because of the 
emphasis on function and the attrac- 
tive and informative illustrations to 
be found in this chapter. The other 
sections present their material well. 
The descriptions are crisp and many 
radiographs, photographs, and semi- 
diagrammatic figures of good teach- 
ing value have been added to the 
older illustrations. 

Now for some shortcomings that 
are common to most of the large 
texts. The secondhand copy of the 
1923 edition, which I used as a stu- 
dent, related human arterial anom- 
alies to the comparative anatomy of 
the blood vessels. This material is 
missing in later editions of Cunning- 
ham, and of the other texts. It is, of 
course, symptomatic of the limbo in 
which comparative anatomy has been 
placed. This in spite of the fact that 
many of the basic advances of this 
century, such as the discovery of 
the atrioventricular and sinoauricular 
nodes, the understanding of the sepa- 
ration of function of the lobes of the 
pituitary and that of the cortex and 
medulla of the suprarenal gland, and 
the anatomy of the central nervous 
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system, all rest considerably upon an 
acquaintance with comparative anat- 
omy. 

What is even harder to accept is the 
failure of anatomical texts to keep 
pace with clinically important gross 
anatomy. In this respect many of the 
shorter texts now available have done 
better than the Cunningham. In this 
edition, for example, the liver is still 
described as being divided into two 
lobes by the falciform ligament, in 
spite of Bourgery and Jacob’s beau- 
tiful dissection of the portal struc- 
tures in 1839, and of Cantlie’s une- 
quivocal demonstration in 1897 of the 
line of demarcation passing through 
the vena cava and gallbladder. The 
further delineation of segments by 
Healey and Shroy in 1953 and others, 
of current clinical use, is also not con- 
sidered. No segmentation of the kid- 
ney is mentioned, although well de- 
seribed by Graves in 1954. There is 
said to be “no special connection be- 


-+ ` tween the two nodes” of the cardiac 


NOV Its 


* conduction system. The description of 
_ the coronary arteries carries no men- 


tion of the special arteries to the 


~‘gsinoauricular and atrioventricular 


nodes, a matter of considerable con- 
cern to the cardiologist. While views 
through the otoscope and laryngo- 
scope are pictured, there are no illus- 
trations of what is seen through the 
ophthalmoscope, bronchoscope, or sig- 
moidoscope. 

It appears to me that while anat- 
omists with a special interest in 
electron microscopy are broadening 
their views, the gross anatomists are 
narrowing theirs. At the least, the 
writers of gross anatomies should 
have lunch with their clinical col- 
leagues and go to clinical conferences 
at least twice a week. 

EDWARD A. EDWARDS, MD 
Boston 


Surg ry of the Elbow, ed 2. By Frederick M 
Smith, MD. Price, $14. Pp 340. WB Saunders Co, 
West Washington Sq, Philadelphia 19105, 1972. 


Surgery of The Elbow, ed 2, fills a 
very real need in the library of each 
orthopedic and trauma surgeon, and 
will be useful and appropriate to him 
at any stage in his education or his 
practice, for in no other single volume 
can one find so much timely and use- 
ful information about problems af- 
fecting this area, whether traumatic, 
congenital, or disease-related in 
origin. 

In the preface to the first edition, 
Dr. Smith addressed himself to “the 
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student, the resident, and the young 
surgeon who may become utterly con- 
fused by the number of plausible 
methods of treatment suggested for a 
given condition.” The second edition, 
updated and expanded, addresses the 
same audience. The subject material 
is arranged and developed so that the 
early chapters can be grasped by all 
and contain a body of information 
each physician should have about the 
anatomy, pathophysiology, examina- 
tion, and treatment principles in- 
volved in caring for lesions of this 
critical area. Later chapters go into 
more complete detail about the com- 
mon and unusual lesions of the elbow 
and their management, and they are 
more directly addressed to the senior 
resident and practicing physician. 
These include chapters on early and 
late complications of trauma, compli- 
cations of treatment, rehabilitation, 
infections, Volkmann ischemic con- 
tracture, and the nature and manage- 
ment of nontraumatic conditions. 

The chapters are profusely illus- 
trated and the reasons for the selec- 
tion of particular modes of treatment 
favored by the author for individual 
problems are discussed in detail. Par- 
ticularly well developed is the section 
on the management and hazards of 
fractures and other injuries in the 
area of the elbow in children. 

The final chapter brings the subject 
material on arthrodesis and arthro- 
plasty up to date. 

This is an excellent and unique vol- 
ume. The author is an orthopedic sur- 
geon of international reknown with 
many years of experience and inter- 
est in dealing with the problems un- 
der discussion. It is a classic in its 
field and each of us who would deal 
with diseases and injuries of the el- 
bow should own it and read it. 

J. DRENNAN LOWELL, MD 
Boston 
Gastrointestinal Angiography. By Stew- 
art R Reuter, MD and Helen C Redman, MD. 
Price, $17. Pp 292 with 268 illustrations. WB 


Saunders Co, West Washington Square, Phila- 
delphia, 19105, 1972. 


Angiography of the gastreintesti- 
nal tract is a relatively recent addi- 
tion to the diagnostic methods of the 
radiologist. Within the past decade, 
increasing interest has been manifest 
in the study of vascular disease, neo- 
plasms, and inflammatory lesions of 
the intestine. In particular, interest 
has focused on gastrointestinal bleed- 
ing in terms of detecting its site of 
origin and of controlling it pharmaco- 


logically. As angiography has spread 
from the teaching medical center into 
the community hospital, the utiliza- 
tion of these methods in the study of 
gastrointestinal disease has under- 
gone a logarithmic increase. As a con- 
sequence, there is an enormous de- 
mand for up-to-date, authoritative 
information on the methods and their 
yield. 

Reuter and Redman are eminently 
qualified to distill their experience in 
the area and to elaborate a useful 
overview of the subject. They have 
described technique in some detail in 
the first chapter, which will be wel- 
comed by the resident in training or 
the novice in the field. Sequer#agl 
chapters deal with normal anatomy, 
neoplasms, trauma, inflammatory dis- 
ease, equipment, and pharmacoangiog- 
raphy. Each chapter is characterized 
not only by a summary of the litera- 
ture and of their experience, well il- 
lustrated by and large, but also by an 
up-to-date bibliography with refer- 
ences to some of the more important 
articles in the text. Most illustrations 
are excellent, although in the first 
chapter there are a number that are 
lacking in contrast and not up to the 
general standard of the volume. In 
brief, this a well organized, useful ex- 
position of the present state of the 
art, and one that will be helpful to 
those entering the field. 

There are a few gaps, and one in 
particular stands out because of the 
major renewal of interest in the sub- 
ject. The low flow states in ischemic 
disease of the intestine, which have 
commanded increasing attention in 
recent years, are given rather short 
shrift. There is neither illustrative 
material nor a careful description of 
the characteristic findings in the low 
flow state. No effort has been made 
to explain the underlying mechanism 
whereby these changes occur. Since 
pharmacoangiography is dealt with 
in some detail, and since pharmaco- 
logic agents may well be applicable to 
the low flow state, it is surprising 
that authors with so much expertise 
in the field have not encompassed this 
subject more compellingly. 

Magnification radiography is an- 
other area in which the treatment 
recorded in this volume is less than 
satisfactory. 

These are small deficiencies, how- 
ever, in a volume that is of high qual- 
ity and great timeliness. 

HERBERT L. ABRAMS, MD 
Boston 
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Before prescribing Dalmane (flurazepam HCl), 
please consult Complete Product Informa- 
tion, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in acute 
or chronic medical situations requiring restful 
sleep. Since insomnia is often transient and 
intermittent, prolonged administration is gen- 
erally not necessary or recommended. 


Contraindications: Known hypersensitivity to 
flurazepam HCl 


Warnings: Caution patients about possible 
combined effects with alcohol and other CNS 
depressants. Caution against hazardous occu- 
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You expect your preoperative patient to be somewhat anxious 
and apprehensive about the scheduled surgery. But in some cases, 
psychic tension reaches undesirable levels 
as the time for the procedure approaches. 

In such situations, 10 mg Injectable 
Valium’ (diazepam), administered I.M. an 
hour or two before the operation, can lessen 
the undue anxiety and tension associated 
with strange surroundings and disturbing 
procedures. The calming effect is generally 
prompt and pronounced. What’s more, 
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Valium (diazepam) can markedly reduce the 
patient’s recall of preoperative procedures. 
Injectable Valium seldom significantly 
alters vital signs. Nevertheless, there have been 
infrequent reports of hypotension and rare 
reports of apnea and cardiac arrest, usually 
following I.V. administration, especially in 
elderly or very ill patients. ~ 
and those with limited “@ 
pulmonary reserve. 
Resuscitative facilities 
should be available. 








reduction of narcotic dosage should be considered. ~ f 

(See prescribing information S 
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jaa The 10-mg disposable syringe is especially 
e useful in this respect, since it provides 

a convenient method of using Valium and 

at the same time helps assure 

aseptic handling. 
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Before prescribing, please con- 
sult complete product information, 
a summary of which follows: 

Indications: Tension and anx- 
iety states, somatic complaints 
which are concomitants of emo- 
tional factors; psychoneurotic states 
manifested by tension, anxiety, ap- 
prehension, fatigue, depressive 
symptoms or agitation; symptomatic 
relief of acute agitation, tremor, de- 
lirium tremens and hallucinosis due 
to acute alcohol withdrawal; adjunc- 
tively in: relief of skeletal muscle 
spasm due to reflex spasm to local 
pathology; spasticity caused by up- 
per motor neuron disorders; atheto- 
sis; stif/man syndrome; tetanus; 
status epilepticus and severe recur- 
rent seizures; anxiety prior to gas- 
troscopy, esophagoscopy, and surgi- 
cal procedures; cardioversion (I.V.). 

Contraindicated: In infants; in 
patients with known hypersensitivity 
to the drug; in acute narrow angle 
glaucoma; may be used in patients 
with open angle glaucoma receiving 
appropriate therapy. 

Warnings: Inject I.V. slowly, 
directly into vein; take at least one 
minute for each 5 mg (1 ml) given. 
Do not mix or dilute with other solu- 
tions or drugs. Do not add to I.V. 
fluids. Rare reports of apnea or car- 
diac arrest noted, usually following 
I.V. administration, especially in 
elderly or very ill and those with 
limited pulmonary reserve; dura- 
tion is brief; resuscitative facilities 
should be available. Not recom- 
mended as sole treatment for psy- 
chotic or severely depressed patients. 
Should not be administered to pa- 
tients in shock, coma, acute alcoholic 
intoxication with depression of vital 
signs. Caution against hazardous 
occupations requiring complete 
mental alertness. Advise against 
simultaneous ingestion of alcohol 
and other CNS depressants. With- 
drawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discon- 
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tinuance (convulsions, tremor, ab- 
dominal and muscle cramps, vomit- 
ing and sweating). Keep addiction- 
prone individuals under careful 
surveillance because of their pre- 
disposition to habituation and de- 
pendence. In pregnancy, lacation or 
women of childbearing age, weigh 
potential benefit against possible 
hazard to mother and child. 

Precautions: If combined with 
other psychotropics or anticonvul- 
sants, carefully consider individual 
pharmacologic effects—particularly 
with known compounds which may 
potentiate action of Valium 
(diazepam), such as phenothiazines, 
narcotics, barbiturates, MAQ in- 
hibitors and other antidepressants. 
Usual precautions indicated m pa- 
tients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usual precau- 
tions in impaired renal or hepatic 
function. Not recommended ‘or 
bronchoscopy, laryngoscopy, obstet- 
rical use, or in diagnostic pre- 
cedures other than gastroscopy 
and esophagoscopy. Laryngospasm 
and increased cough reflex are pos- 
sible during gastroscopy; nec2ssary 
countermeasures should be avail- 
able. Hypotension or muscular 
weakness possible, particular y when 
used with narcotics, barbiturates or 
alcohol. Since effect with narcotics 
may be additive, appropriate reduc- 
tion in narcotic dosage is possible. 
Use lower doses (2 to 5 mg) for el- 
derly and debilitated. Safety and effi- 
cacy in children under 12 not 
established. 

Side Effects: Drowsiness. fa- 
tigue, ataxia, confusion, depression, 
constipation, dysarthria, dip opia, 
headache, hypoactivity, hiccaps, 
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(1) author, (2) title, (3) journal name (as abbreviated 
in Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, 
(6) publisher, and (7) year. Volume and edition num- 
bers, specific pages, and name of translator should be 
included when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
their correct text citation. Note this journal’s punctuation 
and sequence style in published reference lists. 
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PI Refer to patients by number (or, in anecdotal reports, 
by fictitious given names). Real names or initias should 
not be used in the text, tables, or illustrations. 


[ All measurements are to be in metric units. 


[ Letters to the Editor. The Editor will be p eased to 
receive correspondence of 250 words or less that pertains 
to material published in the ARCHIVES or of other matters 
of interest to its readers. If intended for publicat.on, such 
letters should be clearly marked “For Publicaticn.” 


Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, urmounted 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
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sheet of paper. Length should be limited to a maximum 
of 40 words. 


[ An-experienced medica! illustrator should be =mployed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- | 
mitted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leade=s should 
be applied directly to the drawing board surfaze if the 
artwork consists only of line ink technique. 


A A letter of consent must accompany all phctographs 
of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing cdor illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 
illustrations which can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (35 
mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. If transparencies are mounted in “rames or 
glass, the material should be carefully packed in gauze 
and sent with the manuscript in a separate container or 
between two pieces of pressboard. 


Each table should be typed double-spaced, including 

all headings, on a separate sheet of 22 x 28 cm paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. 
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Editorials 


E: the prafuse discussions about 
the cost ard distribution of medi- 
cal care, surprisingly little attention 
has been paid -othe question of what 
determines peysicians’ fees. Despite 
complex “relat v2 value” schemes suf- 
ficient to chake a computer, many in- 
consistencies, imequities, and ab- 
surdities rema n 

Before gettiag lost in specific enig- 
mas, letus first try to recognize a few 
guiding generslities, 

Physicians cre paid according to 
the service perormed without regard 
to outcome. 


A radical mastectomy, for example, 
has an associatad monetary value, ir- 
respective of morbidity, mortality, or 
cure. 

Perhaps the zenesis of this modus 
operandi wae the justificble reluc- 
tance of the earliest physicians (and 
us today) tc auarantee health and 
survival, whic are not completely 
within the ccrtrol of ary human 
being. With ex without a skilled doc- 
tor, disease and death evertually su- 
pervene. 

Another feature often forgotten is 
that a medical payment do2s not de- 
pend upan the skill with which the 
service isperferned. A careless colec- 
tomy will bring -he surgeon the same 
fee as one done with finesse. 

Physicians ere paid differently for 
their time and *-extment. 

A total gastrectomy garners a 
larger fee thai a herniorrhaphy. 
These variations aze alleged y related 
to differences im -he complexity of the 
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Fees 


A Perspective 


procedure, the skill required, and the 
potential hazards. Less understand- 
able are the fee discrepancies among 
disciplines. Is a cataract operation 
twice as difficult as a cholecystec- 
tomy? Is an hour of a surgeon’s time 
intrinsically more valuable than that 
of a psychiatrist, pediatrician, or in- 
ternist? Why is the diagnosis of hy- 
peraldosteronism worth the same as 
that of the common cold? In most 
third party payments, a patient visit 
is a patient visit; a consultation is a 
consultation; in surgery, Gertrude 
Steinism ends because an operation is 
not an operation is not an operation. 

Differences in monetary recom- 
pense among surgical specialties are 
not due solely to the realities of sup- 
ply and demand. Of importance are 
less tangible factors. Therapies re- 
quiring manual dexterity seem to 
earn more than cerebration alone. A 
doctor performing coronary bypass 
generally receives more than does his 
colleague for managing a patient 
with a coronary occlusion. Yet, in 
both instances, the physician is di- 
recting his efforts toward the same 
objective: restoring the health of the 
patient. Is the monetary hierarchy in 
medicine related to a hierarchy of the 
body? Are the brain and heart king 
and queen and the large intestine and 
liver merely the knaves? It becomes a 
mediphysical riddle. 

What about the fees charged by 
plastic surgeons for operations for 
appearance, such as rhinoplasty or 
face lift? Since these procedures are 
elective and are an enhancement 


rather than a necessity, one might ar- 
gue that the usual standards for fees 
do not apply. 

Although for many of these pa- 
tients, “cosmetic” surgery is reha- 
bilitative, some might question 
whether their cost should be more 
than a lifesaving operation. Few sur- 
gical acts are more lifesaving than a 
tracheostomy or drainage of an ab- 
scess. Should they have a higher fee 
than a vein stripping or a median 
neurorrhaphy? 

The practice of medicine, like other 
activities of man, lacks apparent con- 
sistency. Paradoxes abound. Cultures 
vary in their values. A ballet dancer 
in Russia, for example, engenders the 
great excitement and top money that 
a professional football star does in 
the United States. And here, a rock- 
’n’-roll singer will make far more 
money than any elected or appointed 
public official, including the Presi- 
dent. Pecuniary reward, of course, is | 
not the only measure of society’s es- 
teem. A Supreme Court justice gains 
a different kind of respect than a 
speed car racer. 

To provoke and not to resolve is a 
well-known stratagem of an editor. 
Unlike today’s readers, patients of 
the future, however, will not be So 
easily content with the antics of an 
Artful Dodger. The capricious aspects 
of physician’s fees will undoubtedly 
receive severe scrutiny, long due. 
The time is overripe for a candid look 
from within. 

ROBERT M. GOLDWYN, MD 
Brookline, Mass 
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Accelerated Medical School Curriculum 


A Proposal 


Sheets over the nation’s health 
manpower needs has had signifi- 
cant effects upon medical education. 
Medical schools have reacted by the 
establishment of accelerated curric- 
ula. Most medical specialty boards 
have accepted the internship as a 
year of residency training, thus re- 
ducing the length of training re- 
quired for certification. 

Approximately one third of the na- 

tion’s medical schools now offer a 
three-year program or offer their stu- 
dents the option of graduating from 
medical school within three years of 
admission.’ Swanson? observed that 
The three-year medical school concept has 
become a popular idea. . . . The popularity 
of the three-year medical school concept 
among the public and their legislative rep- 
resentatives stems in part from the belief 
that the length of medical education places 
a hardship on students and from the desire 
to increase physician output by the one- 
time benefit of graduating two classes 
simultaneously. 
Many have questioned whether these 
are appropriate reasons for a shorter 
medical school curriculum, but most 
favor improvement in medical school 
courses, better correlation of subject 
matter among various disciplines, 
and early choice of career goals. 

The elimination of the internship 
as an isolated postgraduate experi- 
ence has drawn divergent reactions, 
also. There is obviously justified con- 
cern that preparation of the physician 
will not be adequate if both medical 
school curricula and specialty clinical 
training are abbreviated. 

Medical educators are faced with a 
number of problems. Each discipline 
considers that the amount of knowl- 
edge that should be presented to med- 
ica] students has increased greatly. 
Medical students complain that the 
basic science subjects are often dull 
and that the subject matter is not 
pertinent or poorly correlated with 
clinical problems. Basic science de- 
partments have stated that they have 
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some difficulty attracting graduate 
students into their fields of interest. 
Medical schools continue to have fi- 
nancial problems, many related to the 
costs of preclinical studies. Medical 
students become impatient because 
clinical experience is delayed or di- 
lluted by basic science subjects. 
These reasons are not convincing 
when taken separately, and, perhaps, 
do not merit serious consideration. 
However, the desire to change and 
improve the medical school curricu- 
lum is real. This line of thinking has 
led to a proposal that the contraction 
of time in medical school is bemg in- 
troduced at the wrong end of tke edu- 
cational experience. Perhaps some of 
the basic science subjects should be 
requirements for admission to medi- 
cal school and should be included in 
the universities as premedical sub- 
jects. Subjects such as anatomy, his- 
tology, basic microbiology, and much 
of biochemistry could be required of 
students as admission prerequisites. 
There is ample reason to feel that 
both a satisfactory liberal education 
and premedical preparation could be 
encompassed in four years in the uni- 
versity before entry into medical 
school. Northwestern University Med- 
ical School has had a special two-year 
college course as part of an accelera- 
ted medical school program for some 
years. This has led to graduation 
from medical school six years after 
graduation from high school for a 
group of carefully selected students. 
It is reasonable to assume that a 
large group of young men anc women 
could attain scholastic competence in 
a similar curriculum, which, however, 
would include the required basic med- 
ical science subjects in a four-year 
college program. This would nave the 
additional advantage of placing grad- 
uate students in anatomy, biochem- 
istry, etc, in the university graduate 
school, not in conflicting relationship 
with medical students and likely lead- 


ing to greater recruitment of gradu- 
ate students in those important basic 
science areas. 

Medical schools could then concen- 
trate on early clinical exposure, clini- 
cal correlation of basic science sub- 
jects, and early career choice. There is 
a clear need for clinical science in- 
struction such as clinical pharmacol- 
ogy, clinical microbiology, and immu- 
nology. There would be an increased 
teaching responsibility for some sub- 
jects as exemplified by pathology, 
where abnormal microscopic changes 
would require review of normal his- 
tology. 

There are some obvious objections 
to the separation of the basic sciences 
from the medical school environment. 
One of the reasons given for inclusion 
of these disciplines within the medi- 
cal school curriculum has been the op- 
portunity for exchange of ideas and 
the interchange of information with 
the clinical departments. This aca- 
demic relationship is often more theo- 
retical than real; and the retention of 


= appropriate clinical science subjects 


would counter this objection, in part. 
This proposal would require admin- 
istrative changes within the univer- 
sity, but the gains for medicine might 
be significant. The proposed restruc- 
turing of the medical school would 
provide for three years of clinical sci- 
ence and focus on preparing the grad- 
uates for their postgraduate training. 
The goal of the medical system is to 
produce competent physicians to pro- 
vide sound care to the sick, and this 
change in medical school might pro- 
vide a substantial and efficient im- 
provement. 
Joun M. BEAL, MD 
Chicago 
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Papers Read Before the Thirtieth Annual 
Meeting e% the Central Surgical Association, 


Toronto, Feb 22-24, 1973 


The Role of a Regional Surgical Society 


John M. Beal, MD, Chicago 


T the thre= decades that have 
elapsed simee the founding of the 
Central Surgil Asseciation, the size 
of the membezship has increased, the 
composition cf the membership has 
changed, and <here has been a re- 
markable alteration in the scientific 
world in general. It seems appropri- 
ate te examine the cdjectives of this 
Association, t= attempt to determine 
how suecessfu zhe society has been in 
meeting these zoals, and te consider 
setting new oe ectives for the future. 
Many of thee remarks may have 
more general application, but I will 
consider the Central Surgical Associ- 
ation in partieular because of my fa- 
miliarity with it. 

The Membership Roster and Bio- 

graphical File which was published in 
1968, containec the early history of 
the Central Sargica! Association. The 
original chart=r for -he organization 
was granted bY the Scate of Ohio, Dec 
18, 1940, and zae ineorporators were 
designated: Boy DB. McClure, Max 
Zinninger, and George Curtis. The 
first two arteles of incorporation 
dealt with name and location. Article 
ITI stated, 
The purposes fer which this corporation 
was formed are “To further the practice of 
surgery in its various departments, and 
the study and mvestigation of surgical 
problems.” 


The format « the scientific sessions 
was establishec for the first meeting 
of the Association which was held in 
Ann Arbor, Mich, Feb 28, 1941, and 
has been changed little since that 
time. 


Accepted for pu nicatiom March 30, 1973. 

From the Department of Surgery, North- 
western Universi Medica! School, Chicago. 

Reprint requeszs to the Department of Sur- 
gery, Northwestesr University Medical School, 
303 E Chicago Awe Chicago 606ll. 
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The purposes of the society, as 
stated in the charter, are not greatly 
different from many other surgical 
societies and are sufficiently meri- 
torious and general to gain accept- 
ance from a constituency of varied 
background. Scientific societies are 
formed primarily to increase and to 
disseminate knowledge in the field of 
interest of the membership. In the 
presidential address to the Society of 
University Surgeons, in 1959, Hanlon’ 
observed that the permanence of a 
scientific society depends primarily 
on the breadth of its goals. Objectives 
that are too narrow, or impractical 
and diffuse, may result in the early 
demise of the organization. He also 
observed that the size of a scientific 
society is related to the objectives and 
to the organization’s methods of pro- 
cedure. These and other factors influ- 
ence the permanence of societies. 
Those that rest primarily on the en- 
thusiasm of a single founder or spon- 
sor tend to disintegrate when the 
sponsor is no longer present. A brief 
review of the history of scientific or- 
ganizations provides insight into 
some of these points. 

The first scientific society seems to 
have been the Academia Secretorum 
Naturae, which was founded in 1560 
in Naples by Giambattista della 
Porta.” The members were friends 
with similar interests who met in the 
home of della Porta. In order to gain 
membership, each candidate had to 
present some hitherto unknown fact 
or observation in natural science. The 


society was dissolved after a brief pe- - 


riod of existence when the leader, 
della Porta, was accused of the prac- 
tice of witchcraft. 

Another example of the perilous po- 
sition of a society that depends on a 
single patron is that of the Acca- 
demia dei Lincei, founded in Rome in 


1601 and enlarged in 1609 to a mem- 
bership of 32. Duke Federigo Cesi was 
a nobleman who was interested in ex- 
perimentation, in the collection of 
natural objects, and in botany. He 
gathered together a group whose aim 
was the study of nature and included 
della Porta, Fabio Colonna, and Ga- 
lileo. They produced the Gesta 
Lynceorum, the proceedings of the so- 
ciety, which was the first scientific 
publication by any society. Galileo 
made an instrument for this group, 
which still retains the name that one 
of the members gave it, the micro- 
scope. Duke Cesi died in 1630, and the 
society lost its chief support. The con- 
demnation of Galileo in 1633 resulted 
in the termination of the academy al- 
together. 

Fifty years later, the first learned 

society seems to have been founded in 
America. The Boston Philosophical 
Society was established through the 
efforts of Increase Mather in 1683. 
This group was said to be 
A Philosophical Society of Agreeable Gen- 
tlemen, who met once a fortnight for a 
Conference upon Improvements in Philoso- 
phy and Additions to the Stores of Natural 
History. 
The existence of this group was brief, 
primarily because the founder had 
many more pressing interests and ob- 
ligations. 

The medical profession was slow to 
form organizations in the New World. 
A medical society was reportedly 
founded in Boston in 1735 and lasted 
for at least half a dozen years. How- 
ever, it was not until the Revolution- 
ary War that physicians were set 
apart in a distinct profession and 
paved the way for the establishment 
of lasting medical societies. The New 
Jersey Medical Society, later the 
Medical Society of New Jersey, was 
formed in New Brunswick in 1766 and 
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is still in existence. The next great 
significant development for orga- 
nized medicine was the formation of 
the American Medical Association in 
1847, which was composed of a body 
of representatives from medical col- 
leges, hospitals, and medical societies, 
which adopted the Association’s code 
of ethics. 

For some years, surgeons in this 
country seemed content to be in- 
cluded in local or regional medical as- 
sociations, and indeed few physicians 
limited their practice to surgery at 
this time. It was not until late in the 
19th century that a number of surgi- 
cal societies appeared. Lund’ stated 
that 


The year of 1879 was perhaps the most im- 
portant in the history of surgical organiza- 
tions in this country of ours, for that year 
witnessed the birth of the American Surgi- 
cal Association, the Philadelphia Academy 
of Surgery, and the New York Surgical So- 
ciety. ' 

The founding of the first two of these 
three societies is attributed to the dy- 
namic and farsighted leadership of 
Dr. Samuel D. Gross, then professor 
of surgery at Jefferson Medical Col- 
lege, who was also responsible for the 
establishment of the Pathologic Soci- 
ety of Philadelphia. The proposal for 
these societies was met with en- 
thusiasm and cooperation by surgical 
practitioners, and their continued ac- 
tivity attests to remarkable talents of 
Dr. Gross, who sensed the need for or- 
ganizations for “the cultivation and 
improvement of the art and science of 
surgery.” 

Since that time, there has been a 
remarkable burgeoning of surgical 
societies, which represent regional as 
well as national groups, surgical spe- 
cialties, and special areas of interest 
such as hand, or head and neck sur- 
gery. Among regional surgical so- 
cieties, the Central Surgical Associa- 
tion is youthful when contrasted with 
the Western Surgical Association, 
founded in 1891, and the Southern 
Surgical Assoċiation, 1887; and, in- 
deed, the early standards of the Cen- 
tral were established to conform with 
these two organizations. 

The Central Surgical Association is 
typical of other regional societies. Its 
chief function centers about an an- 
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nual meeting, which is held in a met- 
ropolitan area within the region con- 
sidered to be central for Canada and 
the United States. The membership is 
selected from candidates recom- 
mended by members of the society 
and elected at the annual meeting. 
The major scientific activity has been 
the presentation of papers during 
this meeting, which lasts for three 
days. Business of the society is con- 
ducted by the elected officers and 
council of the organization and is re- 
ported to the membership at the an- 
nual business meeting. 

The original membership of the so- 
ciety was 100 active members, and 
this was later increased to the pres- 
ent limit of 175. At the present time, 
there are 159 active members, and 452 
senior members, for a total 611. How- 
ever, these figures are somewhat mis- 
leading because of the mobility of a 
large segment of our surgical society. 
Originally selected from the Central 
States of our country, members of 
this organization now reside in 37 
states, the District of Columbia, and 
five Canadian provinces, and are scat- 
tered from Maine to Hawaii. 

If one restricts the analysis to the 
13 Central States of the United 
States, 22 four-year medical schools 
were in existence in this region when 
the Central Surgical Association was 
founded. Not only has this number 
risen to 31 (including those schools 
under active development), but the 
enrollment within the older schools 
has increased. Of the ten US medical 
schools that contribute the largest 
number of graduates to the US grad- 
uate medical education programs, six 
are in the Central States. 

During the past 30-year period, 
there has been exuberant growth of 
training programs in surgery and in 
the surgical specialties, and an in- 
crease in the number of certified 
surgeons. In 1972, the East North 
Central States (Illinois, Indiana, 


Michigan, Ohio, and Wisconsin) àc- 


counted for 18% of the total number 
of residency programs, 18% of the res- 
idency programs in surgery, and re- 
cruited 18% of the available resident 
staff pool.* When the Central Surgical 
Association was formed, the Ameri- 
can Board of Surgery was just 3 years 
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old, and the number of surgeons who 
had been certified by the Board was 
small, other than 1,152 certiied in the 
Founders Group. By 1972, a total of 
18,259 candidates had received the di- 
ploma of the American Board of Sur- 
gery by examination. 

From these few figures, t may be 
concluded that the increase in compe- 
tent, well-trained surgeons has ex- 
ceeded the increase in mem ership in 
the Central Surgical Assoeiation, a 
finding that may be true of other re- 
gional surgical societies. Because one 
of the objectives of this socety is ‘to 
further the practice of suvgery,” it 
would seem desirable to include as 
many well-trained leaders, as well as 
potential leaders, of surgery as pos- 
sible within an organizaticm of this 
type. In 1969, a total of 19 rew mem- 
bers were elected to membership, 
only two of whom did not give a med- 
ical school appointment as their pri- 
mary position. Strong medal school 
representation is highly desirable, 
and“t would be folly to Giscourage 
contributions from the academic por- 
tion of our membership. However, the 
tendency of membership cammittees 
to place a high premium on the num- 
ber of publications that candidates 
list puts many community kaders at 
a disadvantage. If this asscciation is 
to be representative of surgery in the 
region from which its members are 
drawn, a reasonable increase in mem- 
bership is needed, and the member- 
ship committee will have to reflect on 
the criteria for the selection of candi- 
dates and include an overall appraisal 
of their contributions to surgery. 

In considering the role of regional 
societies, there can be little ergument 
about their relative position in the hi- 
erarchy of professional organizations. 
Thus, one of the functions cf this re- 
gional surgical association should be 
to help in the preparatioa of the 
younger members as candidates for 
membership in national »organiza- 
tions. The attitude of the Central 
Surgical has been good in this regard 
and should continue. The encour- 
agement of attendance at ts meet- 
ings by surgical residents may be an 
initial step toward gaining their in- 
terest in the organization a-ter com- 
pletion of training. Presenzation of 
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scientific papers by the junior authors 
should be the rule rather than the ex- 
ception. Criteal discussion of these 
papers does much te maintain a high 
scientific level and to assure the pre- 
sentation of seund factual data. New 
members of “he Assaciation should be 
included in «emmittee activities as 
often as possible The opinion of the 
younger members of the organization 
might be particularly helpful in the 
selection of mew members and in the 
preparation ef the program of the an- 
nual meeting. 

During the three decades of exis- 
tence of our organization, extraordi- 
nary changes have occurred in sur- 
gery. Among these have been the de- 
velopment of vascular and cardiac 
surgery and ergan transplantation, 
which were virtually unknown at the 
time of the seciety’s inception. In ad- 
dition, there save been increasing so- 
cial and ecomemie pressures that in- 
fluence medcine in general, and 
many are directed primarily at the 
practice of surgery. 

One may cuestien whather the 
present type ef mesting meets the 
needs of a regional surgical society. 
The presenta:ion of papers that con- 
sist of short addresses and discussions 
is designed primarily to put forward 
new ideas, previously undiscovered 
facts or findings, er to summarize un- 
usual experiemces. One may question 
whether there are indeed sufficient 
new discoveries te provide substance 
for three doze= pavers over a two-day 
period. Conversely, one may argue 
that many of the presentations re- 
view important subjects of current 
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interest, although the content is not 
necessarily original. There is much 
merit to this, and this reasoning sup- 
ports the concept that continuing 
education is or could become a major 
objective of such meetings. If there is 
justification in an increase in the size 
and scope of the membership, then a 
change in the objectives of the scien- 
tific program might well be consid- 
ered. I hope that my successor may 
agree with some of these remarks and 
might feel them important enough to 
appoint a committee to consider fu- 
ture plans and objectives. Careful 
planning could produce a strong edu- 
cational program while still encour- 
aging the presentation of scientific 
papers of high quality. 

There has been much unjustified 
criticism of physicians for failure to 
keep abreast of current develop- 
ments. However, complexity of many 
recent advances in the field of sur- 
gery has taxed all, and the problem of 
review and study for a busy surgeon 
is formidable. The American College 
of Surgeons recognized the validity of 
the need of review and has sponsored 
the successful and well-designed Self- 
Education and Self-Assessment Pro- 
gram (SESAP). Many of those pres- 
ent have participated in this self-ap- 
praisal examination. While it is not 
recommended that regional organiza- 
tions attempt similar or competing 
ventures, it would be feasible for the 
program of their annual meetings to 
be arranged to include presentations 
that would be of general interest and 
beneficial to the membership. An or- 
ganization of this size and reputation 


might well have an invited speaker. 

The speaker selected because of his 
renown and contributions in his field 
of endeavor could address the society 
on a subject of a scientific nature or 
on one relating to patient care. Be- 
cause this organization is composed of 
surgeons, motion pictures might be 
included as a structured portion of 
the program. This excellent means of 
instruction is suitable for review of 
surgical principles or for the presen- 
tation of new and revised techniques 
in surgery. Active solicitation of pa- 
pers within the membership or from 
investigators outside of membership 
can be considered. 

These remarks have been presented 
to stimulate thoughtful concern about 
the future course of regional surgical 
societies. The ultimate goal is to pro- 
vide the patient with optimum care 
when surgical attention is required. 
Surgical societies hold meetings to 
disseminate medical knowledge, and 
we must strive to make this as effec- 
tive as possible. William Mayo stated 
in an address in 1928: “The glory of 
medicine is that it is constantly mov- 
ing forward, that there is always 
more to learn.” 
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Karly Endoscopy 


A Guide to Therapy for Acute Hemorrhage 
in the Upper Gastrointestinal Tract 


Choichi Sugawe, MD; Michael H. Werner, MD; Dennis F. Hayes, MD; 
Charles E. Luzes, MD; Alexander J. Walt, MD, Detroit 


The surgical ensioseopy ‘unit at Detroit 
General Hospita has examined 183 patients 
with acute herormage in the upper gas- 
trointestinal “ract during the past 14 
months. Most >atients (160) were examined 
within 48 hours of admission. The esoph- 
agogastroduogeso0ssope was used through- 
out. Successful visualization of the esoph- 
agogastroduogemal area was accomplished 
in 178 patients 97%). 

The primary cause of bleeding as judged 
endoscopicallywas acute gastric erosion due 
to alcohol or saicyates in 75 patients, be- 
nign ulcer dise=se im 52, Mallory-Weiss syn- 
drome in 27, and esophageal varices in 
eight. Sixty-eigh- patients (43%) had more 
than one sourse of bleeding. Intraoperative 
endoscopy in I? patients circumvented the 
need for exploratory gastrotomy. The high 
incidence of superficia! lesions correlated 
well with the hiz incidence of negative bar- 
ium study (67%) in these patients. 


echnologies! advances that permit 
the deve epment of new instru- 
ments may drematiecally improve our 
diagnostic capasilities and con- 
. sequently our dinical decisions. The 
flexible esophegozastroduodenoscope 
is an excelleet example and has 
brought to the clinical management 
of the patient with bleeding in the 
upper gastrom-es:inal tract, a ratio- 
nality that was laeking as leng as the 
physician had te eepend on a clinical 
history that is eften deceptive, physi- 
cal findings tmet are often nonspeci- 
fic, and radiog=aphic reports that are 
often unrelia Ee: 


Until recently, up to 30% of pa- 
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tients with bleeding in the upper gas- 
trointestinal tract were discharged 
from the hospital without a definitive 
diagnosis. This was in large measure 
a reflection of the superficial situation 
of many of the causative lesions in 
the gastroduodenal or esophageal mu- 
cosa and to the great rapidity of 
mucosal regeneration in these tissues. 
This poor diagnostic achievement un- 
dersecores the limitations of radio- 
graphic examination. While, more re- 
cently, angiography during the acute 
bleeding phase has been advocated, 
this examination is rarely necessary 
with the advent of the fiberendo- 
scope, which provides direct vi- 
sualization of the mucosa of the 
esophagus, stomach, and duodenum. 
Complete examination of these areas 
may be accomplished rapidly, rela- 
tively easily, without appreciable haz- 
ard to the patient, and with the prom- 
ise of accurate diagnosis in about 95% 
of patients, leading to rational ther- 
apy. Furthermore, in some cases in 
the past, incorrect assumptions as to 
the source of the bleeding were made, 
based on the demonstration of inci- 
dental lesions that were in fact not 
the origin of the hemorrhage. Inaccu- 
rate or frankly misleading data of 
this kind not infrequently led to ther- 
apeutie vacillation or inappropriate 
surgical intervention. 

The purpose of this study was to as- 
sess the potential value of the esoph- 
agogastroduodenoscope (Olympus 
G.I.F. Type D) as a means of (1) de- 
fining rapidly and accurately the 
source of hemorrhage in patients 
with acute bleeding in the upper gas- 
trointestinal tract, (2) replacing 
roentgenographic studies in the acute 
phase at least, and (3) assessing the 
potential need for surgical interven- 








tion and perhaps in determining the 
optimal time for operation should this 
seem necessary. 

Patients who were in the hospital 
suffering from acute erosive gastritis 
as a sequel to trauma, hypotension, or 
sepsis were deliberately excluded 
from the series and have been consid- 
ered elsewhere.’ 


Clinical Data 


Between November 1971 and December 
1972, a total of 183 patients at Detroit Gen- 
eral Hospital were endoscoped with the 
esophagogastroduodenoscope by members 
of the surgical endoscopy unit for the eval- 
uation of acute bleeding in the upper gas- 
trointestinal tract. Patients were pre- 
medicated with meperidine hydrochloride 
(75 mg) and atropine sulfate (0.4 mg) in- 
tramuscularly 30 minutes prior to exami- 
nation. Viscous lidocaine (5 ml) was given 
orally and diazepam (5 mg) was given in- 
travenously at the time of examination. 


Table 1.—Time of Endoscopy 


After Admission* 


Time of 
Endoscopy 


No. of 
Patients 


First 24 hr 

24 to 48 hr 

48 to 72 hr 
More than 72 hr 
Total 


* Eight patients who developed active 
bleeding after being admitted for other prob- 
lems are recorded from the time the bleeding 
first appeared. 


Table 2.—No. of Potential 
Bleeding Sites 


No. of 
Sites 


No. of 





5 1 


Total: 268 sites in 178 patients 
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No. of 
Actual Bleeding Sites Patients 
Acute erosive gastritis 75 
Gastric ulcer 32 
Mallory-Weiss syndrome 27 
Duodenal ulcer 20 
Esophageal varices 8 
Gastric cancer 6 
Miscellaneous* 10 


Total 


Hemorrhagic duodenitis 


Table 3.—Comparison of Active Bleeding Sites and Associated Lesions 


_ Associated Lesions 
Acute Mallory- 

Erosive Gastric Weiss Duodenal Esophageal Gastric Miscel- 

Gastritis Ulcer Syndrome Ulcer Varices Ulcer laneous Total 
he) 4 3 5 8 0 2 22 
14 ae 0 1 0 (0) 0 15 
21 3 =k 7 2 0 3 36 

8 0 0 oe 0 0 0 8 
2 0 0 0 ike 0 0 2 
0 0 0 0 0 0 o 
4 0 0 0 3 0 7 

7 3 0 5 90 


Table 4.—Comparison of Potential and Actual Bleeding Lesions 


Potential Bleeding Site No. 
Acute erosive gastritis 124 
Gastric ulcer 39 
Duodenal ulcer 33 
Mallory-Weiss syndrome 30 
Esophageal varices 2 













Active Bleeding Site (%) 
75* (60) 
32 (80) 
20* (60) 
27 (90) 
8 (38) 
2 (29) 


6 (100) 


* Four patients with bleeding hemorrhagic gastritis and one patient with bleeding duo- 
denal ulcer are listed in table under other sites of concomitant active bleeding. 


Marginally stable patients received only 
local analgesia to prevent oversedation, 
hypotension, or vomiting with the danger 
of aspiration. One hundred twenty-four 
examinations were performed within 24 
hours, 36 between 24 and 48 hours, and 19 
between 48 and 72 hours (Table 1). All le- 
sions that were bleeding or considered to 
be potential sources of bleeding were 
recorded. Since many patients may bleed 
from more than one site, complete exami- 
nation of the esophagus, stomach, and 
proximal duodenum in all patients was al- 
ways attempted. The sometimes difficult 
differentiation between acute gastric ulcer 
which, by definition, penetrates into the 
submucosa and acute erosive gastritis was 
made on the basis of the size, color, num- 


ber, marginal swelling, and depth of the 


mucosal lesions. These endoscopic findings 
were compared with the roentgenographic 
findings in 138 patients who had an upper 
gastrointestinal barium series in reason- 
ably close temporal proximity. 


Results 


Complete early endoscopic exami- 
nation of the entire esophagus, stom- 
ach, and proximal duodenum, with 
identification of one or more specific 
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sites of bleeding, was accomplished in 
178 of the 183 patients (97%). These 
178 patients had a total of 268 lesions 
(Table 2). Seventy-six patients had 
multiple bleeding sites (Table 3), and 
one patient had a combination of 
acute erosive gastritis, gastric ulcer, 
duodenal ulcer, Mallory-Weiss tear, 
and esophageal varices. In descend- 
ing order of frequency the lesions 
identified as potential bleeding sites 
were acute erosive gastritis (124 pa- 
tients), gastric ulcer (39 patients), 
duodenal ulcer (33 patients), Mallory- 
Weiss tear (30 patients), esophageal 
varices (21 patients), hemorrhagic 
duodenitis (seven patients), and gas- 
tric cancer (six patients) (Table 4). 
The acute erosive gastritis was usu- 
ally caused by alcohol or aspirin. The 
specific lesions actually identified as 
being responsible for the episode of 
bleeding were in decreasing order of 
frequency acute erosive gastritis 
(42%), gastric ulcer (18%), Mallory- 
Weiss tear (15%), duodenal ulcer 
(11%), esophageal varices (5%), and 
gastric cancer (3%) (Table 5). Ninety 





Table 5.—Incidence of Actual 
Bleeding Sites 





Acute erosive gastritis 75 (42) 


Gastric ulcer 32 (18) 
Mallory-Weiss syndrome 27 (15) 
Duodenal ulcer 20 (11) 


Esophageal varices 8 (5) 
Gastric cancer 6-493 
Hemorrhagic esophagitis 3 (2) 
Hemorrhagic duodenitis 7 ae te | 
Esophageal cancer 2 WD 
Gastric leiomyosarcoma 1 .@ 
Gastric renal cell cancer i A® 
Gastric varices 1°60 


per cent of patients with Mallory- 
Weiss tear, 80% of patients with gas- 
tric ulcer, and 60% of patients with 
duodenal ulcer had evidence by endos- 
copy of active or recent hemorrhage 
(Table 4). In contrast, only 38% of pa- 
tients with esophageal varices had in 
fact bled from the varices. Examples 
of the specific lesions are shown in 
Fig 1 through 8. 

A comparison of the value of early 
endoscopy as opposed to the roent- 
genographic series of the upper gas- 
trointestinal tract for the identi- 
fication of both the potential and 
actual bleeding sites demonstrates 
the superiority of endoscopy in that 
barium studies revealed the lesion in 
only 34% of patients (Table 6). The 
greater accuracy of endoscopy is ob- 
viously due to the fact that acute ero- 
sive gastritis, the Mallory-Weiss tear, 
esophagitis, and duodenitis are such 
superficial lesions that barium studies 
cannot delineate these in most cir- 
cumstances. Gastric ulcer and duode- 
nal ulcer showed a better correlation 
(80%) although endoscopic examina- 
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Fig 1.—MalloryWeiss tear. This patient 
also had a bleecme duodenal ulcer (Fig 2). 





Fig 2.—Bleeding duodenal ulcer demon- 
Strating multiplicity of lesions. 


Fig 4.—Acute erosive gastritis confined to 


antrum. This patient also had incidental 
nonbleeding esophageal varices. 


Fig 5.—Duodenitis with friable hemor- 
rhagic mucosa. 





Fig 6.—Bleedin= esophageal varices. 





accurate here too. Sev- 
had petential bleeding 


tion was more 
eral patient 
sites, which were seen both on upper 


gastrointestimal radiographic series 
and by endosecpy but which were not 
the actual canse of the active bleed- 
ing. This was particularly true in pa- 
tients with bath esephageal varices 
and acute eresive gastritis: in most of 
these, acute erosive gastritis rather 
than the esopaegeal varices was the 
site of hemorrhage. Although esoph- 
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Fig 7.—Bleeding gastric ulcer. Endoscopy 


precipitated the decision to operate. 





varices 


ageal 
demonstrated in 21 patients, the vari- 
ces were the cause of bleeding in only 
eight. Concomitant lesions elsewhere 
in the stomach or duodenum were re- 


were endoscopically 


sponsible for the upper gastrointesti- 
nal hemorrhage in the other 13. 

In five patients, endoscopic exami- 
nation was incomplete due to acute 
alcoholic intoxication (one patient), 
inability of the endoscopist to nego- 
tiate the pylorus (one), obstruction by 





Fig 3.—Acute erosive gastritis due to alco- 
hol. This patient had a normal x-ray series 
of the upper gastrointestinal tract. 





Fig 8.—Bleeding from renal cell carci- 
noma of the stomach not seen roentgen- 
ographically. 





a hiatal hernia (one), and retained 
gastric clots (two). In the latter two 
patients, however, the esophagus, an- 
trum and duodenum were completely 
visualized. 

Early endoscopy was helpful to the 
surgeon in identifying the specific 
sites of bleeding in 40 of the 42 pa- 
tients who underwent emergency or 
elective operation (Table 7). Thirteen 
of the 26 patients requiring emer- 
gency operation could not be endo- 
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scopically examined preoperatively 
because of continued active bleeding 
and unstable vital signs. These pa- 
tients were endoscoped during lap- 
arotomy. This technique circum- 
vented the need for exploratory 
gastrotomy in all but one patient 
whose stomach was full of clots that 
could nòt be removed by persistent 
gastric lavage. The information 
gained in these 12 patients permitted 
a definitive surgical procedure to be 
performed in a relatively uncon- 
taminated field, shortened the oper- 
ating time, and eliminated the frus- 
tration frequently attendant on the 
search for the bleeding site among 
the gastric folds. There were no 
deaths due to endoscopy and no sig- 
nificant complications. 


Approach to Endoscopy 


Accurate endoscopy demands a 


_ clear view of the esophagus, stomach, 


and duodenum. This is achieved by 
gastric lavage with iced saline 
through a large gastric tube. When 
this is not totally successful, assist- 
ance may be obtained in the stable 
patient by the induction of vomiting 
by gentle pressure of the tip of the 
endoscope against the gastric wall. 
Clots that cannot be completely re- 
moved will frequently lodge in the 
proximal portion of the stomach near 
the cardia so that good visualization 
can at least be obtained of the esoph- 
agus, antrum, and proximal duode- 
num. 

The patient with unstable vital 
signs or who is in shock, seriously ob- 
tunded, excessively restless, or bleed- 
ing vigorously is not a suitable candi- 
date for endoscopy. When there is 
special urgency in establishing an 
early diagnosis in the patient with 
persistent bleeding, endoscopy under 
general anesthesia with an endotra- 
cheal tube in place and the operating 
room prepared may be invaluable in 
determining whether or not operation 
is necessary. 

Intraoperative endoscopy’ also has 
an important role in selected cases es- 
pecially where preoperative endos- 
copy has not been feasible as it will 
usually reveal the bleeding site. The 
advantages of endoscopy during lap- 
arotomy are that it is safe, simple to 


136 Arch Surg/Vol 107, Aug 1973 






Actual Bleeding Site Endoscopy 
Acute erosive gastritis 75 
Gastric ulcer 32 
Mallory Weiss syndrome 27 


Duodenal ulcer 20 
Esophageal varices 8 
Gastric cancer 6 
Hemorrhagic esophagitis 3 
Esophageal cancer 2 
Hemorrhagic duodenitis 2 
Miscellaneous 3 
Total 178 
Incomplete examination 5 












perform, quick and accurate. Fortui- 
tously, anesthesia decreases splanch- 
nic blood flow so that bleeding gener- 
ally decreases for better visualization. 
With the abdomen open, the proximal 
jejunum is occluded with a noncrush- 
ing clamp to prevent small bowel dis- 
tention by the instilled air. The en- 
dotracheal tube is deflated, and the 
endoscope is passed. After visualizing 
the esophagus and passing the endo- 
scope into the stomach, the cuff on the 
endotracheal tube is reinflated to pre- 
vent regurgitation and aspiration 
during air insufflation. Although it 
has not been necessary in our pa- 
tients, the surgeon can help the en- 
doscopist to view the proximal por- 
tion of the stomach by manually 
flexing the fiberoptic endoscope 
toward the cardia. He may also lead 
the endoscope through the pylorus to 
enable the proximal duodenum to be 
viewed with ease. 


Comment 


Successful management of acute 
hemorrhage in the upper gastroin- 
testinal tract is enhanced by appro- 


Table 6.—Diagnostic Correlation of Endoscopic and Roentgenographic Studies 


Table 7.—Cause of Bleeding in 42 Patients Later Undergoing Operaticn 


ee 


No. of 
Diagnosis Patients 

Gastric ulcer 15 
Duodenal ulcer 9 
Esophageal varices 

Acute erosive gastritis 4 
Gastric cancer 3 
Mallory-Weiss syndrome 2 
Gastric varices 1 
Esophageal cancer 1 
Leiomyosarcoma 1 
Total 42 





Positive Negative Not Done 
0 58 77 
18 8 6 
0 18 9 
14 0 6 
6 0 2 
6 0 2 
0 3 0 
1 1 0 
0 2 0 
1 2 0 
46 (34%) 92 (66%) 42 
2 1 2 


Endoscopy in 


Emergency Operatng 
Operation Room 
10 4 
5 0 
2 2 
4 4 
1 0 
2 2 
1 1 
0 0 
1 0 
26 13 


priate expansion of the dininished 
intravascular volume and the early 
identification of the specific causative 
lesion. Fiberoptic endoscopy nas pro- 
vided a new dimension to oar diag- 
nostic capabilities. Reliance on the 
clinical history and subsequert specu- 
lations and extrapolations, on physi- 
cal examination, and on reentgen- 
ographic studies is now recognized to 
be notoriously inaccurate. This lack of 
precision is scarcely surprsing in 
view of the objective data provided | 
by direct inspection of the esoph- 
ageal, gastric, and duodenal mucosa 
through the fiberendoscope. The pres- 
ent series confirms observaticns made 
by others," showing that more than 
40% of patients with bleedirg in the 
upper gastrointestinal tract have 
multiple sites of potential bleeding 
and that 60% of patients have lesions 
so superficial that roentgenographic 
examination is unsatisfactory. Con- 
sequently, the presumption that a 
previously demonstrated lesion such 
as a duodenal ulcer or esophageal 
varices is the source of the current 
bleeding episode is frequently incor- 
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In experenced hands, the endo- 
scope is a sa e, highly accurate instru- 
ment, whick produces little patient 
discomfort and provides invaluable 
information within about ten min- 
utes. Accurace diagnosis is invaluable 
for intelligent management. Obser- 
vation of th= type of mucosal lesion 
will often d2termine the immediate 
therapeutic olan In some cases, con- 
firmation of 2 chronic duodenal ulcer 
may accelerete the decision for oper- 
ation. In other patients known to 
have ulcer dsease, the bleeding may 
be identified as originating from 
acute erosive gastritis lending itself 
to nonoperative management. In still 
other patients, especially in those who 
have been drinking alcohol, endos- 
copy will immediately erase the un- 
certainty of whether the patient is 
bleeding frex esophageal varices, a 
Mallory-Weiss tear, acute erosive 
gastritis, ora peptic ulcer. In some of 
our patients bleeding could be seen 
to occur from multiple sites. This im- 
portant observation obviously influ- 
enced the type of treatment adopted. 
When operation was decided on, the 
surgeon coukl proceed expeditiously 
to the site of the lesion with increased 
confidence. Many of our old concepts 
need to be reexamined in the light of 
the new dataprovided by early endos- 
copy. This applies especially to the re- 
sults attributed to emergency por- 
tacaval shums im patients in whom 
the source of bleeding has not been 
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confirmed by endoscopy preopera- 
tively. While 21 patients in this series 
demonstrated esophageal varices at 


the time of hemorrhage in the upper 


gastrointestinal tract, the site of 
bleeding was in the stomach or 
duodenum in 13 of these patients. 
Had portacaval shunts been done in 
these 13 patients, deductions drawn 
from the results would obviously have 
been grossly erroneous. The multiplic- 
ity of bleeding sites makes complete 
examination of the esophagus, stom- 
ach, and proximal duodenal mucosa 
mandatory in all cases. 

A feature of the present study is 
the high incidence (15%) of the Mal- 
lory-Weiss syndrome, which is identi- 
cal to the figure reported by Bonanno 
et al. Although the Mallory-Weiss 
syndrome is often associated with 
overingestion of alcohol followed by 
forced vomiting, two of our patients 
in the present study gave no history 
of alcohol ingestion, but had explosive 
vomiting as part of an influenza syn- 
drome in one patient and acute cho- 
lecystitis in the other. The knowledge 
that a Mallory-Weiss tear is respon- 
sible for the bleeding encourages 
therapeutic conservatism in view of 
the fact that only two of these pa- 
tients required operative interven- 
tion. Equally important is the fact 
that if operation does become neces- 
sary, the forewarned surgeon may 
make the gastrotomy incision high 
in the stomach near the cardio- 
esophageal tear, thus facilitating the 
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performance of an easy and rapid op- 
eration. 

Certain conditions preclude safe 
and successful early endoscopy. We 
have avoided endoscopy in patients 
with unresponsive shock, in patients 
who are uncooperative from the ef- 
fects of alcohol, in patients who are 
unconscious and who might aspirate, 
and in those who are bleeding so mas- 
sively that adequate gastric clearing 
by lavage cannot be accomplished. 
The information derived from this 
study leads us to believe that early 
fiberoptic endoscopy is a highly desir- 
able component of the clinical investi- 
gation of any patient presenting with 
upper gastrointestinal bleeding, 
apart from the above mentioned ex- 
clusions. The complete esophageal, 
gastric, and duodenal endoscopy ob- 
viates the need for both the emer- 
gency x-ray series of the upper gas- 
trointestinal tract and arteriography 
which are cumbersome, time-consum- 
ing, and notoriously much inferior in 
providing accurate information. The 
topography of the esophageal, gas- 
tric, and duodenal mucosa was out- 
lined in 97% of our cases and provided 
a definitive diagnosis in all of these 
patients. Furthermore, this knowl- 
edge enabled the surgeon to plan the 
operation best suited to the specific 
lesion. 
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Arteriography in Diagnosis of Acute 


Gastrointestinal Tract Bleeding 


Robert J. Stanley, MD, Leslie Wise, MD, St. Louis 


Thirty-five of 68 patients had arteriograms 
demonstrating gastrointestinal tract bleed- 
ing. Seventy-three percent were older than 
40 years. Significant overlap existed be- 
tween patients whose arteriograms showed 
bleeding and those whose did not, in the 
amount of blood administered before arteri- 
ography. However, 85% of patients receiv- 
ing 5 units or more demonstrated bleeding. 
Seventeen of 22 patients who manifested 
signs of shock demonstrated bleeding, but 
34% of cases which demonstrated bleeding 
manifested no shock. Preoperative local- 
ization of bleeding assisted the surgeon in 
cases where no abnormality was externally 
visible or palpable. The arteriogram showing 
no bleeding was not helpful. The clinical 
course, not the lack of demonstrable bleed- 
ing, determined management. A history of 
gastrointestinal tract bleeding or disease did 
not correlate with study results showing 
bleeding. Complication rate was low. The 
data show that emergency arteriography is 
helpful and accurate. Guidelines for patient 
selection are discussed. 


he ability of selective arteri- 
ography to localize the exact site 

of bleeding in acute gastrointestinal 
tract hemorrhage has been amply 
documented.: In view of the known 
difficulty in clinically defining the site 
of bleeding preoperatively and the 
not infrequent failure to localize the 
site at laparotomy, clinicians have 
turned to this diagnostic tool with in- 
creasing frequency. The question of 
when and if an arteriogram is indi- 
cated commonly arises. Criteria for 
selection as set forth by Baum et al’ 
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included “active bleeding at the time 
of study manifested by melena, he- 
matemesis, hypotension (requiring 
transfusion at the time of study), 
and/or continued fall in hemoglobin 
and hematocrit.” Baum and Nus- 
baum’ were able to detect bleeding in 
dogs as slow as 0.5 ml/min, using se- 
lective arteriography. In the clinical 
situation, this would be equivalent to 
the loss of less than a liter of blood 
per 24 hours. Conn et al, however, 
state that “bleeding slower than 2 ml 
per minute will rarely be seen.” This 
rate would be equivalent to approxi- 
mately 3 liters/24 hr. The purpose of 
this investigation was to critically an- 
alyze our experience with emergency 
arteriography for acute gastrointesti- 
nal tract bleeding regarding patient 
selection and the value of the exami- 
nation, with the hope that guidelines 
would emerge for improved selectiv- 
ity in the future. 


Clinical Data, 
Technique, and Results 


Between 1966 and 1971 a total of 68 pa- 
tients, 44 men and 24 women, were studied 
with emergency selective arteriography in 
the Mallinckrodt Institute of Radiology, 
Barnes Medical Center, to determine the 
site of acute gastrointestinal tract bleed- 
ing. 

In 54 patients with the clinical impres- 
sion of upper gastrointestinal tract bleed- 
ing, selective studies of the celiac axis and 
the superior mesenteric artery were per- 
formed immediately without a preliminary 
midstream aortogram. (However, two pa- 
tients were studied with midstream aorto- 
grams only, an unsatisfactory compromise 
due to a variety of clinical and technical 
problems.) If no evidence of bleeding was 
found, an inferior mesenteric arteriogram 
was sometimes performed, depending 
upon the presence or absence of blood in 
the return from the nasogastric tube. 

In the 14 patients in whom bleeding 
from the lower gastrointestinal tract was 


suspected, the initial examination was a 
superior mesenteric arteriogram followed 
by an inferior mesenteric arteriogram. If 
both of these showed no bleeding, a celiac 
arteriogram would be performed for com- 
pleteness. Contrast volumes in the range 
of 40 to 50 ml of diatrizoate meglumine 
and diatrizoate sodium (Renografin-76) 
were injected, using an automatic pressure 
injector at a rate of approximately 6 to 10 
ml/sec in the celiac and superior mesen- 
teric artery. Smaller volumes ranging 
from 12 to 20 ml were used in the inferior 
mesenteric artery. The stomach was rou- 
tinely inflated by means of an effervescent 
solution (Seidlitz Powders) immediately 
prior to the celiac studies. This greatly en- 
hanced the precise localization of the 
bleeding when present. Air distention of 
the rectum and sigmoid colon by means of 
a soft rubber catheter was likewise useful 
during the studies of the inferier mesen- 
teric artery. 

Since 1971 the technique has included an 
attempt to superselect branches of the ce- 
liac axis (left gastric and gastroduodenal) 
when the celiac arteriogram showed no 
bleeding in the face of strong clinical evi- 
dence of active upper gastrointestinal 
tract bleeding. The results of reeent cases 
lead us to anticipate a higher yield of de- 
monstrable extravasation with this ap- 
proach. The results of intra-arterial vaso- 
constrictor therapy, in use since January 
1971, will not be included in this analysis. 

In 35 cases (51%) the arteriogram dem- 
onstrated definite intraluminal extravasa- 
tion; and in 33 cases (49%) it showed no 
bleeding. Of the former 35 cases, the dem- 
onstrated location of bleeding had been 
considered in the clinical differential diag- 
nosis of 23. It should be menticned, how- 
ever, that in many cases the cifferential 
diagnosis included four, five, or more possi- 
bilities. In 12 cases the location cf bleeding 
was different from any of the clinical diag- 
noses considered. 

‘Table 1 presents the age groups of the 
patients studied. Seventy-three pereent of 
the patients studied were 41 years of age 
or older. The number of units of blood ad- 
ministered in the 24 hours prior to the ar- 
teriogram is represented in Table 2. An ap- 
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Table L_—Age of Patients 


preeiable overlea between the eases where 
the arteriograras demonstrated no site of 
bleeding and mse where bleeding was 
demonstrated «am be seen in the 0 to 4 
units range. Ir reviewing the records, an 
effort was mace to determine whether or 
not clinical evieence of shock was present 
at any time Fior to the arteriogram. 
Hypotension, tachycardia, low central 
venous pressur= (CVP), weakness, diapho- 
resis, positive it test results, and other 
signs of hypevsiemia were considered. 
Table 3 recoris the findings in these 
groups. Of intrest, 34% of the patients 
with arteriograms sicwing bleeding mani- 
fested no clinis=! evidence of shock. The 
site of bleeding in she demonstrating ex- 
travasation wes found to be as follows: 
stomach (ineluc2s lesions in immediate vi- 
cinity of gastrcsephageal junction), 19 pa- 
tients; duodeni=m & jejunum, 3; ileum, 2; 
and colon, 6. The high percentage of bleed- 
ing sites in th= stomach anc duodenum 
correlates with the predominance of pa- 
tients in this se-s who presenzed with the 
clinical impressien of upper gastrointesti- 
nal tract bleedme. 

Six of the scudies which showed no 
bleeding did cemonstrate arteriographic 
abnormalities: three demonstrated typical 
changes of chromic cirrhosis n the liver 
and esophagea varices; a large gastric tu- 
mor with metecases was revealed in an- 
other; the types! ayperemia and small- 
vessel tortuosi-y of uleerative colitis was 
seen in one case; and one case demon- 
strated narrow- mg of the gastroduodenal 
and pancreatieaiuedenal arteries subse- 
quently found -o be in an area of duodenal 
ulcer with extensive edema secondary to 
hemorrhage itə the surrounding area. 
Therefore, some of the cases that showed 
no bleeding wee nevertheless helpful from 
a diagnostic standpoint. 

Considering only the 19 cases where ex- 
travasation ocearred in the stemach, their 
specific locations are as follows: area of 
gastroesophageal junction or cardia of 
stomach, ten patiests; high lesser curva- 
ture, four; enra- nder of body of stomach, 
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Table 2.—Blood Administered in 24 Hours Prior to Arteriogram 


Cases Demonstrating 
Bleeding 


Units of 

blood - 3-4 
No. of 

patients 


5-6 - Unknown 
1 


Cases 
Demonstrating 
_No Bleeding 


3-4 
13 





three; and antrum, two. A preponderance 
of bleeding sites in the region of the gas- 
troesophageal junction and high lesser cur- 
vature is evident. 

When the patients included in this study 
were categorized according to the presence 
or absence of a history of gastrointestinal 
tract bleeding or a diagnosis of a previous 
lesion capable of causing gastrointestinal 
tract bleeding (Table 4), a fairly even split 
between positive and negative histories 
was found. However, when only the group 
whose arteriograms showed a site of bleed- 
ing were considered, a majority (68%) were 
in the negative history category. When the 
19 patients with angiographically demon- 
strated bleeding in the stomach were con- 
sidered, a surprising 84% fell into the neg- 
ative history category. 

The question of adverse effect upon the 
patient’s clinical course due to a delay in 
treatment because of the performance of 
an arteriogram was also considered. The 
average time for the performance of the 
complete arteriogram was one hour, with 
the range of 30 to 100 minutes. Retrospec- 
tively it appears that one patient was ad- 
versely affected by the delay since he be- 
came severely hypotensive at the end of 
the arteriographic examination, primarily 
due to unreplaced blood loss. The arterio- 
gram showed a site of bleeding, but the pa- 
tient died on the operating table, having 
never regained an adequate blood pres- 
sure. At the time the indications for an ar- 
teriogram seemed reasonable, but, retro- 
spectively, immediate surgery would have 
terminated the hemorrhage approximately 
1% to 2 hours earlier. No other comparable 
cases of adverse effect could be found in 
the records. 

On retrospective analysis it appears that 
in six cases the arteriogram was clearly 
not indicated. This was based primarily on 
the total lack of evidence of active bleed- 
ing in five of the cases and the presence of 
much barium in the small bowel and colon 
obscuring the greatest portion of the abdo- 
men in the sixth case. 

Seven arteriograms which showed no 


5-6 - Unknown 
2 0 


bleeding were followed by positive, diag- 
nostic barium contrast study results; an 
equal number of arteriograms showing 
bleeding were followed by negative barium 
study results, barium studies being per- 
formed after the bleeding had diminished 
or stopped spontaneously prior to the sur- 
gery. It should be stressed that arteri- 
ography and barium contrast studies are 
complementary, not competitive in the in- 
formation that they respectively yield. 


Complications of Arteriography 


A total of seven patients experi- 
enced complications, some or all of 
which could be attributed to the ar- 
teriogram. In one, a subintimal injec- 
tion into the celiac axis produced min- 
imal extravasation and dissection 
along the branches of the axis. The 
patient experienced pain for approxi- 
mately 30 minutes, with no further 
objective or subjective untoward 
findings. This study, nevertheless, 
demonstrated a site of bleeding. In 
another, inadvertent catheterization 
of a segmental branch of the right re- 
nal artery with an injection of 30 ml 
of contrast medium resulted in per- 
sistent opacification of this portion of 
the kidney for approximately 15 min- 
utes. No subsequent clinical evidence 
of renal injury appeared. A third pa- 
tient developed urticaria approxi- 
mately 3% hours after the arterio- 
gram, at which time the patient was 
also receiving blood transfusions. The 
possibility of a contrast reaction could 
not be excluded. Two patients re- 
quired prolonged compression at the 
puncture site, 45 minutes and two 
hours, respectively. The former devel- 
oped a small hematoma without fur- 
ther complication, and the latter pa- 
tient was subsequently found to have 
a coagulation disorder. A sixth pa- 
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Table 3.—Presence or Absence of Clinical Evidence of Shock 


Arteriogram 
Demonstrating Bleeding 


No. of 
Patients 


Shock 17 
No shock 12 


Indeterminate from 
recorded data 





Arteriogram Demonstrating 
No Bleeding 


No. of 
% Patients % 
49 15 
34 70 


17 15 















tient developed a small hematoma 
during the procedure. No further 
complications arose. 

The last patient, who retrospec- 
tively was not a logical candidate for 
diagnostic studies, developed a res- 
piratory arrest 15 minutes after the 
arteriogram. She had been hypoten- 
sive for a prolonged period of time 
prior to the study and appeared mori- 
bund to the examining radiologist. 
The arteriogram, which consisted of a 
midstream aortogram only, demon- 


strated a to-and-fro motion of the: 


contrast medium in the aorta without 
flow peripherally into the major 
branches, typical of the findings in 
markedly diminished cardiac output. 
The patient lived another 24 hours, 
during which she had an exploratory 
laparotomy. The relationship of the 
contrast study to the respiratory ar- 
rest is not clear from the record. 


Diagnostic Accuracy 
of Arteriography 


What is the diagnostic accuracy of 
emergency arteriography? Does an 
arteriogram that shows no site of 
bleeding mean that active bleeding is 
not present? The data presented in 
Table 5 are an attempt to assess the 
diagnostic accuracy of this procedure. 
Twenty-nine of the 35 patients in the 
group that showed bleeding were op- 
erated on soon after the procedure 
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Table 4.—History of Past Gastrointestinal Tract Bleeding 
or Diagnosis of Lesion Capable of Causing Gastrointestinal Tract Bleeding 


Demonstrating 
Total, Demonstrating Demonstrating Bleeding 
No. (%) No Bleeding Bleeding in Stomach 
Positive history 36 ( 53) 23 ( 70) 134-37) 3 ( 16) 
Negative history 32 ( 47) 10 ( 30) 22 ( 63) 16 ( 84) 
Total 68 (100) 33 (100) 35 (100) 19 (100) 


Arteriograms 









and the arteriographic diagnosis was 
confirmed. Eleven studies (33%) of the 
33 in the group which showed no site 
of bleeding could be considered to be 
false or misleading in view of the fact 
that a site of active bleeding was 
found at the time of operation. A 
closer look at this group of 11 patients 
provides a reasonable explanation for 
our inability to demonstrate the site 
of bleeding in several of these pa- 
tients. Evaluation of these 11 studies 
was as follows: active bleeding at op- 
eration with preoperative arterio- 
gram showing no site of bleeding, 
three patients; active bleeding from 
duodenal ulcer—occlusive changes in 
vessels near site of ulcer but no ex- 
travasation on arteriogram, one; dif- 
fuse oozing in multiple sites, one; 
slowly oozing duodenal ulcer, one; 
variceal bleeding at operation in pa- 
tients with known varices preopera- 
tively, two; active bleeding at oper- 
ation—had midstream  aortogram 
only, two; and explored three days af- 
ter arteriogram—active bleeding at 
operation, one. 

The frequent inability to demon- 
strate venous extravasation from 
gastroesophageal varices is a well- 
known deficiency of selective arteri- 
ography. The two patients in this 
category were known to have varices 
and the examination was done to ex- 
clude arterial bleeding from another 


cause. Two patients, a 16-month-old 
boy and a 78-year-old woman had 
midstream aortograms only. The at- 
tending surgeon requested only a 
midstream aortogram in the child, 
hoping that this would be suficient to 
define the site of bleeding. The child 
then underwent exploratory surgery 
and an actively bleeding Meckel’s di- 
verticulum was found. Initial diffi- 
culties in catheterization of the celiac 
axis and superior mesenteric artery 
led to the midstream aortegram in 
the elderly woman. This is the same 
patient referred to under “Complica- 
tions” who had a respiratory arrest. 
At laparotomy she was found to have 
an actively bleeding duodenal ulcer. 
These two cases serve to point out the 
relative uselessness of the midstream 
aortogram for detecting a site of gas- 
trointestinal bleeding. 

One patient underwent exploratory 
surgery three days after an arterio- 
gram which showed no site of bleed- 
ing, and active bleeding was found. 
The interval between the two events 
would have to be taken into consid- 
eration. Two of the remaining six pa- 
tients were described by the surgeons 
to be oozing blood from their respec- 
tive lesions. The remaining four pa- 
tients were bleeding at a rate that 
theoretically should have been de- 
monstrable arteriographically. Sev- 
eral possibilities exist: (1) The pa- 
tients were not bleeding at the exact 
time of the arteriogram. There were 
several cases in which a celiac or su- 
perior mesenteric arteriogram show- 
ing no bleeding was followed by a 
sudden increase in the amount of 
blood returning in the nasogastric 
tube or passing through the rectum. 
A second injection into the same ves- 
sel within 10 to 15 minutes of the first 
study then demonstrated a site of ex- 
travasation. Second injections should 
be considered when results of initial 
studies are nonrevealing but the clini- 
eal findings strongly indicate contin- 
ued or increased bleeding; (2) The 
rate of bleeding was less than the 
minimum rate for arteriographic 
demonstration at the time cf the in- 
jection; or (3) A technical inadequacy 
of the examination, such a nonfilling 
of proximal branches of the celiac 
axis (early left gastric origin) or the 
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Group Demoasrating Bleeding 


No. of Patients 


Operated on and areriographic diagnosis confirmed 29 


Operated on—=a5e normal arteriogram 
Not operated ea 


Autepsy with lesion capable of bleeding at indicated site 


No 


Autepsy wth no esion at indicated site 
Total 


Group Demorsérating No Bleeding 
Operated on and ac bleeding found 
Operated on and active bleeding found 


35 
No. of Patients 
9 


11 


Not operatedea and no recurrence of bleeding during 


same hospital acmission 


superior mesereric artery, produced 
erroneous resu's im interpretation. 


Cemment 


The rate of suceess in defining the 
site of active gastrointestinal bleed- 
ing varies between 50% to 75% in pre- 
viously repor-ed series.**°° Other 
series*'' refer an'y to the number of 
patients whose zonditions were diag- 
nosed and treated with arteriogra- 
phy. One must presume that there 
were concomitaut studies which dem- 
onstrated no secive bleeding in view 
of the limitatiexs ir patient selection. 
The success rate ir this series, 51%, 
may possibly r2fect less stringent cri- 
teria for accepcaneeof a candidate. In 
Table 2 a definite area of overlap is 
revealed betw2en tae patients whose 
arteriograms showed a site of bleed- 
ing and those whose did not, in the 
number of urits cf blood adminis- 
tered in the 24 hours prior to the arte- 
riogram. Ninety percent of the pa- 
tients who shoer=c no site of bleeding 
had received between 0 and 4 units of 
blood. On the other hand, 85% of the 
patients who had received 5 units or 
more had artemograms demonstrat- 
ing extravasation Nevertheless, 31% 
of the patients wth demonstrable 
bleeding were im tne 0 to 2 units cate- 
gory. Several of the patients included 
in that group kad am emergency arte- 
riogram within a few hours of their 
arrival in the emergency room and 
this category ef 0 to 2 units may be 
somewhat deceptive in suggesting 
minimal bleeding waen actually brisk 
hemorrhage coald neve been present. 

If the presence of clinical evidence 
of shock had been tne main criterion 
for selection, the swecess rate would 
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have been substantially higher. Sev- 
enty-seven percent of the 22 patients 
who manifested signs of shock (Table 
3) had arteriograms demonstrating 
bleeding. If all of the patients in 
the indeterminate category were pre- 
sumed to have manifested unrecorded 
signs of shock, the success rate would 
still have been 70% (23 of 33 studies 
showing a site of bleeding). This 
method of selection, however, would 
have eliminated 34% of our studies 
which showed a site of bleeding. 
Thus, one should not use the presence 
or absence of the clinical signs of 
shock (meaning significant hypovo- 
lemia) as the determining factor for 
selection. 

Are arteriograms showing bleeding 
helpful to the surgeon? Not neces- 
sarily when, on the basis of the oper- 
ative report, the surgeon would have 
found the obvious lesion, using a 
standard approach. However, consid- 
ering only those patients in whom the 
site of bleeding was the stomach, 14 
of the 19 bleeding sites were located 
in the general area of the gastro- 
esophageal junction or high along the 
lesser curvature of the stomach. In 
eight of the 14 cases, the surgeons 
specifically indicated that no abnor- 
mality could be detected, either by ex- 
ternal inspection or palpation. How- 
ever, on the basis of the arteriogram 
demonstrating bleeding, the choice of 
an immediate high anterior gas- 
trotomy was made with rapid local- 
ization of the bleeding site. In several 
other cases it could not be determined 
by the operative report whether or 
not the bleeding lesion was palpable 
externally. In each case, the gas- 
trotomy or enterotomy was made at 


the site of extravasation as demon- 
strated on the arteriogram. The local- 
ization of colonic bleeding was 
uniformly helpful to the surgeon, es- 
pecially in cases of bleeding diver- 
ticula. 

Is an arteriogram showing no 
bleeding of any help? Obviously not 
on the basis of the evaluation of the 
11 false (normal) study findings and 
the data in Table 5. In virtually all 
cases, the clinical course of the pa- 
tient, not the lack of arterio- 
graphically demonstrable bleeding, 
determined his management. 

The data in Table 4, concerning a 
history of gastrointestinal tract 
bleeding or prior diagnosis of a lesion 
capable of causing gastrointestinal 
tract bleeding, most likely reflect a 
bias on the part of the clinician in his 
choice of patients referred for this 
study. For example, considering the 
16 patients with a bleeding site in the 
stomach and a negative history, Mal- 
lory-Weiss type mucosal tears, acute 
gastritis, and stress ulcers were the 
dominant operative findings. One 
could not construe from this data that 
an actively hemorrhaging patient 
with a negative history had a greater 
likelihood of having an arteriogram 
demonstrating bleeding than one 
with a positive history. 

Emergency endoscopy plays a sig- 
nificant role in the evaluation of pa- 
tients with acute upper gastrointesti- 
nal tract bleeding. No attempt is 
made to analyze its usefulness in this 
series of patients. However, it has 
been the experience of the endosco- 
pists at this institution that the pa- 
tients with the most active upper gas- 
trointestinal tract bleeding are the 
most difficult to study by direct visu- 
alization. Inability to clear the stom- 
ach of large, fresh blood clots is the 
major impediment to the endoscopist. 
Hypotension in an uncooperative, 
agitated patient limits the use of par- 
enteral sedatives needed for adequate 
panendoscopy. If a patient with 
bleeding varices can tolerate esoph- 
agoscopy in a sitting position, a diag- 
nosis can sometimes be established 
before the scope is bathed in fresh 
blood. This degree of cooperation, 
however, is frequently not possible. 

Since in many patients active up- 
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per gastrointestinal tract bleeding 


will stop spontaneously, a reasonable 


period of observation is indicated. 
Druing this time, ice-water lavage of 
the stomach provides some estimate 
of the rate and activity of bleeding. 
Other supportive measures, including 
volume replacement, should be simul- 
taneously instituted. When the naso- 
gastric aspirate is sufficiently clear 
and the patient can tolerate the ex- 
amination, immediate endoscopy is 
most useful. 

On the other hand, if active bleed- 
ing persists in spite of ice-water 
lavage and a reasonable period of ob- 
servation (approximately two hours), 
arteriography should be considered. 
The extent of patient cooperation 
needed for adequate arteriography is 
considerably less and no parenteral 
sedation is indicated. Emergency bar- 
ium studies, rather than arteriogra- 
phy at this point, may or may not 
yield a diagnosis of an upper gas- 
trointestinal tract lesion. In any case, 
they will leave the patient’s abdomen 
unsuitable for arteriographic studies 
for 24 to 48 hours because of the ob- 
scuring effect of the retained barium. 
As previously stated, selective arteri- 
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MELVIN A. Brock, MD, Detroit: I would 
like to comment on the first paper, pre- 
sented by Dr. Sugawa. We at the Henry 
Ford Hospital have also been impressed 
with the helpfulness of gastroduodenal en- 
doscopy in the management of acute upper 
gastrointestinal tract hemorrhage. The ex- 
amination has become an integral compo- 
nent in the early evaluation of these pa- 
tients. 

The importance of performing gastro- 
duodenoscopy as soon as possible after the 
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ography and barium contrast studies 
are complementary, not competitive. 
However, if the use of arteriography 
is considered, it must precede barium 
contrast studies. 

Small intestinal and colonic bleed- 
ing presents a somewhat different 
problem. Here the rate and activity of 
bleeding is not as easily monitored, 
and changes in the pulse rate, blood 
pressure, hematocrit reading, CVP, 
and other clinical signs must serve as 
guides. Under these circumstances, 
when the bleeding does not appear to 
have stopped after a reasonable pe- 
riod of observation, emergency ar- 
teriography should be utilized as 
the primary diagnostic examination. 
Standard barium studies of the colon 
have a low yield under these circum- 
stances. Air contrast barium enemas, 
which require a clean colon for proper 
interpretation, are even less useful in 
this situation. 

The data in this series, as well as 
those of other reported series, support 
the opinion that emergency arteriog- 
raphy is helpful and accurate, has a 
low serious complication rate, and can 
be performed expeditiously by an ex- 
perienced angiographer. The decision 
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Discussion 


onset of bleeding was emphasized in a re- 
view of 101 patients for whom a positive 
diagnosis of the bleeding lesion was estab- 
lished in 90% examined within 48 hours, 
but in only 3838% when the examination was 
delayed beyond 48 hours. Comparing early 
radiographic studies and gastroduodenos- 
copy done on the same patients, the bleed- 
ing lesion was identified in 58% only by en- 
doscopy. Previous historical knowledge of 
patiential bleeding lesions was misleading 
in 43%, emphasizing the frequency of mul- 


to employ arteriography need not in- 
volve the mental gymnastics of calcu- 
lating the milliliters of blood lost per 
minute, be it 0.5 ml or 2 ml. The clini- 
cal situation rarely allows one to 
make an accurate assessment of this 
bleeding rate. Rather, one must de- 
cide that active bleeding is present 
and that the exact site of bleeding is 
not already known or very strongly 
suspected by the clinical history. 
Since 85% of the patients who re- 
ceived 5 units or more of blood had ar- 
teriograms showing bleeding and 77% 
of the patients who manifes-ed signs 
of shock had arteriograms demon- 
strating bleeding, this categcry of pa- 
tient clearly deserves to have arteri- 
ography. As can be seen, however, 
criteria of patient selection which al- 
low for only those who are massively 
hemorrhaging will exclude a signifi- 
cant number of potentially helpful ar- 
teriograms. When the aporopriate 
prearteriogram evaluation is com- 
bined with a large measure of com- 
mon sense and good clinieal judg- 
ment, the greatest value will be 
obtained from emergency arteriog- 
raphy. | 
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tiple potential bleeding lesions and that, 
for a positive diagnosis, bleeding from the 
lesion should be seen. 

There are limitations in the ase of gas- 
troduodenoscopy. Attributing bleeding to 
gastritis or gastric erosions, which may be 
associated with another lesion producing 
the actual bleeding or be due to trauma 
produced by nasogastric tubes, must be 
avoided. In this regard, we weuld like to 
ask the authors if this has beer a problem 
in their experience. The examination 
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should be emitted in massive bleeding 
where delay ir operation may endanger 
life. A diffuse twedenitis can 2ause acute 
upper gastroimestinal tract hemorrhage. 
A small bleediwe uler in the second por- 
tion of the duocenum may be elusive, Have 
the authors encuuntered any dificulty with 
such duodenal sions? 

Gastroduodexal emdoscopy has also been 
valuable in the medical management of le- 
sions producing acute upper gestrointesti- 
nal tract hemorrhage. Knowledge of the 
precise cause œ? the bleeding provides 
guidance in determining how aggressive to 
be in continuing medical therapy or in pro- 
ceeding with earty eperative intervention. 

Warp O. GEFFEN, JR, MD, Lexington, 
Ky: I agree eempletely with the conclu- 
sions regarding earty endoscopy in the ac- 
tively bleeding patient. It is the first diag- 
nostic step, = more accurate than 
emergency barum studies, can be docu- 
mented through appropriate pictures, and 
may replace all other diagnostic maneu- 
vers except pemthaps angiograpny. 

I would like to make two additional 
points. First, im these very siek patients, 
and before bleeding starts, endoscopy can 
be used to iden=*y early hemorrhagic gas- 
tritis. At that paint, ər even without endos- 
copy, antacid neatra ization of the secreted 
acid should be imstituted. Witd this regi- 
men, most of tae imstances of massive 
bleeding, which sre difficult to control, can 
be avoided. 

The second int s related to the treat- 
ment of a paties* beding massively from 
stress gastritis This is a surgical night- 
mare, and we seule all try to seek a non- 
operative mear= of sontrolling the hemor- 
rhage. Recently our experience was pub- 
lished using larze deses of dexamethasone 
in such patients in whem everything else 
short of surgical intervention had been 
tried. We were =ble to stop the bleeding in 
11 of 14 patien® treated with dexametha- 
sone, 6 mg/kg 2y intravenous push. 

Since that report I have learned that 
there is a greac difference between dexa- 
methasone, wheh ise methylprednisolone 
sodium phosphate, and methylprednisolone 
sodium succina=e (Selu-medrol) in terms of 
lysosomal stabilization. It may be this pre- 
vention of lysosomal disrupzion which 
leads to the dramatic cessation of massive 
gastric hemorrzage afier administration 
of large sterori doses. We now use 30 
mg/kg of methsIprednisolone sodium suc- 
cinate by intrawenous push anc taper this 
rapidly ever the next 48 hours. In the last 
two desperately Il patients in whom this 
was used, bleed mg ceased in less than two 
hours and did mt reeur-as the steroid was 
tapered and an acid instillation begun. 

I would like te ask Dr. Stanley one ques- 
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tion: In the patient who has occult bleed- 
ing, in whom you cannot demonstrate the 
bleeding site by any means, is it appropri- 
ate to use angiographic techniques on one, 
two, or even five occasions before oper- 
ating on the patient? 

ROBERT E. HERMANN, MD, Cleveland: 
These two papers on acute gastrointestinal 
bleeding present two alternative methods 
of diagnosis, both of which are extremely 
valuable to the surgeon in helping him lo- 
cate the bleeding site or sites, as pointed 
out by Dr. Sugawa, so that he can plan the 
most expeditious way to bring it under 
control. 

Both endoscopy with the flexible fiberop- 
tic units and selective arteriography are 
superior to barium studies of the gastroin- 
testinal tract. I believe these techniques 
are not competitive but are complemen- 
tary. Both can be effectively employed. 

My own choice of procedures, at the 
present time, is to turn to endoscopy first 
when the bleeding is thought to be proxi- 
mal to the ligament of Treitz, when the pa- 
tient has vomited blood, or blood is found 
in the nasogastric tube, or when one ex- 
pects an esophageal, gastric or duodenal 
lesion. I prefer angiography as the initial 
procedure when no blood has been found in 
the stomach, when a small bowel or colonic 
lesion is suspected, or when the bleeding 
site is relatively hidden. 

Endoscopy and arteriography are both 
valuable. They are complementary proce- 
dures. I would certainly agree with both 
authors that they should be performed be- 
fore barium studies of the gastrointestinal 
tract are ordered. 

WESLEY FurstE, MD, Columbus, Ohio: I 
would like to ask the authors how often 
they employ lateral views during their ar- 
teriographic studies. On one occasion we 
found that such views were helpful in mak- 
ing a diagnosis of a proximal, lesser curva- 
ture, acute gastric ulcer with severe hem- 
orrhage. 

One of our patients had a negative upper 
gastrointestinal tract series on Dec 1, 1972, 
then on Dec 20, had a resection of a right 
transverse colon carcinoma which had been 
demonstrated by a barium enema, and, on 
Dec 23, developed severe upper gastroin- 
testinal tract hemorrhage. On Dec 25, 
emergency injection of the superior mes- 
enteric artery did not reveal the source of 
bleeding. 

A lateral film obtained after fruitless at- 
tempts to selectively catheterize the celiac 
axis with anteroposterior views indicated 
the source of bleeding faintly in the area 
of the proximal lesser curvature of the 
stomach. The lateral view was only done, 
our roentgenologist James Bli 


celiac axis origin for injection. 

A later phase of the same lateral arterio- 
gram indicated definite pooling in the 
proximal, with lesser curvature area vis- 
ible; emergency surgical excision of the 
bleeding lesser curvature ulcer was per- 
formed, with recovery from both the colon 
carcinoma and the acute gastric ulcer to 
the present time. 

Ropert L. GoopaLE, JR, MD, Min- 
neapolis: In Minneapolis we are very en- 
thusiastic about endoscopy for upper gas- 
trointestinal tract hemorrhage. I have just 
two or three points to make. 

First, when hemorrhage is massive, one 
must be very vigorous with gastric lavage 
techniques in order to elucidate the actual 
bleeding site. 

Second, I am sure Dr. Sugawa agrees 
that in the high gastric lesions it is some- 
times very difficult to know whether one is 
dealing with a small erosion, a tiny Mal- 
lory-Weiss tear, or a small ulcer. However, 
the location of the bleeding site is very 
helpful to the surgeon; so for this location 
of bleeding we do not spend massive 
amounts of time trying to determine the 
precise cause. 

I would like to ask Dr. Stanley whether, 
after he accurately demonstrates a bleed- 
ing site, he would then consider leaving the 
catheter in place for future intraarterial 
vasopression infusion therapy. 

W. SPENCER Payne, MD, Rochester, 
Minn: Dr. Stanley has properly emphasized 
the value of performing angiography in 
patients with gastrointestinal tract hemor- 
rhage at a time of active bleeding. I wish 
to make a brief comment on the potential 
value of such studies in the problem pa- 
tient who presents with chronic occult 
blood loss and in whom laparotomy is con- 
templated to define a lesion that has not 
been demonstrated by standard radio- 
graphic or endoscopic methods, 

Dr. W. E. Miller and his colleagues in the 
Department of Diagnostic Roentgenology 
have studied a number of patients for us 
with this type of problem and have uncov- 
ered a variety of vascular malformations 
of the gastrointestinal tract, some of which 
we have not previously appreciated. A case 
in point is that of a 52-year-old man who 
was admitted with chronic anemia and 
documented occult intestinal loss; on selec- 
tive celiac axis injection, he was found to 
have a large arteriovenous fistula in the 
head of the pancreas adjacent to the sec- 
ond portion of the duodenum. Major filling 
was via the pancreaticoduodenal artery 
with the early visualization of the trib- 
utaries of the superior mesenteric vein. We 
are not aware of having encountered this 
malformation in this organ before. Ob- 
viously, in this type of problem in a solid 
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organ with rich collateral circulation it was 
not possible to effect control short of pan- 
creaticoduodenectomy. With the continued 
application of these special radiographic 
techniques, I suspect that we will uncover 
other malformations at sites, or with a fre- 
quency, we had not previously appreciated. 

ALEXANDER J. Wart, MD, Detroit: In 
closing, there are a few points I would like 
to make, and I will try to answer some of 
the questions. 

The first point we have wanted to make 
is that for far too long surgeons involved 
with active, acute upper gastrointestinal 
tract bleeding have really “been taken on a 
blind date.” While blind dates may be in- 
teresting, they are usually disastrous. So, I 
think the endoscope now gives us a very 
clear idea of what we term the quality of 
esophagogastroduodenal topography. We 
know what it is we are dealing with. We 
can take our time, make our plans, and be 
precise in our treatment. We have also 
learned that to someone with Dr. Sugawa’s 
skill, this whole thing is really quite 
simple. 

We think what we find does very defi- 
nitely influence our surgical approach. The 
cause of the bleeding may indeed influence 
what we are going to do at surgery. We 
were surprised, for example, to find that 
no fewer than 15% of these patients had an 
unquestionable Mallory-Weiss syndrome. 
We also found that we only had to operate 
on two of these patients; all of the others 
stopped bleeding spontaneously. Con- 
sequently, if we now see evidence of a Mal- 
lory-Weiss syndrome endoscopically, we 
would be much more conservative than we 
might otherwise be with continuing bleed- 
ing. 

With regard to angiography, a strong 
claim has been made that many of the le- 
sions could be visualized in the esoph- 
agogastric area. That is correct, but one 
can see them at least equally well and, I 
believe, much better, using an endoscope. 
The great advantage then, if one is going 
to operate, is that one can come directly 
down on the lesion instead of a gastrotomy 
in the lower portion of the stomach or over 
the duodenum, frequently leading to an 
unsatisfactory scramble, as one seeks to 
see what goes on up around the esophagus. 

Another thing we have relearned is that 
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what appears to be the offending lesion 
may not be the active lesion at all. This 
brings me to Dr. Block’s questien. Most 
definitely one must look at all the esoph- 
agus, all of the stomach, and all of the 
duodenum. The examination is not com- 
plete unless the whole area is looked at. In 
one case we reported here, the patient had 
what we termed “a full house”—Mallory- 
Weiss syndrome, erosive gastritis, varices, 
duodenal ulcer, gastric uleer—any one of 
which might have been responsible for the 
bleeding. Only direct inspection endoscop- 
ically could give the answer definitively. 

We have been somewhat puzzled about 
the real place of angiography in upper gas- 
trointestinal bleeding. We think endoscopy 
far supersedes it, and we have reserva- 
tions about angiography. We think it 
should be applied only when endoscopy has 
failed or when pharmacotherapy via selec- 
tive arterial catheterization is attempted. 

The patient with acute upper gastro- 
intestinal tract bleeding in whom endos- 
copy cannot be done because he is bleeding 
too much needs an operation or a Blake- 
more tube in the vast majority of cases. In 
the former situation, he can be taken to 
the operating room, anesthetized and an 
endoscopy performed on the table with the 
abdomen opened. This technique gives a 
very striking view because the light shin- 
ing through the stomach identifies the 
bleeding area. In 12 cases, Dr. Sugawa ac- 
complished what we termed intraeperative 
endoscopy. There was considerable value 
to this because the lesion was revealed in 
this manner. 

The etiological profile of any series will 
vary with the hospital from which it 
comes. Ours is from a city institution with 
an accent on erosive gastritis; whatever 
the background, however, endescopy is 
usually feasible and safe, replacing guess- 
work with objectivity and permitting ra- 
tional therapy. 

Dr. STANLEY: In regard to Dr. Griffen 
and Dr. Payne’s question concerning the 
use of arteriography in chronic oecult gas- 
trointestinal tract bleeding, we limit this 
type of examination to patients who have 
had normal barium study results as well as 
normal endoscopy results. In addition, we 
feel that the patients should have clear evi- 
dence of chronicity with at least two prior 


bleeding episodes before we feel that arte- 
riography is indicated. 

Of those we have studied, the mest re- 
warding findings have been vascular in- 
testinal tumors including discrete heman- 
giomas, leiomyomas, and a variety of other 
mesenchymal tumors. Arterial venous mal- 
formations, especially those in the colon, 
have also been found to be the caase of 
chronic unexplained bleeding. Although 
prominent collateral blood flow secendary 
to either celiac axis or superior mesenteric 
artery stenoses have been incrimineted in 
the literature as a potentially significant 
factor in chronic unexplained bleediag, we 
have not considered this finding te have 
the same significance as the above men- 
tioned causitive lesions. 

In reply to Dr. Furste’s questien, we 
have not employed the lateral view of the 
abdomen when looking for active gastroin- 
testinal tract bleeding. However t was 
certainly helpful in the interesting case he 
presented. 

Dr. Goodale, we presently will attempt a 
vasopressin infusion in any patient in 
whom we have demonstrated active arte- 
rial bleeding. We will also routinely infuse 
the superior mesenteric artery of a patient 
with active variceal bleeding. Our ~esults 
up to the present have been promising, al- 
though we have not accumulated enough 
data to attempt any significant evaluation 
of this mode of therapy. 

As far as the value of emergency arteri- 
ography compared to endoscopy i3 con- 
cerned, I can only say that our experience 
at Barnes Hospital is at variance wth Dr. 
Walt’s at the Detroit General Hospital. We 
have found a group of patients in whom 
the site of active upper gastrointestinal 
tract bleeding can be demonstratec in no 
other way than selective arteriography. 
These may be the same category of pa- 
tients as those whose endoscopy was de- 
ferred for 24 to 48 hours due to exeessive 
bleeding or unstable vital signs as de- 
scribed by Dr. Sugawa. The value of emer- 
gency arteriography in defining the site of 
bleeding in those areas of the intastinal 
tract beyond the reach of the gastroscope 
and duodenoscope is, of course, substantial 
and not in question. 
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Combined Isotope Venography 


and Lung Scanning 
A New Diagnostic Approach to Thromboembolism 
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James L. Quinn III, MD; John J. Bergan, MD, Chicago 


Venography was performed on 44 patients 
by injecting radionuclide into a foot vein be- 
low an ankle tourniquet and performing 
rapid-sequence scintiphotography of venous 
flow in the calves, thighs, and abdomen. A 
lung scan was also obtained with use of hu- 
man serum albumin microspheres labeled 
with Tc 99m. Standard contrast venography 
was done on 34 of the limbs. There was 
good correlation between the results from 
contrast and those from radionuclide ve- 
nography (89%). Thirteen (39%) of the 33 
patients with an abnormal radionuclide 
venogram had an abnormal lung scan, indi- 
cating pulmonary emboli. Of six patients 
who had pulmonary embolism but clinically 
silent legs, five had abnormal vein scans. 
Seven patients with abnormal venograms 
had abnormal lung scans, suggesting pulmo- 
nary emboli, even though they were asymp- 
tomatic in both areas. This method seems 
ideal for detection of the ‘‘silent embolus” 
and is of particular value in understanding 
the natural progress of the thrombotic pro- 
cess. 


*... the problem of diagnosis and treat- 
ment of pulmonary embolism remains with 
us in high degree.” 

PAUL DUDLEY WHITE’ 


ponen thromboembolic disease 
is common, occurring in every 
type of practice, including medical, 
surgical, obstetric, and even pediatric 
clinical experience. It is a condition of 
tremendous importance because of 
two significant sequelae: sudden 
death or chronic venous insufficiency. 
Refinement in methods of diagnosis 
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of pulmonary embolism has led to in- 
creasing realization of the impor- 
tance of this condition in producing 
acute and chronic pulmonary insuff- 
ciency. Similarly, but separately, 
diagnostic methods employing ul- 
trasound or isotope-tagged fibrino- 
gen or both have led to increased 
knowledge about incidence of venous 
thrombosis of the lower extremities. 
These advances have served properly 
to focus medical attention upon 
venous thrombosis and pulmonary 
embolism as acute and common haz- 
ards of modern life. 

Newer diagnostic techniques have 
shown clearly that only a small frac- 
tion of deep venous thromboses be- 
come clinically obvious (less than one 
third).>* Even in situations of strong 
clinical suspicion, diagnosis based 
upon physical examination alone is 
accurate in only one third of pa- 
tients.*° This inadequacy of clinical 
examination has led clinicians to 
search for objective means of con- 
firming these obscure diagnoses. In 
this regard, use of radioactive labeled 
fibrinogen as suggested by Hobbs and 
Davies® and thoroughly investigated 
by Negus et al’ and Kakkar et al* has 
added much to knowledge of epidemi- 
ology and natural history of venous 
clotting. Similarly, ultrasound flow 
velocity detection methods*" and im- 
pedance plethysmography’’ have 
added another dimension in improve- 
ment of accuracy of detection of 
venous occlusions. 

Newer instrumental techniques ad- 
vocated for definition of intravascular 
clots have advanced the field but have 
failed to contribute information 
about the mutual association of 
venous thrombosis and pulmonary 
embolism. This study was undertaken 
to attempt development of a simple, 
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swift noninvasive diagnostic test that 
would aid in clinical evaluatien of the 
entire clinical picture of venous 
thromboembolic disease from clot for- 
mation in the leg or thigh to arterial 
occlusion in the lung. This new ap- 
proach sought to combine radio- 
nuclide (isotope) venography and 
lung scanning into a single diagnostic 
maneuver to establish (1) accuracy of 
the method as compared to standard 
contrast venography and (2) relation- 
ship between venous thrombosis and 
pulmonary embolism as related to ini- 
tial presenting symptoms. 


Materials and Methods 


A total of 44 patients admitted to the 
Northwestern Memorial Hospital of the 
McGaw Medical Center were selected and 
examined in the Blood Flow Laboratory 
and the Department of Nuclear Medicine 
because of symptoms or findings suggest- 
ing venous thromboembolic disease. Exam- 
inations performed included clinical 
evaluation, radionuclide venography, 
pulmonary perfusion scanning, contrast 
venography, and electrical impedance 
plethysmography in addition to ultrasound 
venous velocity evaluation. This report will 
focus upon correlations between clinical 
examination, isotope venography and lung 
scanning, and contrast venography. 

Clinical Evaluation.—All patients were 
examined daily by one of the senior inves- 
tigators and evaluated for retromalleolar 
ankle edema, pretibial venous distention, 
increased calf tissue turgor, abnormally 
prominent venous patterns over the groin 
and thigh, and ankle, calf, and thigh cir- 
cumferential measurement. Calf pain test- 
ing and pain on forcible foot dorsiflexion 
were also employed as tests in selected pa- 
tients. 

Pulmonary embolism was suspected in 
patients with any combination of two or 
more of the following: dyspnea, tachypnea, 
tachycardia, chest pain, accentuation of 
the pulmonary second sound, elevation of 
lactic dehydrogenase isozymes, and de- 
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Fig 1.—Norm 
knee cap (white dot). 


kadionuclide venogram showing patent popliteal vein. Marker placed over 


Fig 2.—Norm@ “emoral venous flow recorded by radianuclide imaging method is charac- 


terized by homogemeous distribution of tracer. 





fects in the pulmonary sean unaccompa- 
nied by abnormality in the chest roentgen- 
ogram 

Radionuclide VY nography.—Isotope venog- 
raphy was performed by inserting small- 
caliber plastic needles into a dorsal vein of 
each foot below double ankle tourniquets. 
The nuclide employed was Tc 99m. This 
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was applied to human serum albumin mi- 
crospheres. The preparation and use of 
this material was similar to that reported 
in detail by Rhodes et al.'* The iliac veins 
and vena cava were examined, using 
simultaneous injection of 0.7 to 1.5 milli- 
curies of human serum albumin micro- 
spheres labeled with Te 99m into each dor- 


sal foot vein individually. The total dose 
administered averaged 6 millicuries. 

Injections were performed with the pa- 
tient carefully positioned under an Anger- 
type scintillation camera. Rapid-sequence 
scintiphotography of venous flow through 
calf veins, thighs, groins, and abdomen 
was performed using a Gamma camera 
with 4,000- or 15,000-hole collimator. The 
image was recorded simultaneously by Po- 
laroid camera photography and by digital 
data recording on video tape. The images 
were replayed on the oscilloscope and pho- 
tographed at one-second intervals by a 
motorized Nikon camera onto 35-mm film. 

Lung Scanning.—After completion of the 
peripheral vein scan, scintiphotos of the 
lungs were taken in four views (anteropos- 
terior, posterioanterior, right lateral, and 
left lateral), using the same Gamma cam- 
era. Lung images were taken with the pa- 
tient in the supine position. 

Contrast Venography.—Simultaneous and 
sequential injections into dorsal foot veins 
were accomplished through plastic needles 
anchored on each foot. Contrast medium 
was a mixture of diatrizoate meglumine 
and sodium (Renografin-60) and all injec- 
tions were made with the patient tilted 
into a 30° to 45° foot down position. Mul- 
tiple, segmental ankle and thigh tourni- 
quets were not used. This technique is es- 
sentially the same as that described by 
Rabinov and Paulin." 


Results 


Correlation Between Radionuclide 
and Contrast Venography.—In 19 pa- 
tients there were 34 limbs in which 
total contrast venography and isotope 
venograms could be compared. The 
correlation of findings between the 
two methods was 89%. Thirteen of 
these lower extremities showed no 
abnormality of the superficial or deep 
venous system on contrast or isotope 
venography. In these limbs, the nor- 
mal isotope venogram was character- 
ized by visualization of venous flow in 
normal, named major venous trunks: 
crural, popliteal, femoral, and iliac 
veins, and the inferior vena cava (Fig 
1 through 3). In one limb, suspicious 
isotope pooling was noted but inter- 
preted as a normal variant. Contrast 
venography showed a thrombosis of 
the popliteal vein at this point. 

In 21 limbs, the isotope venogram 
was interpreted as being abnormal 
and in 19 of these, the contrast veno- 
gram confirmed the suspected patho- 
logic process (90%). Abnormalities 
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Table 1.—Findings in Patients With Presenting Findings of 
Pulmonary Embolization 


Cortrast 
Venegram 


Not done 
Abnormal 
Not done 
Abnormal 
Abnormal 


Clinical 
Examination 


Normal 
Normal 
Normal 
Normal 
Normal 


Isotope 
Venogram 


Abnormal 
Abnormal 
Abnormal 
Abnormal 
Abnormal 


Thrombotic Site 
Calf and pelvis 
Iliac veins 
Pelvic veins 
Iliac veins 
Popliteal veins 


Calf, popliteal, and 


femoral veins Abnormal Normal Not done 





Fig 3.—Good visualization of veins and in- 
ferior vena cava in a normal subject by ra- 
dionuclide venography. Marker placed over 
iliac crest (white dot). 


Table 2.—Findings in Patients With Unsuspected Pulmonary Embolization 


Contrast 
Thrombotic Site Venogram Evaluation Venogram 


Femoral vein Abnormal Abnormal Abnormal Survived 
Iliac vein Abnormal Abnormal Abnormal Died 
Femoral vein Abnormal Abnormal Not done Survived 
Femoral vein Abnormal Abnormal Abnormal Survived 
Femoral vein Abnormal Abnormal Abnormal Survived 
Iliac vein Abnormal Abnormal Not done Died 


Isotope Clinical 


noted in these studies are illustrated 
in Fig 4 through 8 and were as fol- 
lows: (1) absent flow in deep venous 
circulation: flow seen only in the su- 
perficial circulation, (2) deep circula- 
tion with collateral veins around an 
apparent obstruction, (3) irregular 
deep veins with collateral or super- 
ficial circulation also visualized, and 
(4) “hot spots” representing entrap- 
ment of the microspheres in the 
thrombus. 

In one patient, an abnormal iso- 
tope venogram was interpreted as 
showing femoral venous occlusion, 
probably thrombosis. A subsequent 
contrast study demonstrated a curvi- 
linear extrinsic compression of the 
common femoral vein without intra- 
luminal thrombus. Surgical explora- 
tion of the occlusive lesion revealed 
reticulum cell sarcoma in groin lymph 
nodes. 

Sequential Examinations.—Six limbs 
in three patients were reexamined 
because of increasing symptoms or 
new symptoms not previously mani- 
fested. In one limb, progressive devel- 
opment of collateral venous channels 
was noted over a five-day observation 
period. In two other patients, pro- 
gressive extension of thrombus was 
seen in one and new isotope hot spots 
indicative of fresh venous thrombosis 





Fig 4.—In a patient with complete occlusion of the inferior vena cava, collateral flow along 
abdominal wall is seen. Vena cava is not visualized. 





were seen in the other. 

Relationship of Venous Thrombosis 
to Pulmonary Embolism.—In 44 pa- 
tients studied with isotope venog- 
raphy and subsequent, same-sitting 
pulmonary scanning, 33 patients 
showed abnormal isotope venograms 
and 15 evidenced abnormal lung 
scans. Of the 33 patients with abnor- 
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mal radionuclide venograms, 13 (39%) 
showed focal perfusion defects con- 
forming to lobar or segmental pulmo- 
nary anatomy. These were inter- 
preted as being pulmonary emboli. In 
contrast, on two (18%) patients of the 
11 with normal isotope venograms, 
lung scans revealed perfusion defects 
that were thought to be pulmonary 


emboli. 


There were six patients whose ini- 
tial problem was single or multiple 
pulmonary emboli. In four of these, 
clinical examination failed to reveal a 
source for the emboli and in each in- 
stance the isotope venogram identi- 
fied one or more sites ef venous 
thrombosis in thigh or leg veins. The 
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Fig 5.—Hot sœ% representing entrapment of microspheres within clots are seen in a pa- 
tient with calf vey thrombosis extending to popliteal segment. 


Fig 6.—Demor st-atiorwof pelvic cross-over collaterals in a patient with previous iliac vein 


thrombosis. 





yateerts were shown to 
have pelvic veravs thrombosis with- 
out clinical findimzs (Table 1’. 

There were =7 patients wio were 
examined primarily because of find- 
ings suggesting venous thrombosis. 


two other 


Seven of these (246%) were found to 
have an abnormal lung scar, which 
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suggested occult pulmonary emboliza- 
tion. In none of these had a clinical 
diagnosis of pulmonary embolus been 
suspected. Two of these patients sub- 
sequently died of massive pulmonary 
embolization despite heparin sodium 
therapy. Both had iliofemoral venous 
thrombosis (Table 2). 


Comment 


Radioactive pharmaceuticals have 
the potential to revolutionize vascular 
diagnosis. These materials were first 
used by Hobbs and Davies,® who ob- 
served the uptake of fibrinogen la- 
beled with iodine 131 to demonstrate 
fresh thrombi in rabbit leg veins. 
They suggested the utility of this 
technique in clinical medicine. Subse- 
quently, several investigators defined 
the accuracy, safety, and utility of the 
technique,** and used fibrinogen la- 
beled with iodine 125 because of the 
longer half-life of this isotope. The 
method had distinct limitations, al- 
though it was valuable in prospective 
studies and in programs designed to 
assess prophylaxis. Unfortunately, 
the tagged fibrinogen had to be ad- 
ministered prior to thrombus forma- 
tion. Also, the accuracy of the tech- 
nique was found to be poor in larger 
vein segments such as the femorals, 
the iliacs, and the cavae. 

Several workers have noted the op- 
portunity to study the lower extrem- 
ity venous system while performing 
pulmonary isotope scans." These 
investigations have been hampered 
by limitations imposed by the tracer 
available to them. 

When the macroaggregates labeled 
with Te 99m were injected, the ir- 
regular shape of the particles showed 
an affinity for venous valves and pre- 
cluded accurate venous evaluation, 
producing a high degree of false-posi- 
tive results. This difficulty was over- 
come by use of Te 99m and a high 
degree of correlation between iso- 
tope and contrast venograms was 
achieved.” Unfortunately, this nu- 
clide was subject to constant recircu- 
lation; therefore, pulmonary per- 
fusion scanning was impossible. 

The present report describes the 
utilization of a significant refinement 
in radioactive pharmaceutical tech- 
niques. This, in brief, is the isotope la- 
beling of 15u to 30u microspheres of 
uniform spherical shape with a nu- 
clide with a six-hour effective half- 
life. This size particle does not re- 
circulate and is ideal for lung scan- 
ning.’ The spherical shape gives it 
less tendency to adhere to venous 
valves, thus preventing technique-in- 
duced false-positive scans. This mate- 
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Fig 7.—Filling defect seen in a patient with popliteal vein thrombosis. 


rial represents an important change in 
armamentarium for the isotope-ori- 
ented vascular physiologist and al- 
lows him to perform simultaneous 
venography of the periphery and 
scanning of the central circulation of 
the lungs. 

This study suggests that venog- 
raphy using human serum albumin 
microspheres labeled with Tc 99m is 
reliable. Visualization of the venous 
system from the ankle to the dia- 
phragm was excellent and there was 
a high correlation of findings (90% 
range) with contrast venograms. Fur- 
thermore, the method allowed exami- 
nation of visualized veins under phys- 
iologie conditions without artifacts of 
pressure injection or layering of high 
specific gravity contrast media. Thus, 
thrombi-induced flow abnormalities 
were easily detected and pathophys- 
iologic flow patterns defined. 

A surprising discovery was the ease 
of visualization of central high-flow, 
large, venous channels. These were 
routinely seen and presented a 
marked contrast to the conventional 
radioactive contrast studies in which 
iliac veins and vena cava were poorly 
seen during ankle or foot injection. 

Limitations of accuracy of the iso- 
tope venogram were found chiefly in 
the leg veins. These channels, usually 
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doubled in each of the three crural 
compartments, defy accurate eval- 
uation. Since blood flow is preferen- 
tially directed away from occlusive 
thrombi in leg veins, false-negative 
study findings are a liability in this 
anatomic segment. Hot spets (true 
venous occlusions), when ebserved, 
were confirmed by conventienal con- 
trast studies. 

Clearly, the chief advantage of this 
method of studying the clinical prob- 
lem of venous thromboembolic dis- 
ease is the ability to perform si- 
multaneous peripheral venography 
and pulmonary: scanning. Thus, pul- 
monary emboli can be discevered or 
confirmed while sites of venous clot- 
ting are investigated. 

In the past, the source ef pulmo- 
nary emboli has been the subject of 
much investigation and more conjec- 
ture. McLachlin et al* found that 73% 
of venous thrombi originated in the 
iliofemoral venous segment and that 
56% of such patients had pulmonary 
emboli. Although Mavor and Gallo- 
way” have confirmed the importance 
of the iliofemoral segment es a source 
of emboli, Kakkar et al’ using 
tagged fibrinogen, have emphasized 
the importance of calf van throm- 
bosis. He has suggested that calf 
thrombi lead to more proximal throm- 





trast venogram shows occlusion in popliteal 
vein. 


boses, which in turn produce pulmo- 
nary emboli. Careful simultaneous 
isotope venography and lung scan- 
ning may resolve these important 
controversial points even though the 
technique itself has certain limita- 
tions in evaluation of calf venous 
thrombosis. 

The present study, though neces- 
sarily preliminary because of the very 
recent availability of a proper nu- 
clide, suggests that the iliofemoral 
segment of the venous system pre- 
sents a far more lethal connotation 
than the calf veins. In two patients 
with prominent symptoms and find- 
ings of pulmonary embolization, clini- 
cally normal lower extremities were 
found to contain iliofemoral venous 
thrombi. In addition, two patients 
with known femoral venous throm- 
bosis died suddenly with massive pul- 
monary emboli despite adequate 
heparin therapy. Thus, this study sup- 
ports the findings of Walker” who 
used an elaborate combined technique 
of lung scanning, bilateral femoral 
venography, and peripheral leg 
scanning with fibrinogen labeled with 
iodine 125. He found that 49% of pul- 
monary emboli arose from the ilio- 
femoral venous segment when the 
legs were clinically silent. 

The present method of lower-ex- 
tremity evaluation and simultaneous 
lung scanning may provide much 
needed information about early de- 
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tection of veneus thrombi, selective 
sites of localzation and their cor- 
relation with pulmonary thrombo- 
embolism, anf ability of various ther- 
' apeutic regimens to abort venous 
thrombosis and prevent pulmonary 
emboli. 


_ This investigatiea was supported in part by a 
grant-in-aid fror ‘he Chieago Heart Association 
and by the Northwestern University Vascular 
Research Fund. 
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clarifying this point. 

DR. BERGAN: Thank you, Dr. Bernhard, 
for your perceptive comments and ques- 
tions. This method is indeed unique in that 
it uses isotope-tagged albumin micro- 
spheres. As detailed in the manuscript, 
this accounts for the accuracy of this 
phlebography as contrasted with other re- 
ports. Hopefully, the complete venous 
study from the calf through the popliteal 
and femoral segment will indeed reveal 
whether calf vein thromboses do propagate 
proximally, as Dr. Kakkar in England has 
suggested, or whether, as we believe, fem- 
oral and iliac venous thromboses arise de 
novo. We believe that the femoral is the le- 
thal segment, that the calf veins are those 
that produce pulmonary emboli without 
many symptoms. 

The position of the patient is supine un- 
der the camera, and this equipment is 
readily available in this country. To our 
knowledge, there are 4,000 cameras in use 
today. The equipment, of course, is expen- 
sive but, as every nuclear medicine depart- 
ment knows, it pays for itself in time. 

As Dr. Walt pointed out in his speech, 
surgeons have had a romance with gas- 
trointestinal hemorrhage. They have also 
had an illicit romance with another man’s 
wife, venous thrombosis. This is really a 
medical disease and should receive medical 
treatment. Hopefully, surgeons working 
with a good, cooperative nuclear medicine — 
department can return the wife to her 
proper husband. 
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Nonthoracotomy Diagnostic Techniques 


for Pulmonary Disease 


Donald C. Zavala, MD, Nicholas P. Rossi, MD, Iowa City 


Five hundred patients with pulmonary dis- 
ease underwent diagnostic techniques not 
involving thoracotomy. The biopsies taken 
were by cutting needle, trephine, bronchial 
brush, and bronchofiberscope. Medias- 
tinoscopy, anterior mediastinotomy and 
thoracoscopy were employed as supplemen- 
tary procedures. The diagnostic accuracy 
was between 70% and 90%. One or a combi- 
nation of methods was found highly valuable 
in patients who were inoperable with bron- 
chogenic carcinoma, critically ill, immuno- 
suppressed, or aged. Postbiopsy complica- 
tions were not serious except for cutting 
needle biopsy in diffuse parenchymal dis- 
ease, where a 31% incidence of bleeding was 
encountered. In localized pulmonary disease, 
fiberoptic bronchoscopy with brush biopsy 
was the best initial approach, especially if 
the lesion was located centrally enough for 
endoscopic visualization. In diffuse disease, 
trephine biopsy was the best percutaneous 
technique for obtaining a piece of lung tis- 
sue. 


T recent years the diagnostic 
armamentarium for pulmonary 
disease has been greatly expanded. A 


number of procedures are now at our 


disposal, the proper choice of which 
will facilitate the diagnosis of inde- 
terminate pulmonary lesions (Table). 
The techniques of percutaneous lung 
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biopsy, fiberoptic bronchoscopy, and 
bronchial brush biopsy are presently 
available together with other proce- 
dures, including mediastinoscopy, an- 
terior mediastinotomy, scalene node 
biopsy, thoracoscopy, and limited 
thoracotomy. In a given situation 
these procedures may not be inter- 
changeable in their application. To 
secure a diagnosis, the physician must 
decide which one or combination is 
the best to use. 

The question repeatedly asked is, 
“Why do anything less than a tho- 
racotomy?” It is inappropriately 
posed since thoracotomy is not always 
contemplated without regard to the 
results of other studies. The min- 
imally invasive techniques, if prop- 
erly selected, have been shown to 
have reproducible results, which are 
as reliable as a more direct approach. 
The pulmonary lesion may be nonre- 
sectable, but a precise diagnosis is 


necessary for appropriate radiclogic 
or oncologic therapy to be given. In 
the critically ill, immunosuppressed, 
or aged patient, a diagnosis is sorely 
needed, but the situation frequently 
precludes open surgical biopsy. The 
disease process may be metastatic, in 
which instance diagnosis by a nontho- 
racotomy procedure will facilitate pa- 
tient management with minimum ex- 
pense and discomfort. Often we have 
encountered patients who initially 
have refused surgery, but later will 
agree to a therapeutic thoracotomy 
after the diagnosis has been estab- 
lished by a less invasive procedure. 


Method 


Our approach in diagnosing an unkown 
lung lesion is to review the patient’s chest 
x-ray films, evaluate the nature and extent 
of the abnormality, and then seleet the 
safest nonthoracotomy procedure that has 
the highest yield. In diffuse parencaymal 


Nonthoracotamy Lung Biopsy of 500 Patients* 


No. of Type of 


Technique 
Cutting Needle 17 Localized 
23 Diffuse 
Trephine 
Air drill 50 
Bronchial brush 
Fixed system 50 
Mobile system 75 
Bronchofibe‘scope 285 
Brush 
Brush 


Mixed 


Localized 
Localized 
Lecalized 
Central 
Peripheral 


Patients Lung Disease % Accuracyt 


Complications, 

°% Pneumonial/ Hemorrhage 
9 9 

78 35 31 


Diagnostic, 


32 8 


<1. <1 
<1 <1 


0 <1 
71 0 <1 


* All of the biopsies were performed by the author between 1970 and 1973. 
t Results for localized lung disease indicate percent of accuracy in diagnosing 


bronchogenic carcinoma. 
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disease æ piec of lung tissue is needed. 
The preferred method is trephine biopsy, 


using a high-speed air drill,-* or suction- 


excision biepsy, using an Abrams pleural 
biopsy needle.” inital results indicate that 
suction-excsioc biepsy is safer than tre- 
phine lung >icasy, out the tissue obtained 
is much smaller and is totally peripheral. 
Diagnostic <issa2 has been obtained in as 
high as 84% t» 85% of the trephine lung 
biopsies. L.ghe ami electron microscopy 
and immurpfiraressen! and microbiologic 
studies can de serfermed. A cutting needle 
is not used in tiffuse disease because of a 
high risk of semeus lune hemorrhage and a 
lower tissue yad.” Pmeumocystis carinii 
pneumonia presents a special problem in 
which a premp-. exact diagnosis is neces- 
sary; otherwise therapy is blind and uncer- 
tain. Usually ese patients are desper- 
ately ill, immpmosuppressed, and tolerate 
only minimal a&mstrumentation. Bronchial 
brush biopsy veth irrigation and aspiration 
of areas of maxima involvement offers the 
safest diaguos:ic maneuver w th the least 
risk. Smears, caltures, and filter specimens 
are collected fer special studies, including 
Grocott (silver metiaenamine) and Giemsa 
stains. If tae ~esults of these studies are 
normal, thea asactmn-excision biopsy may 
be tried. Trepe ne lung biopsy ñas a higher 
risk, but may veld the diagnosis. 

In localized paimonary disease fiberop- 
tic bronchoscocy with biopsy is the best 
initial appreack, especially if the density is 
located in ascertral or midzone area.*'' We 
prefer insertire the fiberscope through an 
orally placed =mdosracheal tube, but the 
nasal route is given preference by oth- 
ers." With tew exceptions, the flexible 
fiberoptic imstrament is superior to a rigid 
scope because of increased visual and 
biopsy range vith minimal discomfort and 
negligible rsk œc the patient. I: is easier to 
train resideatsam its usage. The rigid bron- 
choseope is stl] ar excellent instrument 
for removal of a fereign body, aspiration 
of thick, eopiows:secretions, and for use in 
patients whose<racieai diameter is signif- 
icantly decreased. în the latter instance, 
insertion of a kcllow, rigid instrument be- 
yond a tracneal obstruction wll insure an 
adequate airwey, whereas passage of a fi- 
berscope wil surther ecclude the airway. 
We prefer to perform biopsy with the 
brush inserted zaroagk the channel of the 
bronchofiberscspe rather thar to use the 
curette or fereens. The curette is more mo- 
bile, but there are still technical problems 
and hazards associatec with this delicate 
device. Material «s collected for cytological, 
microbiolegwal and fumgal studies. Brush 
biopsy of endosepically visible tumors will 
produce positiwe results in 91% to 94% of 
biopsies, whick is consparable to results 
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from biopsy with a forceps and produces 
less hemorrhage.'®" 

The diagnostic yield on peripheral lung 
tumors located beyond flexible endoscopic 
vision is decreased to 71% to 78% because 
of difficulty in getting the brush on tar- 
get.” If we are unsuccessful in brushing 
the distal lesion, then the fiberscope is im- 
mediately removed, and a mobile catheter 
with a controllable tip is inserted through 
the previously placed endotracheal tube.'*"° 
A nylon brush, mounted in a Teflon tube, is 
passed through the positioned mobile cath- 
eter and guided to the lesion under fluo- 
roscopie control. In addition to malignant 
disease, one may identify various fungal 
and bacterial infections. A positive report 
is diagnostic, and a highly suspicious re- 
port is extremely significant, but false- 
negative results of 20% to 25% do occur. 
Regardless of the technique employed, it is 
essential to have the biopsy device, eg, 
brush, on the lesion. 

Further diagnostic success can be 
achieved by proper handling of the biopsy 
specimens. The brush should be agitated in 
a tube of normal saline or Ringer’s solution 
to remove the cells and bits of tissue. The 
tube sample is then collected on a polymer 
filter, which undergoes Papanicolaou stain- 
ing. Because of superior results with this 
method, we no longer make direct smears 
with the brush, nor is the brush itself pro- 
cessed. Irrigation and aspiration samples 


_ are taken after each brushing, collected in 


a suction trap, and sent to the laboratory 
for cell block. If the results are positive for 
malignancy, usually both the filter and cell 
block samples are in agreement, but occa- 
sionally one or the other alone will be posi- 
tive. 

A peripheral lung mass, especially one 
extending to the pleura, is ideal for biopsy, 
using a cutting needle’ or trephine air 
drill.-* Tumors located deeper than 3 em 
beneath the pleura should have biopsies by 
other techniques, such as needle aspiration 
or bronchial brush biopsy. Needle aspira- 
tion yields tiny bits of tissue and requires 
a cytologic approach. In the hands of ex- 
perts, an 87% overall diagnostic accuracy 
with minimal complications has been re- 
ported. 

Hilar adenopathy with or without pul- 
monary lesions may be evaluated first by 
scalene node biopsy, especially if palpable 
nodes are present. Mediastinoscopy'’"'* or 
anterior mediastinotomy are practically 
100% successful diagnostic methods in sar- 
coidosis with hilar adenopathy. Not in- 
frequently, a diagnosis of lymphoma is 
made by this route. If a scalene node 
biopsy is done and no diagnosis is estab- 
lished, we then proceed to mediastinoscopy 


- or diagnostic anterior mediastinotomy at 


the same sitting. Mediastinoscopy is poten- 
tially dangerous and requires a meticulous, 
experienced surgeon for best results. It is 
of great value in assessing the mediastinal 
spread of bronchial carcinoma. Noninva- 
sion of mediastinal nodes is a strong indi- 
cation that a malignant lung lesion is re- 
sectable. Tumor involvement of ipsilateral 


= nodes may not preclude surgery, but 


spread to contralateral nodes is considered 
to be an absolute contraindication. Ante- 
rior mediastinotomy is an extrapleural ex- 
ploration through the bed of the second or 
second and third right costal cartilages. Its 
indications are the same as for medias- 
tinoscopy. Its advantages are that it is 
safe, quick, direct, and also applicable in 
the superior vena caval syndrome. 


Comment 


Thoracoscopy is a method that we 
have used successfully for over 20 
years in our service in diagnosing 
pleural effusion, especially when can- 
cer is suspected. This method was 
first brought to our attention by Jo- 
hann L. Ehrenhaft, MD, Chairman, 
Division of Thoracic and Cardio- 
vascular Surgery, Department of Sur- 
gery, University of Iowa Hospitals 
and Clinics, Iowa City. An accurate 
cytological evaluation of pleural fluid 
is difficult because of degenerative 
cellular changes and bizarre, reactive 
mesothelial cells. When examination 
of the pleural fluid is unrewarding, a 
diagnosis usually can be made by di- 
rect pleural biopsy through the thora- 
coscope. In our experience, needle 
pleural biopsy has had a poor diagnos- 
tic yield except in tuberculous pleur- 
itis. 
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WILLIARD A. Fry, MD, Evanston, III: 
I would like to comment on three aspects 
of this paper, and raise one question. 
First, with the advent of the flexible, 
fiberoptic bronchoscope, we find that we 
are doing much fewer of the Fennessey 
type brushings now than in the past. 
Second, the needle that Dr. Rossi de- 
scribed has differences from the Vim-Sil- 
verman needle, but it is of the same diame- 
ter. We have been using the older Swedish 
technique with a fine aspirating needle and 
have found it exceedingly helpful. Our in- 
cidence of serious complications has been 
low, using the finer needle and hand aspi- 
ration. 
= Third, in diffuse lung disease, a patholo- 
gist requests adequate material so that he 
may obtain hematoxylin-eosin sections, 
special stains, electron microscopy, viral 
studies, and a thorough battery of micro- 
biologic culturing. A small core of tissue, to 
me, does not seem adequate for all of the 
pathologist’s needs. In addition, a pneu- 
mothorax rate of 30% seems a bit high, 
particularly when two thirds of those 
patients require a chest tube. An open 
lung biopsy does not require a formal pos- 
terolateral thoracotomy. It can be done 
through a small thoracostal incision. In our 
experience we have had no air leak, mor- 
tality, or morbidity since using the sta- 
pling devices for the past few years for 
open lung biopsy. The patients are ready 
for discharge in a couple of days, and an 
adequate specimen is obtained in the in- 
flated form, for which many pathologists 
are grateful. We have used the stapling 
device that was developed for gastroin- 
testinal anastomosis. It gives a very 
smooth biopsy site with no bleeding or air 
leak. It is a very quick technique. 
Finally, many of the diagnostic proce- 
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Discussion 


dures discussed by Drs. Zavala and Rossi 
often involve subsequent surgical treat- 
ment, and that is particularly true of bron- 
choscopy. A decision to try for a lobectomy 
over pneumonectomy may be based on the 
bronchoscopic appearance, and I would in- 
sist on bronchoscoping such a patient my- 
self. My question is, “Should we consider 
bronchoscopy a medical or a surgical proce- 
dure?” I am all for the flexible scopes. I 
think they are great, but I would like to see 
them used by the surgeons. 

Dr. ZAVALA: Dr. Fry said he was going 
to ask a question, but I didn’t quite catch 
the question. I did get an implication of a 
medical doctor vs a surgeon performing 
the fiberoptic bronchoscopy, although he 
knows that I am an internist. 

It so happened that there was a void at 
our hospital and neither the surgeons nor 
the ear, nose, and throat people were par- 
ticularly interested in looking into fiberop- 
tic bronchoscopy two years ago. I arrived 
on the scene, and with the help of Dr. 
Rossi, who gave me encouragement, I be- 
gan performing this procedure and have 
gained some proficiency in it. We now have 
completed more than 500 fiberoptic bron- 
choscopies. 

I do not think it makes any difference 
whether the operator is a medical man or a 
surgical man. I think it makes a great deal 
of difference as to the experience he has 
had, and I would encourage interested 
physicians in the departments of general 
surgery, thoracic surgery, otolaryngol- 
ogy, and pulmonary medicine to become 
proficient in the use of this very fine in- 
strument. I bronchoscope all of the pa- 
tients at the University of Iowa Hospitals 
prior to thoracotomy, and the surgeons like 
this arrangement. 

I might say that I was delighted when, 
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recently, our surgeons decided to buy a 
bronchofiberscope for the Veterans Ad- 
ministration Hospital. I do not feel this is a 
competitive type of thing. 

There is a particular case that is ex- 
tremely difficult both for surgeons and 
medical men, and that is the immuno- 
suppressed patient who has diffuse pulmo- 
nary lesions. Does he have Pneumocystis 
carinii pneumonia? By the time you get 
the patient he is hypoxemic and so se- 
verely ill that you would prefer not to ex- 
amine him, much less carry out am open 
thoracotomy. Some of the nonthoracotomy 
techniques are very applicable in helping 
to arrive at a diagnosis in such a patient. 
At the present time, in this particular in- 
stance, we are using a mobile catheter with 
a small balloon at the tip, going cut toward 
the periphery, brushing the segment, and 
then following this with a thorough irriga- 
tion of a given lung segment. We go to the 
area that looks like it has greatest involve- 
ment on the chest roentgenogram. In such 
fashion we have been able to come up with 
a fairly accurate diagnosis. 

There is something to be said about the 
suction-excision biopsy. There is a current 
study by Dr. Newhouse, using an Abrams 
needle. He puts the needle in the chest, 
snuggles it up to the lung, opens the cham- 
ber against the visceral pleura, applies suc- 
tion, and pulls out a small plug of pleura 
and lung. 

I do not advocate placing the Abrams 
needle 3 cm into the chest and then apply- 
ing suction, as recommended by the South 
African group in the February 1973 issue 
of the American Review of Resptratory 
Disease. I think they will get irto trouble 
using the needle in this fashion. 
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Prognosis in Gastric Lymphoma 


Stanley O. Hoerr, MD; Lawrence J. McCormack, MD; Norman R. Hertzer, MD, Cleveland 


Forty-four patients operated on since Jan- 
uary 1950 comprise this study. The disease 
appeared to orig nate inthe stomach in 39 
patients. A resextien of varying extent was 
undertaken for ewre in 16 patients; only two 
have died of lyeaphema and there are ten 
five-year survivors todate. There are no five- 
year survivors in 24 patients whose disease 
was clearly beyamd surgical cure, irrespec- 
tive of treatmemt. There are two five-year 
survivors in a group of four patients whose 
lesion could hawe been resected but then, 
for various reasmas, irradiation was the de- 
finitive treatmer:. Prognosis in zastric lym- 
phoma is twice as good as in gastric carci- 
noma. Subciassification of lymphoma 
showed no practical! value in this small 
series. 


orty-four patients have been 
seen and treated on the service 
of the first autor{S. O. H.) since Jan- 
uary 1950. Durmg the pericd covered 
by this study, and especially in recent 
years, patholecists have been revis- 
ing the classiccation of lymphomas. 
The second awthor (L.J.M.) has stud- 
ied the microsespic appearance of the 
tumor in 40 of -zhe 44-cases and classi- 
fied them under the latest nomencla- 
ture. (In four patients, inchiding the 
patient with plasmacytoma, slides 
were not avaiable and these cases 
were arbitramly assigned to the 
grouping that seemed to epply best 
on the basis »* the written descrip- 
tion of the tumer.) 


Findings 

Histiocytic ~mphoma in 20 cases, 
mixed lympheorytic and histiocytic 
lymphoma in ~8 cases, and lympho- 
cytic lymphoma in 5 cases have ac- 
counted for 48 of the 44 cases. There 
was a single ease of plasmacytoma 
(previously called myeloma). Seven 
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patients whose conditions were previ- 
ously diagnosed as some form of 
Hodgkin disease of the stomach (sar- 
coma type), have been classified as 
mixed lymphocytic and histiocytic 
lymphema (four cases), histiocytic 
lymphema (two cases), and lympho- 
cytic lymphoma (one case). 

There was an almost two to one 
preponderance of males over females 
in the entire group of patients (Table 
1). There is no significant difference 
in age spread in the three principal 
types. 

In Table 2 the stage of the disease 
process is correlated with the type of 
lymphoma. Although the number of 
cases is small, it is clear that all 
stages of the disease are encountered 
in each microscopic type. Pathologists 
tend to believe that in lymphocytic 
lymphoma the outlook is more favor- 
able than in other types. In a larger 
series it is possible that lymphocytic 
lymphema will be found to have a 
greater proportion of clinically favor- 


able lesions than occurs either with 
histiocytic lymphoma or mixed lym- 
phocytic and histiocytic lymphoma. 


Hospital Patient Mortality 


Hospital patient mortality is given 
in Table 3. The overall 14% rate is in 
keeping with the observation that pa- 
tients with any type of malignant 
disease of the stomach, particularly if 
it is extensive, are poor risks for any 
type of surgical procedure. In a much 
larger series of cases of carcinoma of 
the stomach reported by the first au- 
thor (8.0.H.) the overall mortality 
was 10%.' Three of the deaths in this 
series followed emergency operations 
for massive hemorrhage, including 
one death in the group of resections 
performed for cure, and two in resec- 
tions performed for palliation. One 
patient died a month after a simple 
peritoneal biopsy, another after in- 
sertion of a gastrostomy tube for pal- 
liation, and the sixth fatality fol- 
lowed a palliative resection of a 


Table 1.—Gastric Lymphoma: Type, Age, and Sex 


Type 
Lymphocytic lymphoma 


Histiocytic lymphoma 

Mixed lymphocytic and 
histiocytic lymphoma 

Plasmacytoma 

Average 

Total 


. Median Age, yr Range, yr 
60 34-69 
61 24-71 


62 47-75 
67 
61 24-75 





Table 2.—Stage of Disease and Type of Lymphoma 


All 
Cases 


Lymphocytic lymphoma 5 
Histiocytic lymphoma 
Mixed histiocytic and 

lymphocytic lymphoma 
Plasmacytoma 
Total 


Primary Extended 
Confined 
to Stomach Stomach 


No Metastasis 


Primary 
Metastasis 


Distant 


Beyond 


Regional 
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Table 3.—Procedure and 
Hospital Fatality 


Cases Deaths 
Resection for cure 16 


Palliative procedure 
including resection 


Biopsy with laparotomy 147 
Biopsy without 
laparotomy 5 0 
Total = 44 6F(14% 
* Death from disease two months follow- 
ing emergency operation for hemorrhage. 
t Includes one vagotomy and pyloroplasty 
with survival. 


t Three of the six deaths followed emer- 
gency operation for hemorrhage. 


stomach that failed to respond to ir- 
radiation therapy. In carcinoma of 
the stomach, palliative procedures 
have a higher incidence of hospital 
deaths than occurs following proce- 
dures designed to cure. The reason 
clearly relates to the adverse effect 
upon the patient, generally, when the 
disease is advanced. 


Therapeutic Approach 


The therapeutic approach to these 
patients has been the same as that 
employed in treating suspected carci- 
noma of the stomach. A laparotomy is 
performed for diagnosis and treat- 
ment unless biopsy of a distant me- 
tastasis proves that the lesion is sur- 
gically incurable. The five patients 
who did not have a laparotomy had a 
proved metastasis in a supraclavicu- 
lar node (two cases), in an axillary 
node (one case), in a rib (one case), 
and a biopsy through the gastroscope 
in one patient showed mediastinal 
metastases. 

In most of the 39 cases who came to 
laparotomy, there was no reason to 
suspect preoperatively that the lesion 
‘was a lymphoma rather than a carci- 
noma. Since in many patients the 
gross characteristics of the lesion 
were indistinguishable from carci- 
noma, and since it is inadvisable to 
precede a resection for cure in carci- 
noma of the stomach by a biopsy, it is 

- natural that 16 of the 20 favorable le- 
sions were treated by some type of 
suitable resection (Table 4). The re- 
section encompassed the primary le- 
sion and any regional metastasis or 
local extension to neighboring dis- 
pensable structures, such as the co- 
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Table 4.—Potential “Surgical” Cures: Procedure and Five-Year Survival 


Local excision 
Partial gastrectomy 
Extended gastrectomyt 


Total gastrectomy or 
esophagogastrectomy 


Biopsy and irradiation 

Biopsy, vagotomy and pyloroplasty, 
and irradiation 

Total 





All Determinate* 
Cases 


1 1 
6 4 
5 4 


Five-Year 


Cases Servivors 


* Determinate: Operation before March 1968, survived operation and did not die of other 


causes within five years of operation. 


t With resection of spleen, colon, mesocolon, pancreas, liver, and radical lymphadenec- 


tomy, singly or in any combination. 


Table 5.—Stage of Disease and Five-Year Survival 


Surgically Curable Cases 
No metastasis 
Regional metastasis 
Total 
Surgically Incurable Cases 
No metastasis 
Regional metastasis 
Distant metastasis 
Total 





All Cases Determinate* Cases 


Five-Year Survivors 


* Determinate: Operation before March 1968; survived operation and did not Ge of other 


causes within five years of operation. 


Table 6.—Type and Five-Year Survivors 


Total 
Lymphocytic lymphoma 5 
Histiocytic lymphoma 
Mixed histiocytic and 
lymphocytic lymphoma 
Plasmacytoma 
Total 


Attempts 
At Cure 


Five-Year 
Survivors 


Determinate 
Cases 


3 3 


Table 7.—Five-Year Survival in Gastric Lymphoma Compared With 
Gastric Carcinoma* 


Carcinoma, % 
(407 Cases) 


18 3s 
37 71 
43 8E 


All primary operations 
All resections for cure 
Determinate casest 


Lymphoma, % 
(36 Ceses) 





* Operations performed January 1950 to March 1968. 
t Excludes hospital fatalities and deaths within five years of other causes. 


lon, transverse colon, spleen, etc. Two 
patients in whom lymphoma was sus- 
pected had diffuse disease, which 
would have required a total gastrec- 
tomy. Open biopsy with immediate 
frozen section was the only procedure 
at laparotomy, followed by postopera- 
tive irradiation with cobalt 60. A very 
obese patient, with a high-lying dif- 
fuse lesion in the proximal stomach, 


was also treated with biopsy at lap- 
arotomy, followed by irradiation. In a 
fourth patient with a deeply pene- 
trating prepyloric ulcer, biopsy at lap- 
arotomy disclosed lymphoma on fro- 
zen section study; treatment was 
vagotomy and a pyloroplasty followed 
by irradiation. With the marked im- 
provement in endoscopic instruments 
and technique, biopsy through the 
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gastroscope permits an accurate pre- 
operative histologic diagnosis of gas- 
tric malignamer, and offers the al- 
ternative to surgical resection of 
irradiation, or “aemctherapy, or both, 
in diffuse lesas or for patients who 


are poor operative risks. 
‘Comment 


The five-yeamsurvrval following all 
of these vareus procedures was 
highly gratifvirng. It is to be noted 
that supplemen-ary postoperative ir- 
radiation was serformed in eight of 
the ten five=year survivors under- 
going a resecicn for cure, and may 


well have cont> buted to the “cure.” 


As in cases of carcinema of the stom- 
ach, five-year sarvival does not mean 
cure in all pati=nts; in one patient 
there was presumed recurrence eight 
years after operation and in another 
after nine yesr= 

The decisive influence of the extent 
of the disease ac the time treatment 
was started is sen in Tabe 5. It is 
significant that there were no five- 
year survivors among the 24 patients 
in whem the disease was deemed 
“surgically ineumable,” irrespective of 
the treatment =mploved. It is of in- 
terest that th=re appeared to be no 
involvement af -egional nodes in 16 
of the 20 patieris regarded as surgi- 
cally curable. One would expect a 
lymphoma to imvolve lymph nodes, 
but in this espect. primary lym- 
phomas of the stomach have a lower 
incidence of ræna] metastasis than 
do carcinomas of the stomach. This 
fact certainly -omtributes to the gen- 
erally better pregnosis. 

In Table 6, Ñe five-year survivors 
are related to the histologie type of 


lymphoma. The numbers are so few 


as to render such a correlaticn almost 
meaningless, lone ean say that for 
this group of petients, subzrouping 
has no significant bearing on out- 
come. 

A study coneerned with the influ- 
ence of histelogietypeupon prognosis 
in carcinoma o the stomach? showed 
that although adencearcinema ap- 
peared to exer? a somewhat more fa- 
vorable influence on outlock when 
compared with serrhous care noma or 
carcinoma simplex, other feetures of 
the growth, sues as ‘he absence or 


Arch Surg/Vol l#@ Aug 1973 


presence of metastases and their loca- 
tion, and the aggressiveness dis- 
played by the primary tumor, played 
a much more significant role than his- 
tologic type. This obviously holds true 
also for lymphoma of the stomach. It 
may be that with the advent of newer 
chemotherapeutic agents, histologic 
classification will assume a greater 
importance in determining which are 
to be used. In a larger series, as previ- 
ously noted, the lymphocytic lym- 
phoma might have a higher incidence 
of favorable lesions and five-year sur- 
vivors than the other types. 

Table 7 compares five-year survival 
of patients with carcinoma of the 
stomach and patients with lymphoma 
of the stomach, based on another 
study by the first author (S.0.H.).' It 
shows that lymphoma of the stomach 
has twice as good an outlook as carci- 
noma ef the stomach for the compa- 


rable groupings of each. 
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` Discussion 


JOHN M. BEAL, MD, Chicago: Dr. Hoerr 
asked me if I would discuss this paper be- 
cause of my interest in the subject. 

I had the opportunity to report the series 
from the New York Hospital on two occa- 
sions, a good many years ago, with Barton 
McSwain, MD, and in 1956 with Dr. Thorb- 
jarnarson. Our experience was quite sim- 
ilar to that presented by Dr. Hertzer. 

The preoperative diagnosis in the pa- 
tients with gastric lymphoma is usually 
carcinoma. This is not surprising because 
the disease mimics carcinoma in most 
ways, and also because it is a relatively un- 
common problem. Less than 5% of malig- 
nant lesions of the stomach are lym- 
phomas. Occasionally one may suspect it. 
In our experience, the age incidence of 
people with lymphoma was younger than 
with carcinoma. 

One of the interesting things Dr. Hert- 
zer’s paper brought out was related to the 
histology of the lesion. We encountered 
three patients with Hodgkin disease of the 
stomach m our series, and two of them sur- 
vived mere than five years. In each in- 
stance the disease was confined to the 
stomach. 


The thing that has interested all who 
have been concerned with lymphomas of 


the gastrointestinal tract is the apparent — 


confinement of the disease to the gastroin- 
testinal tract for a prolonged period. It 
does not appear to disseminate in the same 
fashion that lymphoma does elsewhere, al- 
though histologically it appears the same. I 
have the impression that reticulum cell le- 
sions do have a worse prognosis; at least 
this was true in our experience. 

I am not at all sure that the gastroscope 


is as helpful as one might think in this 


problem. Not long ago we had a patient 
who had a small lesion of the stomach that 
was thought to be carcinoma, and by gas- 
troscopy with biopsy it was felt to be an 
undifferentiated carcinoma. After the re- 
sected specimen was obtained it was found 


to be a lymphoma that was confined to the 


stomach. 
Survival is better in lymphoma of the 


stomach when compared to carcinoma. The — 


figures in general show five-year survival 
without evidence of disease after the oper- 
ation, somewhere in the range of 50%, 
much better than it is for carcinoma. 

I would like to ask Dr. Hoerr a question 
about the use of irradiation. I agree with 


the statements they have made, that one 


should use irradiation for patients who 
have lymphoma of the stomach, following 
resection and by all means resect—if pos- 


sible. But I really wonder whether we have | 


good evidence that postoperative irradia- 
tion is necessary. | 

Harry S. Morton, MD, Montreal: 
Nearly ten years ago Dr. Michalek and I 
reported on a clinical pathological study of 
tumors of the gastrointestinal tract over a 
period of 15 years, from five teaching hos- 
pitals in Montreal. This includes both 
French and English, so I must say it was 
rather unique. We had 369 tumors of the 
gastrointestinal tract of mesenchymal ori- 
gin, and three quarters of these were lym- 
phomas; but these were only 2% of the tu- 
mors, and so I agree with Dr. Beal that 
sarcoma is far less common than carci- 
noma. 

In the classification, we had lymphosar- 
comas divided into two types clinically, one 
fulminating, which had vague, insidious 
symptoms, loss of weight, and some pain. 
These tumors were diffuse in the stomach 
wall. The patients were mainly males, 6:1, 
and consisted of 40% of the stomach cases. 
The other group with chronic conditions 
lived five years, were approximately 50 
years of age, and were equally divided as 
to sex, They were peptic ulcer-like, with ul- 
ceration, rarely obstruction, and one quar- 
ter of them had hemorrhage. 

The treatment in most of our cases in 
Montreal was gastrectomy. Our results 
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were not quite as good as those of Dr. 
Hoerr, because only 25% were cured. We 
had eight cases of Hodgkin disease, and 
again the males predominated 10:1, so 
there was a slight sex differentiation in 
Montreal. The roentgenograms were ab- 
normal in these cases, and the results were 
only fair. 

One other remark I would like to make is 
that there is a pathological difference 
between English and French pathologists. 
The French have multistains, and they use 
all kinds of stains and bring out various 
cells and tissues, whereas the English use 
hematoxylin-eosin and neither one can 
read the other unless one is very fortunate 
in getting a bilingual and bicultural pa- 
thologist who is not color-blind. 

LESLIE WISE, MD, St. Louis: Recently we 
have also reviewed our experience at 
Washington University with primary gas- 
tric lymphomas. During the 11-year period 
between 1960 and 1971, a total of 74 cases 
of primary gastric lymphomas were 
treated. These 74 cases included 41 
lymphosarcomas, 29 reticulum cell sar- 
comas, and four cases of Hodgkin disease. 
We found that the history, physical exami- 
nation, gastric secretory studies, gastric 


_eytology, and roentgenographic findings 


were, in general, of no help in differ- 
entiating lymphomas from adenocarci- 
noma. | 
The most frequent roentgenographic 
finding in our series was a palpable tumor 
in the antrum. Although a poor prognostic 
sign, it did not mean inoperability; in fact, 


‘12% of these patients survived five years or 


longer. Our overall five-year survival rate 
was 23%. Of the 74 patients, 66 underwent 
exploratory surgery, or 89%. The remain- 
ing eight died before operation from hem- 
orrhage or perforation. Of the 66 patients 
who underwent surgery, 28 had an unre- 
sectable lesion. These patients received 
postoperative radioactive therapy. Two of 
these survived for five years or longer, and 
the mean survival for the remaining 26 
was 16 months. 

Thirty-eight patients had gastric resec- 
tions; 20 of these had positive perigastric 
nodes, and 18 did not. In those with posi- 
tive nodes, the five-year survival was 25%, 
and it is interesting to note that none of 
these survivors received radioactive ther- 
apy. In those with negative nodes, the five- 
year survival was 55%. 

Our conclusions are as follows: first, lym- 
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phomas of the stomach have a much better 
prognosis than adenocarcinoma. Second, 
we feel that a histological diagnosis is es- 
sential in all gastric tumors, „because we 
tend to perform more radical operations 
than with adenocarcinomas. Even when 
the patient is inoperable, radioactive ther- 
apy seems to offer a longer period of pallia- 
tion. 

LAWRENCE G. Hampson, MD, Montreal: I 
feel that no discussion of this problem 
should be terminated without some men- 
tion of pseudolymphoma of the stomach. 

In the early 1960s, this diagnosis became 
apparent to many pathologists, and it was 
the feeling at that time that the prognosis 
in lymphoma of the stomach was much 
better than the prognosis in carcinoma of 
the stomach, because the former group in- 
cluded cases of pseudolymphoma of the 
stomach. 

At that time our pathologist in chief, Dr. 
Matthews, reviewed 12 cases over the pre- 
vious ten years, and in six of the 12 he re- 
vised the diagnosis to pseudolymphoma. Of 
these six patients, five survived for periods 
of two to eight years. The other case was a 
postoperative death, so that, in fact, there 
was 100% survival in this group. I believe 
only one of the six patients he considered 
to have true lymphosarcoma survived five 
years. 

I would be interested to have Dr. Hoerr 
comment on whether or not this diagnosis 
is entertained by their pathologists, and 
how many cases were eliminated from the 
study because of an alteration in diagnosis 
in the years since the study was initiated. 

Dr. Hoerr: I should like to thank Presi- 
dent Beal and Drs. Morton, Wise, and 
Hampson for their comments and per- 
tinent questions. Before answering the 
questions, I want to add an historical note. 

Five years ago this Association met in 
Cleveland. Exactly five years ago to the 
day we had a “wet” clinic at the Cleveland 
Clinic, and I selected a thin patient with a 
prepyloric ulcer for biopsy, vagotomy, and 
pyloroplasty. Some of you may have seen 
that operation. I said this was one instance 
where, if the pathologist came back and 
said that on frozen section the ulcer was 
malignant, I would not believe him. I am 
old enough to know one should never make 
a statement of that sort, because of course 
the lesion proved to be a lymphoma. We 
decided against removing the lesion be- 
cause it was too hazardous and settled for 


a vagotomy and pyloroplasty followed by 
cobalt 60 irradiation. This patient becomes 
a five-year cure today. 

The discussion suggests that gastric 
lymphoma could be a very fruitful area for 
a team approach, starting with the pathol- 
ogists who, I think, should pull themselves 
together and decide upon a practical classi- 
fication of lymphoma agreeable to all. 

It is a good field for medical oncologists. 
One would suppose that a tumor thought to 
be sensitive to irradiation or sensitive to 
other drugs, would respond to such treat- 
ment. Yet the big lesions, too large for sur- 
gical removal, have failed to yield to irra- 
diation, chemotherapy, or any combination 
of therapy. 

It is also a good field for further develop- 
ment in radiation therapy, and endoscopic 
biopsy techniques. 

If a lesion has been clearly removed and 
there is no evidence of lymph node spread, 
all one can say is that postoperative irra- 
diation does not do any harm. I think ra- 
diation is not necessary postoperatively in 
such cases. We have a couple of five-year 
survivals that were not irradiated postop- 
eratively. 

Pseudolymphoma has been considered 
by our pathologists. There was only one 
patient in the group we are describing who 
might conceivably have qualified as having 
lymphocytic gastritis. The slides on this 
patient have been lost, but from the de- 
scription, our pathologists felt they would 
still classify it as a lymphoma. Other pa- 
thologists might disagree. Perhaps half of 
the people we have cured have been cured 
of something they would not have died of. 
It is one of the interesting features of this 
disease. If we had the French-English 
problem in Cleveland that Dr. Morton says 
exists in Montreal, pathologic confusion 
would be even worse than it is, because we 
have had the same pathologists change the 
classification. 

Barney Crile, MD, looked over our fig- 
ures and said, “Gosh, you took out all the 
favorable ones. They would have been 
cured by irradiation.” One can’t disprove 
that, because there is no control series. 

With accurate preoperative diagnosis 
more available as a result of endoscopic 
biopsy, I think we will be justified in giving 
a trial of irradiation on favorable lesions 
we are currently resecting. Surgery could 
always follow if irradiation failed to con- 
trol the disease. 
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Increased IgA in Women 
Free of Recurrence After 


The IgA coneentration and total lympho- 
cyte count weresneasured in 42 women with 
axillary node-metastases.at mastectomy. Re- 
currence after irradiation was significantly 
correlated (P =001) with an IgA level of 
less than 200 mg/I00 mi and lymphocyte 
count of less than 1,500/cu mm. Low IgA 


-concentrations present preoperatively are 


unaffected by therapy. Patients not irra- 
diated showed =e correlation between IgA 
concentration amc recurrence, bat irradiated 
women with a ich evel of IgA apparently 
remain tumor-free. We conclude that post- 
mastectomy irradiatien is detrimental to pa- 
tients with a low IgA concentration and may 
improve survive’ im women with a high pre- 
operative IgA jewel. 


ur postulate," that. the lympho- 
cytopenia induced by post- 
mastectomy -rraliation for carci- 
noma of the breast reflected a deficit 
in thymic-derived eellular immune 
competence, aas been confirmed.’ 
‘However, as mearly all patients re- 
ceiving such irradiation kave lym- 
phocytopenia, but not all develop re- 
currence, the siznificance of the 
lymphocytopenia and its associated 
immune deficit has been questioned.’ 
The lymphocytopenia is severe, with 
circulating lymphocytes reduced to 
nearly half of -heir preoperative 
level; if it is siznificant, radiation af- 
ter mastectonry should resul- in an in- 
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creased mortality over that of mas- 
tectomy alone. 

None of the randomized studies 
that compared survival after postop- 
erative radiotherapy with that after 
radical mastectomy alone have indi- 
cated a significant effect of radio- 
therapy on long-term survival.‘ In 
each study, the incidence of distant 
metastases was increased in irra- 
diated patients compared to that in 
patients not irradiated, especially in 
the early years after radiotherapy. 
The consistency of this trend sug- 
gests that irradiation does have a de- 
trimental effect in some patients. 

Although the depression of lympho- 
cyte count is maximal in the first two 
years after irradiation, it is as great 
in patients free of metastases as in 
those with recurrence. This, and the 
signifieant seasonal variation in lym- 
phocyte count,’ suggested that an- 
other immune mechanism compen- 
sates for the natural or induced 
modification of lymphocyte activity. 
Karly recurrence might then result 
from simultaneous deficiency of two 
or more systems, and survival or re- 
currenee after postmastectomy irra- 
diation depends upon immune activ- 
ity capable of compensating for the 
radiation-induced cellular immune 
deficiency. 

We investigated IgA concentration 
because its deficiency states are 
known to be associated with auto- 
immune diseases and malignancy.’ As 
IgA is gut-derived,’ it probably repre- 
sents a different immune system 
from that directly related to lympho- 
cyte function. Deficiency, malfunc- 
tion, or both could result in signifi- 
cant inhibition of host resistance to 
tumor eell growth, and an increased 


activity protects against the radia- 
tion effect on lymphocyte function. 


Study 


Immune globulins and lymphocyte 
counts have been measured in 88 women. 
Forty-two had metastases to one or more 
axillary nodes at operation and are in- 
cluded in this report. Eleven of the 19 
women treated by mastectomy only re- 
main free of distant disease six months to 
2'2 years after mastectomy; four presented 
with detectable dissemination of their dis- 
ease, and four have developed systemic re- 
currence 6 to 18 months after mastectomy. 


At operation, these latter had metastases ; 


in 13 to 23 axillary nodes, while those with- 
out early recurrence had one to six nodes 
involved. 

Fourteen of 23 women who received 
postmastectomy irradiation remained free 
of local or systemic recurrence 1 to 12 
years after operation, and seven, with me- 
tastases to one, one, three, nine, nine, “sey- 
eral,” and “multiple” nodes at operation, 
developed recurrence at 24, 48, 18, 16, 16, 
36, and 15 months posttherapy, respec- 
tively. 

The primary growth and axillary lymph 
nodes were removed by either a Halstead 
radical mastectomy without skin graft, or 
a modified radical mastectomy that in- 
cluded excision of the subcutaneous tissue, 
pectoral fascia, and axillary lymph nodes, 
including apical nodes but not pectoral 
nodes. Cobalt 60 was the radiation source 
in only four patients. Nineteen others re- 
ceived 4,000 to 6,000 rads from a 250-kv 
source. 

When possible, immune globulins have 
been measured preoperatively and at regu- 
lar intervals postoperatively until recur- 
rence. Immune globulins G, A, M, and D 
were determined by radioimmunodiffusion. 
Only IgA concentration correlated with re- 
currence and is reported here. 

Total peripheral lymphocyte count was 
determined by multiplying the routinely 
obtained total leukocyte count by the per- 
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Fig 1.—Immune globulin A concentration 
and lymphocyte count in 35 observations of 
19 women treated by mastectomy only. No 
correlation between IgA level, lymphocyte 
count, or their interrelationship is noted. 
Recurrence developed in those with high 
and low IgA levels. 


Fig 2.—Immune globulin A concentration 
and lymphocyte count in 33 observations of 
23 women with positive axillary nodes 
treated by mastectomy and irradiation. An 
IgA level of <200 mg/100 ml and lympho- 
cytes of <1,500/cu mm are significantly 
correlated with recurrence (P=.001). No 
patient free of recurrence two or more years 
after mastectomy had values in this range. 
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(33)* 223 +118 
(24) 242 + 123T 
287 +95 
(9) 169 + 86t 
(33) 1,320 = 412 
(24) 1,432 + 522+ 
(9) 1,019 + 4194 


centage of lymphocytes in the differential 
leukocyte count. 


Results 


The mean IgA level in milligrams 
per 100 ml and total lymphocyte count 
per cubic millimeter in patients with 
and without recurrence after mastec- 
tomy alone or after mastectomy and 
irradiation are recorded in the Table. 
Some patients have had more than 
one observation and the means are 
calculated from the total number of 
measurements. As expected from our 
earlier study,' mean lymphocyte 
count in irradiated patients, 1,820 + 
420/cu mm, was significantly lower 


Fig 3.—Change in immune globulin con- 
centrations with time. Patients not radiated 
(dotted line); radiated (solid line); patients 
with recurrence (open circle). When preoper- 
ative IgA level was 200 mg/100 ml or below, 
no change was noted. Low IgA concentra- 
tion is present before clinically detectable 
disease. 
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0.005 
0.025 


(35) 311 £109 
(25) 314 + 112. 


0.0005 
0.01 


(10) 303 + 107 
(35) 1,677 + 117 
(25) 1,579 + 691 


(10) 1,922 + 207 0.005 





* Numbers in parentheses are number of observations. 


t t=0.05. 
ł t = 0.025. 
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(t=0.01) than in those treated by 
mastectomy alone, 1,677 # 117/cu 
mm. The IgA level was also lower in 
irradiated patients, 223 + 118 mg/100 
ml, than in those not irradiated, 311 
+ 109 mg/100 ml (t=0.005). The 
lower IgA value was noted even in 
those patients without recurrence, 
242 + 123 mg/cu mm after irradia- 
tion vs 314 + 112 mg/100 ml, but not 
if the mean was calculated only from 
those patients free of recurrence two 
or more years after irradiation, 287 + 
95 mg/100 ml. Both the mean IgA 
concentration and its standard devia- 
tion in these patients is equivalent to 
that of patients treated by mastec- 
tomy alone whether or not they have 
developed recurrence. 

Figure 1 illustrates graphically the 
relationship between the lymphocyte 
count and IgA levels recorded from 35 
measurements in 19 patients not irra- 
diated after mastectomy. The mean 
lymphocyte count of those with and 
without distant disease is 1,922 + 
207/cu mm and 1,579 + 691/cu mm, 
respectively. The IgA means are 303 
+ 107 mg/100 ml, and 314 + 112/100 
ml, respectively. Examination of 
these essentially equivalent means 
and the graph indicates that in pa- 
tients treated by mastectomy only, 
recurrence is not correlated with total 
lymphocyte count or IgA level or 
their interrelationship, at least in this 
group with early recurrence. What- 
ever impairment of host resistance 
is operative in early recurrence in 
nonirradiated women, it is not de- 
tected by measurement of the lym- 
phocyte count or IgA. 

Figure 2 demonstrates the relation- 
ship between IgA and lymphocyte 
count found from 33 determinations 
of 23 patients who received post- 
mastectomy irradiation. The IgA 
level in those free of recurrence was 
242 + 123 mg/100 ml, and in those 
with recurrence 169 + 86 mg/100 ml 
(t=0.05) and their lymphocyte counts 
were 1,432 + 522/cu mm and 1,019 + 
419/cu mm, respectively (¢=0.025). 

The graph indicates the striking as- 
sociation of early recurrence with an 
IgA level of less than 200 mg/100 ml 
and a lymphocyte count below 
1,500/cu mm. The probability that a 
low IgA level and low lymphocyte 
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eount are sorrelated with recurrence 
is P=.001. 17 ony those observations 
made in patentes whe remain free of 
recurrence two er more years after 
mastectomy nd irradiation are com- 
pared with <aose-of patients with re- 
currence, tae reKtionship is signifi- 
cant at P=1O0E In this study, no 
patient free of recurrence two or 
more years 2“cer mastectomy and ra- 
diation was found to have an IgA 
level below 20@ mz/100 m! and a lym- 
phocyte eoum: belbw 1,500/cu mm. 
The change nIzA concentration in 
those patierzs who had multiple de- 
terminations & iPustrated in Fig 3. 
When above-300 mg/100 ml preopera- 
tively, the IgA teaded to fall within 
one week alter mastectomy and re- 
turn to preoperative levels about one 
year after operatoon. The IgA level 
did not go below 200 mg/100 ml in 
any patient T>lewed up whose IgA 
level was 300m7 /190 ml or above pre- 
operatively. The WA concentration 
did not change significantly over at 
least one year in any patient with a 
preoperative cA level of 200 mg/100 
ml or below. Tis suggests that, when 
low, the IgA concentration is con- 
stant with time, and that a preopera- 
tive measurement 5 an indication of 
the expected future concentration 
whether ornot the patient receives ir- 
radiation after her mastectemy. 


Cemnrrent 


This study «stermined that recur- 
rence of breas= caneer after mastec- 
tomy and irradictioa is significantly 
correlated with an IgA concentration 
below 200 mg ml and total lym- 
phocyte count af less than 1,500/cu 
mm. The IgA comzen ration is at that 
low a level in same patients before 
mastectomy, amc tae lymphocyto- 
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pen a induced by roentgen therapy, 
combined with the preexisting im- 
paired immune globulin activity, may 
permit growth of disseminated tu- 


mor In these patients, post- 
mas-ectomy irradiation is probably 
contraindicated. 

A prospective study of four pa- 
tients whose preoperative IgA level 
was ess than 200 mg/100 ml revealed 
that neither operation or roentgen 
therapy changed the IgA concentra- 
tion. The effect of irradiation on the 
IgA evel in patients with an initial 
concentration greater than 300 
mg/0 ml is unknown. Some effect 
can be expected, however. All ento- 
dermal derivatives produce or secrete 
IgA.*? As some of the lung, esoph- 
agus, and a portion of the liver are in- 
cludee in the routine postmastectomy 
irradiation fields, a temporary de- 
crease is likely. If it exceeded the 
change noted in patients not receiv- 
ing radiation (Fig 3) and shifted the 
IgA concentration into the area of 
risk, then irradiation would be ex- 
pected to harm nearly all women. It 
manifestly does not, and future stud- 
ies wil probably indicate that the 
IgA concentrations observed after ir- 
radiation are essentially the same as 
preoperatively or one week after 
masteccomy and node excision. 

Altheugh a significant correlation 
between IgA concentration, total 
lymphoeyte count, and recurrence or 
surviva after irradiation was noted, 
no correlation between recurrence 
and IgA concentration, or total lym- 
phocyte count, or their inter- 
relationship was apparent in women 
treated sy mastectomy and nodal ex- 
cision oaly. This suggests that irra- 
diation significantly alters the condi- 
tions for recurrence of breast cancer. 
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In women with low pretherapy con- 
centrations of IgA, the depression of 
lymphocyte count produced by the ra- 
diation therapy can result in a fatal 
incompetence of host tumor defense 
mechanisms. The patients who have 
high IgA concentrations after x-ray 
therapy (and presumably before 
treatment) apparently remain free of 
recurrence, but if they have not been 
irradiated, recurrence may appear. 
Unfortunately, none of the patients 
treated by mastectomy alone have 
been followed up long enough to de- 
fine this effect. If further observa- 
tions confirm the absence of early re- 
currence in irradiated women with 
high IgA concentrations and the lack 
of such protection in women not irra- 
diated, then the selection of patients 
who should receive irradiation after 
mastectomy and node excision may 
be determined objectively. 

The lack of correlation between 
IgA concentration, lymphocyte count, 
and recurrence in nonirradiated pa- 
tients, and its strong correlation in 
those given roentgen therapy, sug- 
gests that whether irradiation will 
benefit or harm a specific patient with 
metastases to axillary lymph nodes is 
a function of her pretherapy immune 
status. It suggests also that conflict- 


_Ing results in studies of immune fac- 


tors in breast cancer**"° may be the 
result of comparing irradiated and 
nonirradiated women. Of greatest 
importance is the suggestion that the 
survival probability of women with 
nodal metastases may be improved by 
withholding irradiation from some 
women with an IgA level of less than 
200 mg/100 ml and giving roentgen 
therapy to those with an IgA concen- 
tration of greater than 300 mg/100 
ml preoperatively. 
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_ Peripheral Blood Lymphocytes 


and Breast Cancer 
Effects of f Operation a and d Radiotherapy 


= plans: with carcinoma of. the ‘breast in- 


creased the number of lymphocytes in the 
- peripheral blood while radiotherapy caused a 


decrease for at least six months. The DNA 
synthesis of peripheral blood lymphocytes 


cultured with  phytohemagglutinin (PHA) 
was not significantly changed by operation 
but was increased for six months by local ra- — 


diotherapy. The results, therefore, suggest 
bt ein ae gee: “hes nag 


Mhere ha been concern that the 
stresses of operation and local 


_ radiotherapy may impair host resist- 


ae ance to cancer. This could result from 
a decrease in the number or function Ws 
-of the thymus- derived cell population ; 


of lymphocytes. Animal studies have 


shown that the stresses from a surgi- 


cal operation, chemicals, anesthetics, 
and trauma increase cancer “takes” 

It has, therefore, 
been suggested that : an operation in 
patients might enhance — cancer 


growth. There is little information 


about the effect of local calorie NEY 


= 2E <- 


5 T: 

kecepted for publication March 30, 1973. 

From the departments of surgery and thera- 
peutic radiology (Dr. McCredie), University of 
Western Ontario; and the Ontario Cancer Treat- 
ment and Research Foundation, London Clinic, 
London, Ontario (Drs. Inch and Sutherland). 

Read before the 30th annual meeting of the 
Central Surgical Association, Toronto, Feb 22, 
1973. 

Reprint requests to Ontario Cancer Treatment 
and Research Foundation, London Clinic, Radio- 
biology Section, Victoria Hospital, London N6A 
4G5, Ontario (Dr. McCredie). 


noma of the breast. 


on ivan ane local radio- 


= therapy had little effect on the number of 


thymic-dependent lymphocytes (T-cells). 


S Prognosis was not related to the lymphocyte 
-count nor to the response of lymphocytes to 
PHA before or after treatment. The T-cells, 


within the range of observed values, were, 
therefore, probably not importart in deter- 


iJ ae 


mining the emenen®: in patients with carci- 


an ia 
1 


nee 


on the immune response to cancer. 


Meyer? showed that radiotherapy, 


given  prophy! actically after operation 
to patients with carcinoma of the 


breast, produced a lymphopenia that 
persisted in many patients for a num- 
ber of years. 
- prophylactic 


We confirmed that 
postoperative radio- 
therapy caused a prolonged lympho- 
penia and also found that the thymic- 


dependent lymphocytes (T-cell) popu- 


lation of lymphocytes was increased 
for 12 months after radiotherapy.’ 
The lymphocytes were cultured with 
the strong mitogen phytohemaggluti- 
nin (PHA), which stimulates uptake 
of tritiated thymidine (*H-thymidine) 
by T-cells and has little efect on the 
short-lived bursa-dependent lympho- 
cytes (B-cells) that are mainly de- 
rived from the bone marrow.’ 

The number and function of lym- 
phocytes may be useful in predicting 
prognosis in patients with cancer. 
Riesco? found that prognosis was 
good in patients with carcinoma of 
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Fig 2.—Effect of operation and local radiotherapy or uptake of *H- 


thymidine by peripheral blood lymphocytes cultured for 72 hours 
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_ diotherapy were significantly greater in nonirradiated patients with 
_ breast carcinoma (P <.05). 
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o No Recurrence 


the breast when the lymphocyte 
count in the peripheral blood was 
high, and bad when it was low. The 
delayed hypersensitivity reactions to 
bacillus calmette-guérin, a number of 
fungal antigens, dinitrochlorobenzene 
(DNCB), and keyhole limpet he- 
mocyanin are related to cellular im- 
munity. Hilber and Morton’ found 
that a positive response to DNCB in- 
dicated a good prognosis. 

We have determined the effect of 
operation and of local radiotherapy 
given prophylactically after operation 
to patients with carcinoma of the 
breast, on the number of lymphocytes 
in the peripheral blood, and on their 
uptake of tritiated thymidine after 
culturing with PHA. The relation of 
these values to prognosis was also ex- 
amined. 


Methods 


Patients with carcinoma of the breast 
were treated by radical or modified radical 
mastectomy. Prophylactic postoperative 
radiotherapy was given two to ten weeks 
after operation, commencing in the major- 
ity at three weeks. Supervoltage radio- 
therapy, 4,500 rads in three weeks, was 
delivered to the retrosternal and supracla- 
vicular regions, using 15 mev and 10 mev. 
In addition, the chest wall was treated 
with Co, 4,000 rads, using parallel op- 
posed fields in those with stage II due to lo- 
cal spread of the tumor. Patients with lat- 
erally placed tumors and negative nodes 
after microscopic examination were not ir- 
radiated. Patients were excluded who were 
more than 70 years old, had two carci- 
nomas of the breast, had cancer elsewhere, 
had been given hormonal or chemical ther- 
apy, or who had local or distant metas- 
tases. 

Observations were made in most pa- 
tients before treatment, after operation, 
and at 6 and 12 months after radiotherapy. 
Nucleic acid synthesis was determined in 
lymphocytes obtained from 30 ml heparin- 
ized peripheral venous blood. The blood 
was centrifuged and the buffy coat in 5 ml 
of culture medium was passed through a 
column of cotton wool at 37 C. The lympho- 
cyte-rich filtrate was washed twice, using 
cold saline, and resuspended in Eagle basal 
medium containing penicillin (100 inter- 
national units), streptomycin (0.1 mg/ml), 
L-glutamine (0.29 mg/ml), and vitamins, in 
addition to 20% AB serum. Phytohemag- 
glutinin, 10ug, was added to 10° cells in 2 
ml of medium, and the culture was incu- 
bated for 72 hours at 37 C in 97% air with 
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Fig 5.—Components of immune response 
that may operate in patients with breast 
carcinoma. 


3% carbon dioxide. The DNA synthesis of 
the lymphocytes was measured by adding 
tritiated thymidine to duplicate cultures, 
one of which was not stimulated vy PHA. 
Cells were exposed to the isotope for 17 
hours. The results were expressed as 
counts per minute per 10° lymphocytes di- 
vided by the value for the normal control 
determined at the same time (normalized 
value). The mean ratio + 1 standard error 
was recorded. Statistical analysis was 
done, using the Student ¢ test and a 5% 
level of significance. 


Results 


There were 42 patients with carci- 
noma of the breast treated by radi- 
cal mastectomy and prophylaczic post- 
operative radiotherapy. Eighteen 
patients were treated by radieal mas- 
tectomy and ten patients were oper- 
ated on for benign diseases, such as 
cholecystitis, peptic ulcer, and hernia. 
The mean age of patients with carci- 
noma of the breast was 53 + 5 years 
and that of the normal healthy con- 
trols 25 + 1.5 years. The period of ob- 
servation was 6 to 36 months. 

In patients with nonmalignant dis- 
ease the lymphocyte count was in- 
creased by 9%, and in those with car- 
cinoma of the breast by 20% at seven 
days after operation (Fig 1). The in- 
creases were not significant. How- 
ever, at 21 days after radical mastec- 
tomy there was an 87% increase 
in the lymphocyte count (P<.02). 
Prophylactic postoperative radio- 
therapy in patients with carcinoma of 
the breast produced a 31% decrease in 
the number of lymphocytes for six 
months (P<.05) compared with pa- 


tients with carcinoma of the breast 
who were treated by radical mastec- 
tomy and not irradiated. The de- 
crease at 6 to 11 months was not sig- 
nificant. 

The response of peripheral blood 
lymphocytes, after culturing 72 hours 
with PHA, was increased by 24% at 
seven days after operation for benign 
disease (Fig 2). In those with carci- 
noma of the breast the increase was 
9%, with return to the preoperative 
value by three weeks. Neither of 
these values were significantly differ- 
ent from those of controls. Radio- 
therapy increased the response to 
PHA by 25% during the six months 


after treatment, compared with pa- 


tients with carcinoma of the breast 
who were not irradiated (P <.05). The 
value then returned to that before ra- 
diotherapy. 

The prognosis in patients with car-. 
cinoma of the breast was not related 
at any time to the lymphocyte count 
(Fig 3) or to the response to PHA 
(Fig 4). 


Comment 


The results showed that the oper- 
ation of radical mastectomy in pa- 
tients with carcinoma of the breast 
produced an increase in the number 
of lymphocytes in the peripheral 
blood. Prophylactic postoperative ra- 
diotherapy, however, caused a lym- 
phopenia for six months; it per- 
sisted in some patients for longer. 
The lymphopenia observed by Meyer? 
and by Stjernsward et al’ was great- 
er and more prolonged, probably the 
result of a difference in radio- 
therapeutic technique. The reason for 
persistence of the lymphopenia is not 
known. Possible explanations are that 
radiotherapy selectively destroys 
long-lived lymphocytes, damages the 
thymus, or produces humoral factors 
that depress formation of lympho- 
cytes. 

In this study the effect of radio- 
therapy on the number of lympho- 
cytes and their DNA synthesis on cul- 
ture with PHA was less than in our 
previous studies.’ This was probably 
the result of the greater use of elec- 
tron therapy rather than the y-rays of 
°°Co, Electrons have less effect on the 
bone marrow and may cause less de- 
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pression of t= lymphocytes than 
high-energy y--adiation. Also the age 
of the group wath carcinoma of the 
breast was greater than that of the 
healthy contres. The response to 
PHA decrease; with age so that dif- 
ferences based on uncorrected values 
were, therefore, greater than those 
recorded.* 

The respon= of peripheral blood 
lymphocytes cxtured with PHA was 
increased by sneration and further 
increased by radiotherapy. The T-cell 
population of ~mphocytes in the pe- 
ripheral blood s, therefore, not de- 
creased by opestion or radiotherapy. 
Our findings are not in agreement 
with those of Sjernswiard et al’ in pa- 
tients given prephylactic postopera- 
tive radiotherapy for carcinoma of 
the breast. Th=y used rosette forma- 
tion by lympracytes around sheep 
erythrocytes te determine the ratio of 
T to B cells. They found that the nor- 
mal ratio was 2:1, and this was 
changed to 4=5.2 by radiotherapy. 
The relative builogieal effect of radio- 
therapy was pz+bably greater in their 
studies because treatment resulted in 
a lymphocyte ount of 600/cu mm 
compared to 1400/cu mm in our stud- 
ies. Their resvlts, therefore, suggest 
that local radiotherapy caused a 
profound and prolonged decrease in 
T-cells. Furth=- work is needed to 
clarify the efect of dose of radio- 
therapy and tae effect of serum. The 
T-cell populatisn should be estimated, 
using several <echniques. We have 
found that loecel radiotherapy to pa- 
tients with Hocgkin disease caused a 
decrease for om- year in uptake of tri- 
tiated thymidime by lymphccytes cul- 
tured with PHa. These findings have 
recently beem corroborated (R. M. 
Sutherland, PaD, unpublished data). 
The integral dose of radiotherapy 
was about si» times greater in pa- 
tients with Hedgkin disease than in 
those with car=noma of the breast. 

The lymphoevte eount or response 
of lymphocyt= to PHA was not re- 
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lated to prognosis when measured ei- 
ther before or after treatment. This is 
contrary to the finding of Riesco’ that 
lymphocytosis before treatment was 
correlated with a good prognosis. We 
have found, previously, that the re- 
sponse of lymphocytes cultured with 
PHA is normal in patients with 
stages I and II lymphomas and is de- 
creased in those with more advanced 
disease.* In this study patients with 
“early” carcinoma of the breast had 
a normal or increased response of the 
lymphocytes when cultured with 
PHA. The T-cell population therefore 
did not appear to be important in pre- 
dicting prognosis. 

It has been postulated that the 
host may produce an immune re- 
sponse against cancer cells similar to 
that to a tissue allograft when there 
are minor differences in the histocom- 
patibility genes between the donor 
and recipient (Fig 5). The components 
may be described as afferent, central, 
and efferent. In this study only the T- 
cell component was studied. The pa- 
tients’ serum was removed by wash- 
ing theisolated lymphoctyes twice with 
isotonic saline. Serum factors were 
therefore not studied. Whittaker et 
al? have shown that patients irra- 
diated for carcinoma of the breast 
have a substance in the serum that 
depresses uptake of tritiated thymi- 
dine of lymphocytes cultured with 
PHA. They found that the response 
to PHA was normal when the pa- 
tients’ lymphocytes were incubated 
with normal serum. The presence of 
autologous serum has been shown to 
decrease the response of lymphocytes 
to PHA from patients with a variety 
of malignancies.” Also, it is now 
known that serum contains several 
different factors, which may interact 
to alter the normal immune response 
either positively or negatively." The 
effect of operation and radiotherapy 
on these is not known. Thus, although 
these results demonstrate no im- 
paired function of the T-cell (the cen- 


tral cell in the cell-mediated immune 
mechanism), the possibility still 
exists that damage to other cells or 
modifications of serum factors may 
lead to decreased resistance. 
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Discussion 


Dr. McCrepiE: I would like to stress that 
it is best to study the immune response 
directly in the patient. Unfortunately, 
there are so many difficulties that in vitro 
techniques must often be used. We have 
confined our attention to lymphocytes in 
the peripheral blood and have removed the 
patient’s serum. There is evidence, at pres- 
ent, that specific humoral factors are pres- 
ent in the blood of patients with carcinoma 
of the breast that would influence treat- 
ment. 
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Oxygenation in Femoral- 
to-Femoral Bypass 


Joseph Roshe, MD, Toledo, Ohio 


Recently, interest has been generated in 
femoral vein to femoral artery bypass with a 
membrane oxygenator for prolonged acute 
reversible pulmonary insufficiency states. 
The present study compared oxygen tension 
in the femoral (FAPo.) and brachial (BAPo.) 
arteries and right ventricle (RV) at various 
femoral-to-femoral bypass flows. 

Respiratory distress was induced by creat- 
ing bilateral pneumothorax and total lung 
collapse in 12 dogs. 

Blood gas determinations made before 
and after respiratory distress and at various 
flow rates during supportive femoral-femoral 
bypass indicated wide differences in mean 
FAPo. and BAPo.: 110 mm Hg at maximum 
bypass flows, and 151 mm Hg at minimum 
flows. In six dogs, BAPo, fell an average of 
22 mm Hg in going from maximum to min- 
imum flow rates; in six dogs BAPo, rose an 
average of 24 mm Hg; RVPo, changed very 
little. 


emoral vein to femoral artery 

bypass, utilizing a pump oxygen- 
ator, has proved useful in a variety of 
clinical states including pulmonary 
embolism,' cardiogenic shock,** and 
massive hemorrhage following car- 
diac and great vessel injury.’ Re- 
cently, considerable interest has been 
generated in the use of this modality 
with a membrane oxygenator for pro- 
longed acute reversible pulmonary 
insufficiency states.** Controversy 
exists regarding the ability of this 
technique to oxygenate blood effec- 
tively in the aortic arch and its 
branches as well as to help support 
hemodynamic function. The present 
study was designed to compare arte- 
rial oxygen tension in the femoral 
(FAPo.) and brachial (BAPo.) ar- 
teries at various femoral-to-femoral 
bypass flows in dogs with the hypoxic 
stress of bilateral pneumothorax. 
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Methods 


Acute respiratory distress was induced 
by a standard technique in 12 mongrel 
dogs with a weight range of 21 to 32 kg. 
After anesthetic induction with pento- 
barbital sodium (30 mg/kg), polyethylene 
catheters were inserted into the right BA 
and right FA; a No. 8 French NIH catheter 
was inserted into the right ventricle via 
the right femoral vein. Pressures in the 
FA, BA, and right ventricle (RV) were 
monitored via strain gauges attached to 
a multichannel recorder. The electrocar- 
diogram was constantly monitored (Fig 1, 
left). Blood gases were simultaneously 
sampled at various intervals from the FA, 
BA, and RV before and after respiratory 
distress and at various flow rates (13 to 53 
ml/kg/min) during supportive femoral- 
femoral bypass. The animals breathed 
room air via an endotracheal tube without 
any mechanical respiratory support or oxy- 
gen enrichment. After initial base line 
blood gas samples were drawn, total lung 
collapse was achieved through bilateral 3- 
inch intercostal incisions resulting in bilat- 
eral pneumothorax. Large bore twbes were 
placed to assure free communication of the 
pleural cavities with room air. Blood sam- 
ples were taken two to ten minutes (aver- 
age six minutes) after producing hypoxia. 
Left femoral vein (inferior vena cava) to 
left femoral artery bypass was started im- 
mediately thereafter, utilizing a pump and 
bubble oxygenator with 7 liters ef oxygen 
flow per minute (Fig 1, right). The system 
was primed with Ringer lactate solution. 
The animals were given heparin sodium 
intravenously, 300 units/kg, priorzo bypass 
cannulations. Blood gas samples were 
drawn ten minutes after acheving a 
steady state at maximum flow rates and at 
subsequent lower flow rates obtained by 
raising the level of the oxygenator to di- 
minish vena caval siphonage. The total by- 
pass time averaged 60 minutes. After com- 
ing off bypass, the lungs were reexpanded 
by closing the chest incisions and attach- 
ing the thoracostomy tubes to umderwater 
seal bottles and suction. : 


Results 


The Table summarizes the oxygen 
tensions obtained in the FA, BA, and 
RV in varied experimental condi- 
tions. Mean base line arterial Po, was 





97 mm Hg; RV was 49 mm Hg. Fol- 
lowing lung collapse with bilateral 
pneumothorax, arterial Po, fell to 39 
mm Hg, while RVPo, dropped to 33 
mm Hg. At maximum femoral vein to 
femoral artery bypass flows mean 
FAPo, was 175 mm Hg; BAFo.,, 65 
mm Hg; and RVPo., 33 mm Eg. At 
minimum bypass flows, FAPc., was 
210 mm Hg; BAPo., 58 mm Hg; and 
RV Po., 28 mm Hg. Following reex- 
pansion of the lungs, off bypass mean 
arterial Po, was 73 mm Hg (range 50 
to 100), and RVPo.,, 35 mm Hg trange 
25 to 51). 

Figure 2 graphically depicts Po, 
changes at varying bypass flow rates 
in one of the experiments (dog K-9). 
In six dogs BAPo, fell an average of 
22 mm Hg (range 10 to 48) in going 
from maximum to minimum flows; in 
the remaining six dogs BAPo, rose an 
average of 24 mm Hg (range 2 to 80). 
The wide Po, differences between the 
brachial and femoral samples was 
striking at all bypass flow rates. 
Mixed venous Po, (RVPo.) remained 
quite low and was seemingly unin- 
fluenced by bypass flow rates. 

The mean FAPo, minus BAPOo,, 
BAPo, minus RVPo., and FAPo, 
minus RVPo, in the various condi- 
tions of the experiment are listed in 
the Table and plotted in Fig 3. With 
total lung collapse for an average of 
six minutes, the arterial Po, minus 
RVPo, was 6 mm Hg. The FAPo, 
minus RVPo, was greatest at min- 
imum bypass flow rates (182 mm Hg). 
The BAPo, minus RVPo, changed 
very little with varying flow rates, 
while FAPo, minus BAPo, increased 
as flow rates were minimized (151 mm 
Hg). 

The hemodynamic changes ob- 
served following bilateral pneu- 
mothorax and total lung collapse 
were fairly uniform. Respirations 
rose from a base line of 12 to 16/min 
to 40 to 60/min within two minutes; 
apnea generally followed. Within two 
minutes of instituting bypass, spon- 
taneous respirations resumed and re- 
mained stable. Brachial arterial blood 
pressure rose immediately after 
pneumothorax, but then gradually 
fell to hypotensive levels in the 
ensuing minutes. Arterial pressure 
came back up to prehypoxia levels af- 
ter bypass was under way. Right ven- 
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Fig 1.—Left, Amesthetized dog, lungs expanded; catheters for 
pressure recording and blood sampling are in place. RBA signifies 
right brachial artery; RFA, right femoral artery; RFV, right femoral 
vein; IVC, inferior vena cava; LFA, left femoral artery; LFV, left fem- 


tricular pwessee sometimes rose and 
sometimes 
pneumotherax No consistent pattern 


pass illustrated. 


was noted. End-diastolic pressure 
rose consistently initially, but fell to 
near-zero levels after bypass was be- 


fel transiently after 


Fig 2.—Onyger sensions in right femoral artery (RF), right brachial artery (RB), and right 
ventricle (R7) are plotted against femoral-femoral bypass flows in dog K-9. 
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oral vein; AA, aorta; RV, right ventricle; LV, left ventricle; ART, bra- 
chial arterial pressure. Right, Bilateral pneumothorax and total lung 
collapse; femoral vein to bubble oxygenator to femoral artery by- 


gun. The ECG showed a variety of 
changes as the duration of hypoxia 
was prolonged: Initial tachycardia 
was followed by marked bradycardia. 
Ischemic changes and atrioventricu- 
lar dissociation were also seen. These 
changes reverted to normal when by- 
pass was begun. Excellent stability in 
these monitored factors was the gen- 
eral case during bypass; at extremely 
low flows (13 to 20 ml/kg/min) some 
of the animals showed bradycardia 
and arterial hypotension. All animals 
came off bypass and stabilized after 
lung reexpansion. 


Comment 


One of the unanswered questions 
about femoral vein to femoral artery 
bypass is exactly what can one expect 
the comparative oxygen tensions in 
the proximal and distal aorta to be. 
Our experimental data indicate a 
wide discrepancy between FAPo, and 
BAPo, regardless of flow rates. At 
maximum flow rates the mean differ- 
ence was 110 mm Hg; it was 151 mm 
Hg at minimum flows. This suggests 
that we might expect higher Po, 
values in the proximal aorta with in- 
creasing flow rates; this could possi- 
bly be attributed to a greater degree 
of streamlining of better oxygenated 
blood towards the aortic arch. This 
phenomenon was not consistently the 
case in our experiments. In long-term 
clinical perfusions with a membrane 
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175 
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mm Hg 
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Condition 


Maximum Femoral- 
Femoral Bypass Flows 


38 mi/kg/min (25-53) 


Open Bilateral 
Pneumothorax 


6 min (2-10) 
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Fig 3.—Comparison of mean Po, differences in varying experimental conditions. 


oxygenator, femoral vein to right ax- 
illary artery bypass would assure 
more equal Po, in all parts of 
the aorta. Unfortunately the latter 
method is technically less feasible 
than the femoral route. 

It was of interest in the present 
study that hemodynamic and ECG 
stability could be achieved with rela- 
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tively low BAPo, levels in the total 
absence of lung function. An impor- 
tant factor in this capability must be 
the reduced work of the heart 
achieved by partial bypass. Clinically, 
we see dramatic improvement in pa- 
tients with massive pulmonary embo- 
lism who are urgently placed en fem- 
oral-femoral bypass; certainky both 


210 (96-317) 


Minimum Femoral- 
Femoral Bypass Flows 


20 ml/kg/min (13-26) 


Off Bypass, Lungs 
Reexpanded 


73 (50-100) 
73 (50-100) 
35 (25-51) 


58 (27-138) 
28 (21-35) 
151 


factors are operational here: reduc- 
tion in right ventricular volume load 
and improved oxygenation of the pa- 
tient’s blood. Another possible mecha- 
nism for improved oxygenation in 
partial bypass is the slowed circula- 
tion through the right side of the 
heart and lungs which may improve 
function and oxygen pickup in the 
“normal” areas of lung that are not 
shunting. This would not be true in 
the present experiment where the 
dog’s lungs are totally collapsed and 
nonfunctioning. 
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Rena. Response in Sepsis 


Arlo S. Hermrect, MD, PhD; Richard A. Berg, MD; James R. Ruhlen, MD; 
Richard I. Mac“rthur, MD, Kansas City, Kan 


A significant diuresis was associated with 
early sepsis in eegs allowed foed and water 
at will, even thomgh water intake was below 
or near contro! levels. This occurred at a 
time of fever (329 >) and of increased fluid 
losses in the rezier of inflammation. Acute 
plasma volume expansion with dextran 75 
(Dextran 6%) in mernal saline before and af- 
ter sepsis resulted in a higher peak urine 
flow (193 ul -mirLgs in the septic state than 
under contol conditions (147!/min/kg). 
Administration f vasopressin injection dur- 
ing acute plasm=rrorume expansion resulted 
in a reduction im -he diuresis during sepsis 
(84ul/min/kg), aut sot under control condi- 
tions. Acute preeseatment of animals with 
desoxycorticosterone acetate (DOCA) was 
ineffective im dampening the diuresis of sep- 
sis (218ul/min Ake), whereas, chronic treat- 
ment (eight days’ with DOCA augmented the 
peak diuresis sean im sepsis (258ul/min/kg) 
during acute »iasma volume expansion. 
Thus, in thes laberatory model, sepsis re- 
sulted in ar early diuresis, a phenomenon 
that may be related to a disturdance in the 
antidiuretic normon system. 


ecreased peral blood dow, a re- 
duction i slomerular filtration 
rate, and olizcra are halmarks in 
poor perfusior states such as hypo- 
volemic amd cardcogenic sheck.' While 
many septic pacients with shock, car- 
diac decompensstion, and hypovo- 
lemia are also oliguric, it is not un- 
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common to observe other septic 
patients in a hyperdynamic state re- 
spond to fluid administration with a 
massive and inappropriate diuresis 
even though circulatory instability 
persists and death rapidly ensues.'? 
The basis for this inappropriate poly- 
uria in clinical sepsis has not been 
fully elucidated, nor has this phenom- 
enon been adequately documented in 
a chronic laboratory septic model. 
The present study evaluates the re- 
nal response in sepsis using a canine 
septic leg model under controlled con- 
ditions where the animals were al- 
lowed food and water at will, and un- 
der conditions of acute isotonic, iso- 
oncotic plasma volume expansion. It 
will be shown in this model that sep- 
sis is associated with an early and 
inappropriate diuresis and that this 
dysfunction in fluid volume control 
may be due to a disturbance in the 
antidiuretic hormone (ADH) system. 


Materials and Methods 


Chronic Experiments.—Mongrel bitches 
weighing 10 to 25 kg were used in these ex- 
periments. Twenty animals were placed in 
metabolic cages and allowed food and wa- 
ter at will for a three-day period while wa- 
ter intake, urine output, urine osmolality, 
and sodium concentration were measured 
daily. 

After a three-day control period, 12 ani- 
mals were anesthetized with 200 to 300 mg 
of thiopental sodium intravenously and a 
septic leg created by a previously de- 
scribed technique.’ In brief, ten 5-cm wicks 
of umbilical tape contaminated by the ani- 
mal’s own enteric flora were placed deeply 
into one hind limb with the use of a large 
cutting needle. After inducing the septic 


leg, the animals were returned to their 
cages and studied for an additional 72 
hours. 

The remaining eight animals, after the 
three days of control studies, were 
anesthetized as above and a sterile in- 
flammatory lesion induced in one hind limb 
by injecting 0.1 ml of croton oil deep subcu- 
taneously in three different regions of the 
leg. After the lesion was induced, these an- 
imals were likewise returned to their cages 
and studied for an additional 72 hours. 
Croton oil causes a sterile edematous leg 
similar to that seen with the septic lesion. 
A weight gain ranging from 500 to 750 gm 
was observed in the septic legs and in the 
croton oil treated legs three days after in- 
jury when the legs were amputated and 
weighed. 

Dextran 75 Infusion Experiments.—An ad- 
ditional 25 mongrel bitches were divided 
into five equal groups and paired studies 
carried out under the nonseptic (control) 
and the septic state. All experiments were 
performed under pentobarbital sodium an- 
esthesia (25 mg/kg body weight). After a 
12-hour fasting period, the animals were 
anesthetized, intubated, and ventilated 
with a volume respirator. A Foley catheter 
was placed in the bladder for urine collec- 
tion, and a central venous catheter was in- 
serted via the right external jugular vein 
for the infusion of fluids and for the mea- 
surement of central venous pressure 
(CVP). Base line urine osmolality and CVP 
were obtained and then acute isotonic, iso- 
oncotic plasma volume expansion was be- 
gun by infusing 6% dextran 75 in normal 
saline into the superior vena cava. The so- 
lution was infused at a rate of 35 ml/min 
and the total amount infused was equal to 
5% of body weight. Urine was collected at 
15-minute intervals for three hours and 
analyzed for sodium concentration, os- 
molality, and volume. Central venous pres- 
sure was measured every 30 minutes. Af- 
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ter the initial experiments were completed, 
a septic leg was induced in four groups of 
animals and the remaining group served 
as controls. The animals were returned to 
their cages and allowed food and water at 
will. After three days in the septic state, 
they were again anesthetized, volume ex- 
panded, and evaluated exactly as before. 

Group A animals were studied as stated 
above under control conditions and follow- 
ing the induction of the septic leg to deter- 
mine the renal response to acute plasma 
volume expansion under septic conditions. 
Group B animals (control group) were 
studied in the nonseptic state at a three- 
day interval to determine the effects of 
prior plasma volume expansion on the re- 
nal response to the second infusion of 
fluid. Group C animals were volume ex- 
panded plus treated with vasopressin in- 
jection (Pitressin) under control and septic 
states to determine the effects of ADH on 
the renal response in sepsis. The animals 
were given 1 pressure unit/kg of vasopres- 
sin injection by a constant infusion pump 
over the three-hour study period. Group D 
animals were pretreated 24 hours in ad- 
vance of the plasma volume expansion un- 
der control and septic conditions with 1 
mg/kg of desoxycorticosterone acetate 
(DOCA) intramuscularly to examine the 
effects of the mineral corticoids on the re- 
nal response to sepsis. Group E animals 
were pretreated for eight days with 1 
mg/kg of DOCA daily prior to the volume 
expansion experiments to determine the 
effects of aldosterone escape on the renal 
response to sepsis. 


Results 


Chronic Experiments.—Figure 1 
summarizes the water intake, urine 
output, and average 24-hour urine os- 
molality for 11 septic leg animals and 
eight animals with croton oil induced 
inflammatory lesions in one hind 
limb. One septic animal was discarded 
from the study because of polycystic 
disease of the kidney. The average 
water intake for the three control 
days in the 11 septic animals with an 
average weight of 17.8 kg, was 979 
ml/day and the urine output was 492 
ml/day. The first day of sepsis, intake 
decreased to 664 ml/day due to the ef- 
fects of the anesthetic, while urine 
output increased to 605 ml/day. 
Simultaneously during this period, 
edema fluid was accumulating in the 
septic leg and the animals were feb- 
rile. By the second day, intake (1,248 
ml/day) exceeded that seen in the 
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Fig 1.—Water intake and urine output in 11 animals before and after inauc- 
tion of septic leg (diagonal line columns), and in eight animals before and 
after induction of sterile imflammatory lesion in hind limb with croton oil 
(solid columns). All values are expressed as mean + SE. Numbers within the 
columns represent mean 24-hour urine osmolality, expressed in mOsm/lizer. 


control period while urine output in- 
creased to a value (894 ml/day) al- 
most double that seen under control 
conditions. Comparison of the indi- 
vidual intake: output ratios during 
the control period and days 1 and 2 of 
sepsis revealed these changes to be 
quite significant (P<.001). Similar 
but less marked changes were also 
noted on the third day of sepsis. Of 
particular interest was the marked 
decrease in urine osmolality associ- 
ated with the diuresis of sepsis from a 
control level of 1,780 mOsm/ iter to 
940, 1,090, and 1,010 mOsm/liter dur- 
ing the first, second, and third days of 
sepsis, respectively (P<.001). 

The mean weight for the eight cro- 
ton oil animals was 16.5 kg, and dur- 
ing the three control days they had an 
average intake of 794 ml/day and an 
output of 339 ml/24 hours (Fig 1). 
During the first 24-hour period fol- 
lowing induction of the croton oil leg, 
intake decreased (538 ml/day) as it 
did in the septic animals. In contrast 
to the septic animals, however, urine 
output decreased to 209 ml/day while 
the urine osmolality remained near 


control levels. On day 2, the intake 
(1,080 ml/day) exceeded that seen in 
the control state, but urine output 
(275 ml/day) still remained below 
control levels. 

Figure 2 reveals the sodium excre- 
tion in the septic and croton oil 
treated animals. Sodium excr=tion re- 
mained at control levels until day 3 in 
the septic state, when a marked so- 
dium conservation occurred {P <.01). 
In contrast, sodium excre-ion de- 
creased progressively in the aroton oil 
treated animals and was returning 
toward control levels by the third day 
following induction of the croton oil 
leg. 

Dextran Infusion Expenments.— 
Group A.—Figure 3 shows tne renal 
response to acute plasma vo ume ex- 
pansion with 6% dextran 75 im normal 
saline under control conditions and 
following sepsis. The peak ditresis oc- 
curred sooner and was greater in the 
animals under septic conditions. 
Urine osmolality was always less in 
the septic animals as was also noted 
in the chronic experiments. Sodium 
excretion was markedly depressed in 
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Fig 2.—Sodium excretion in 11 septic leg ani- 


mals and eight animals treated with croton oil. 
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Fig 3.—Pair= studies showing renal response to acute plasma volume expansion in 
five animals fom graup A, before, and 72 hours after, induction of septic hind limb. 
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the volume expanded animals 72 
hours after sepsis, which correlated 
with the third day of the chronic ex- 
periments where a marked sodium 
conservation was also noted. The so- 
dium excretion curve in these animals 
under control conditions was typical 
of the natriuretic response seen in an- 
imals volume-expanded with a sodium- 
containing fluid.‘ 

Group B.—A second volume expan- 
sion in five control animals after a 
three-day interval resulted in no sig- 
nificant difference in the renal re- 
sponse (Fig 4). The peak diuresis did 
occur sooner, however, in the animals 
during the second volume expansion 
and total sodium excreted was less 
than that observed in the group A an- 
imals under control conditions. 

Group C.—Vasopressin injection 
administration concomitantly with 
isotonic, iso-oncotic plasma volume 
expansion under nonseptic conditions 
resulted in a greater peak diuresis 
(199u]1/min/kg) than that seen with 
volume expansion only in groups A 
and B (Fig 5). Not only was the peak 
diuresis greater, but the overall di- 
uresis was more sustained. This was 
associated with a marked natriuretic 
response. In contrast, when the same 
animals were volume expanded and 
given vasopressin injection 72 hours 
after induction of the septic leg, the 
diuretic response was significantly 
curtailed. For the first time, urine os- 
molality in the septic state exceeded 
that seen in the same animals under 
control conditions following expan- 
sion. Sodium excretion remained de- 
pressed in the septic animals as was 
observed in the group A septic ani- 
mals. 

Group D.—Control animals pre- 
treated with DOCA for 24 hours had a 
peak diuresis similar to that seen 
under control conditions, but the di- 
uresis was more sustained (Fig 6). So- 
dium excretion was also more sus- 
tained and appeared to parallel the 
diuresis. The same animals under sep- 
tic conditions, however, responded af- 
ter pretreatment with DOCA with a 
greater peak diuresis (218 ml/ 
min/kg) than that observed in the 
nonseptic state. Urine osmolality be- 
came hypotonic in the septic animals 
during collection periods 3, 4, and 5. 


Renal Response in Sepsis/Hermreck et al 171 


e's. Er TaS F 
i P p 
i 
‘ 


Re Nate I 


Group E.—Five animals were 
treated for eight days with 1 mg/kg 
of DOCA before undergoing plasma 
volume expansion. Figure 7 summa- 
rizes the renal response. Urine os- 
molality and sodium excretion were 
substantially reduced in animals un- 
der control conditions following 
plasma volume expansion. The same 
animals under septic conditions re- 
sponded with a peak diuresis (258 
ml/min/kg) almost double that seen 
in the control animals. Urine os- 
molality and sodium excretion in the 
septic animals were almost identical 
to that seen in the control state. 


Comment 


Rosenberg et al? described 11 pa- 


tients with severe sepsis who ap- 
peared to have an inappropriate mas- 
sive diuresis. Attempts to curtail this 
diuresis with fluid restriction in five 
patients resulted in acute renal insuf- 
ficiency. We, too, have observed three 


septic patients, two with urinary 


tract infections, and one with severe 
ascending cholangitis, who appeared 
to have an inappropriate polyuria 
during sepsis which was not provoked 
by diuretics, massive fluid adminis- 
tration, or other drugs. Two of the pa- 
tients died, one with renal failure and 
the other with hepatic decompensa- 
tion. Although the basis for this dis- 
turbance in fluid volume control in se- 
vere sepsis is not entirely clear, the 
present studies, along with other re- 
cent observations in laboratory ani- 
mals and patients, have begun to 
shed some light on the mechanisms 
for this phenomenon. 

Homer Smith et al®° in their classic 
studies, demonstrated that man and 
laboratory animals alike, given sub- 
lethal amounts of bacterial pyrogens, 
respond with fever, tachycardia, an 
increase in cardiac output, renal hy- 


- peremia, and a diuresis, and these ob- 


servations have been confirmed by 
other investigators.’ Cooper et alë fur- 


ther evaluated the renal response to - 


exogenous bacterial pyrogens, and 
have shown that the renal hyperemia 
following sublethal pyrogen adminis- 
tration occurs in the intact dener- 
vated kidney as well as in the auto- 
transplanted kidney, suggesting that 


` this renal vascular response is medi- 
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Fig 4.—Renal response in five nonseptic animals from group B (contrels) 
which underwent acute plasma volume expansions only, at three-day intervals. 


Fig 5.—Paired studies in five animals from group C showing renal rə- 
sponse to acute plasma volume expansion during continuous infusion ef 
vasopressin injection before, and 72 hours after, induction of septic leg. 
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ated by a humoral agent. 

Previous studies in this laboratory, 
using a chronic canine septic leg 
model identical to that used in the 
present studies, confirmed that sepsis 
without shock, severe dehydration, or 

e—- Control cardiac decompensation is associated 
œ-- Septic with a 60% increase in renal blood 
| flow and a 55% reduction in renal vas- 
cular resistance.’ The mechanism for 
the renal hyperemia in this canine 
septic leg model appeared to be due to 
the liberation of a powerful vasodila- 
tor substance from the septic region 
itself. More recently, Rector et al’ 
_ have found a significant increase in 
effective renal plasma flow measured 
by the absolute extraction of p- 
aminohippuric acid by the kidney in 
patients with severe sepsis. 

That renal vasodilation will result 
in a significant diuresis has been 
amply demonstrated by Webster and 
Gilmore.” Infusions of the vasodila- 

{e tors kallidin and acetylcholine chlo- 
Time hr a ride into the renal artery of dogs re- 
sulted in a substantial increase in 
renal blood flow, diuresis, and natri- 
uresis. Earley and Daugharty™ have 

confirmed and extended these obser- 
vations by showing that a number of 
eE hemodynamic and physical factors 
i | can result in an increase in sodium 

Fig r Aaroni " acute plasma volume expansion before, and three days ies - excretion and a diuresis. Such altera- 


sepsis in five animes from group E treated eile Li with DOCA (aldosterone escape). s tions as a decrease in renal vascular 
| ; : > resistance (vasodilation), reduction of 


e Control plasma oncotic pressure, and redistri- 
Spee SARIG bution of renal blood flow from the 
_juxtamedullary to the outer cortex re- 

= gion can all result in substantial in- 

creases in sodium excretion and a 
diuresis. Spesis in man is certainly as- 
sociated, in many instances, with a 
decrease in serum albumin levels and, 
therefore, plasma oncotic pressure, 
and this could contribute to the di- 
uresis of sepsis. Renal vasodilation, so 
commonly seen in sepsis, may also 
play a major role in the diuresis of 
sepsis, but like decreases in plasma 
oncotic pressure, should be accom- 
panied by a substantial natriuretic 
response. In the present laboratory 
studies and in other reported clinical 
studies,’ the polyuria of sepsis is not 
always associated with an increase in 
sodium excretion by the kidney. This 
would suggest that other mechanisms 
might be at work to account for this 
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Fig 6.—Renal -esponse balara and after sepsis in five animals from group D. Ani- 
mals were pretreated with DOCA for 24 hours prior to acute plasma volume expansion. 
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diuresis besides renal vasodilation 
and decreased plasma oncotic pres- 
sure, which predominantly alter so- 
dium metabolism by the kidney. 

The observation that simultaneous 
administration of vasopressin injec- 
tion during acute isotonic and iso-on- 
cotic plasma volume expansion with 
dextran 75 in normal saline curtail 
the diuresis under septic conditions 
suggests that a disturbance in the 
ADH system might contribute to the 
diuresis of sepsis. The paradoxical ob- 
servations that vasopressin injection 
administration augments sodium ex- 
cretion and results in a further diure- 
sis in control animals can be readily 


explainable in view of recent find- 


ings. Martinez-Maldonado et al'* have 
shown that vasopressin injection and 
-cyclic AMP have natriuretic effects 
and are thought to inhibit proximal 
tubular sodium reabsorption. Clearly, 
in these studies the control animals in 
group C had a greater sodium excre- 
tion than seen in control animals in 
both groups A and B, which confirms 
the natriuretic effects of vasopressin 
injection under conditions of acute 
plasma volume expansion. 

Whether or not a decrease in circu- 
lating ADH actually exists in sepsis 
associated with polyuria, has not been 
tested. The observation that aqueous 
vasopressin injection in the present 
experiments was effective in increas- 
ing the urine osmolality suggests that 
receptor failure is not the problem. 
The amount of vasopressin injection 
administered in these experiments 
was not physiologic, and perhaps the 
circulatory effects of this agent could 
be responsible for the dampening ef- 
fects on the diuresis seen under con- 
ditions of acute plasma volume ex- 
pansion in sepsis.'* If this were true, 
however, one should also observe a 
similar response in the same animals 
under control conditions. In addition, 
CVP was not significantly altered in 
the five animals in group C, nor was 
mean arterial blood pressure or pulse 
rate when measured in three of the 
five animals given vasopressin injec- 
tion in group C. Doses considerably 
higher than that used in the present 
experiments have been given to seri- 
ously ill patients with upper gastroin- 
testinal hemorrhage without adverse 
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circulatory effects. Rosenberg et al,’ 
have suggested that ADH is not ef- 
fective in curtailing the polyuria of 
sepsis in humans, which is of interest 
in itself since it suggests ADE recep- 
tor failure in humans with severe sep- 
sis, or alternately a lack of ADH ef- 
fect due to a loss of the medullary 
hyperosmolar zone. 

Barger and co-workers’’:™ have 
shown that in addition to total renal 
blood flow, the distribution of blood 
flow within the kidney is a major de- 
terminant of water and sodium excre- 
tion. These workers have suggested 
that an increase in medullary blood 
flow may augment sodium reabsorp- 
tion in the loop of Henle by dimin- 
ishing medullary hypertonicity, which 
in turn decreases the back diffusion of 
sodium from the interstitial space 
into the lumen. The loss of the medul- 
lary hyperosmolar zone on a sus- 
tained basis, as might occur in sepsis, 
could result in a loss of ADH effec- 
tiveness, even though circulating lev- 
els are adequate due to the loss of the 
concentration gradient responsible 
for reabsorption of fluid from the col- 
lecting duct lumen. Solez et al" have 
recently shown that rats with micro- 
embolic induced renal disease become 
polyuric. These authors showed that a 
relative increase in juxtamedullary 
blood flow occurred under these condi- 
tions since the emboli obstructed pre- 
dominantly the arterioles of the outer 
cortex. They speculated that the in- 
creased medullary blood flow resulted 
in a “washout” of the medullary os- 
motic gradient, with resultart poly- 
uria and a reduction in maximal urine 
osmolality. 

Moore”: has stressed that acute ill- 
ness, trauma, and anesthesia nor- 
mally cause a conservation of salt and 
water, with the latter frequently in 
excess of salt. In the eight animals 
with croton oil induced inflammatory 
leg lesions, this was precisely what 
was observed. Urine output decreased 
38% while sodium excretion was re- 
duced 27% during the first 24 hours 
after induction of the croton oil le- 
sion. In contrast, in the septic ani- 
mals, urine output and sodium excre- 
tion each increased 17% during the 
first day of sepsis. By day 2 of sepsis, 
urine output was 82% greater than 


that observed under the control state 
while intake was only 37% above that 
seen in the control state. This diuresis 
was occurring at a time when these 
animals were febrile (39.9 C at day 8), 
and excess fluid losses were occurring 
in the septic leg, and this truly ap- 
pears to be an inappropriate renal re- 
sponse. Hemoconcentration was 
noted in the septic animals, as well as 
an average increase in the serum so- 
dium concentration of 7 mEq/liter. 
The former, however, has not been a 
reliable index of the state of hydra- 
tion in this septic model since signifi- 
cant hemolysis of red blood cells and 
trapping of erythrocytes in the spleen 
has been observed in previous studies. 
The fact that diuresis can occur even 
in the face of dehydration points out 
the hazard of using urine output as 
the primary guide for the state of hy- 
dration in the severely septic patient. 

Sodium reabsorption was signifi- 
cantly increased by the third day of 
sepsis in the chronic experiments, and 
this was also reflected in the sodium 
excretion curves in the septic animals 
following acute plasma volume ex- 
pansion. It is assumed that this so- 
dium conservation state is secondary 
to increased aldosterone secretion 
commonly observed in stressful 
states, although this has not been 
proven. Acute administration of 
DOCA failed to curtail further so- 
dium excretion in the group D septic 
animals, suggesting that the aug- 
mented sodium reabsorption is occur- 
ring at a site proximal to the distal 
convoluted tubule. Similarly, sodium 
excretion was not augmented after 
volume expansion in animals chroni- 
cally treated with DOCA (aldosterone 
escape phenomenon) in either the 
septic or control state. The reason for 
this is not clear at present. 

The importance of recognizing the 
inappropriate diuretic response in the 
labile septic patient is obvious, since 
unrecognized renal losses of fluid can 
precipitate severe dehydration, cir- 
culatory instability, shock, and acute 
renal failure, just as hemorrhage or 
extra renal losses of fluid. Septic pa- 
tients are particularly susceptible to 
develop acute renal failure, and hy- 
povolemia appears to be the most 
common cause of this serieus compli- 
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cation in sepsis. Acute renal insuffi- 
ciency complating peritonitis, or se- 
vere sepsis ars ng from other regions 
of the body -lmost always leads to a 
fatal course. 


This investigstion was supported by Public 
Health Servise search grant HL14362-01 and 
by a grant fromethe Kaw Valley Heart Associa- 
tion. 
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Discussion 


could account for this marked polyuria. 
In some of these people we gave an infu- 
sion of ADH at physiologic doses of about 
1 milliunit/kg/hr by infusion and mea- 
sured free water clearances. We could not 
show a change in free water clearance nor 
a significant change in the concentration 
of the urine of these patients. So, we think 
that at the usual physiologic doses ADH is 
not in deficient supply, and we think it is 
more likely a failure of the kidney to b 
able to respond to ADH. - 


Dr. HERMRECK: Thank you, Dr. Rosen- 
berg, for your comments. It was really the 
pioneering work carried out a year ago by 
the Detroit group which elucidated this 
phenomenon (polyuria of sepsis) in the 
critically ill septic patient. You are indeed 
to be congratulated on solving the logisti- 


cal problems in studying patients who are 


so sick. In addition, they have more re- 
cently shown and reported at the Surgical 
Forum that septic patients do have a 
marked increase in renal blood flow, as we 
demonstrated four years ago in this canine 
septic leg model. 

Dr. Rosenberg asked whether vasodila- 
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tation alone could account for the polyuria 
of sepsis, and I think the answer to this 
question is yes. There is one thing that is 
disturbing, however, in these animal stud- 
ies. We did not see a marked natriuretic 


response. Webster and Gilmore, and Ear- — 


ley have studied the effects of vasodilating 
agents on the kidney, and have observed a 
prompt and marked diuresis associated 
with a natriuresis. The absence of the na- 
triuresis in our studies, however, suggests 
that other mechanisms may be involved in 
this phenomenon. 

The observation by Dr. Rosenberg and 
associates that ADH was not effective in 
curtailing polyuria in clinical sepsis is also 
of considerable interest. It suggests that 
something might be wrong with the ADH 


receptors in these patients; or, alterna- 


tively, a washout of the medullary hyper- 
osmolar zone due to the renal hyperemia. 
A loss of the medullary concentration 
gradient would decrease the reabsorption 
of collecting duct fluid even in the presence 
of ADH, and this could account for the 
polyuria. 
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Metabolic and Microcirculatory Effects 


of Glucagon in Hypovolemic Shock 


William Schumer, MD; Burton Miller, MD; Ronald Lee Nichols, MD; 
Gerald O. McDonald, MD; Lloyd M. Nyhus, MD, Chicago 


Glucagon infused into Macaca rhesus 
monkeys in hypovolemic shock significantly 
improved splanchnic microcirculatory per- 
fusion, increased pH, and decreased phos- 
phate, lactate, amino acid, and fatty acid lev- 
els as compared to the controls. Further, in 
vitro rat liver perfusion studies showed that 
glucagon significantly increased lactic acid 
extraction, even after reducing oxygen pres- 
sure and perfusant flow to a minimum. 
Thus, in addition to its cardiotonic and vaso- 
dilatory effects, glucagon was shown in this 
study to improve perfusion in the splanchnic 
microcirculation and to decrease anaerobic 
metabolites. These findings support its use 
in the treatment of hypovolemic shock. 


l a apar investigations by Siegel 
and by Kock and their co-work- 
ers have shown that glucagon has a 
salutary effect on deranged hemody- 
namics in hemorrhagic shock; specifi- 
cally, it is cardiotonic and vasodila- 
tory to the splanchnic vasculature.™? 
Glucagon also induces gluconeogen- 
esis and glycogenolysis and inhibits 
lypolysis and serum phosphorus pro- 
duction, as shown by Exton and asso- 
ciates.*’ Since our previous studies 
showed that the low flow state de- 
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creases microcirculatory perfusion, 
thereby increasing anaerobic metabo- 
lism,** we postulated that glacagon 
may be beneficial in reversing these 
microcirculatory and biochemical al- 
terations. 


Methods 


Part 1.—The first part of this study was 
designed to reveal the metabolic and mi- 
crocirculatory effects of glucagon in the in- 
tact animal. Twenty adult, female, Macaca 
rhesus monkeys weighing approximately 3 
kg were fasted for 18 hours and then 
anesthetized with 25 mg/kg pentobarbital 
sodium. Number 14 polyethylene catheters 
were inserted into the femoral artery for 
bleeding and into the femoral vein for in- 
jection or infusion. After a control sample 
was drawn, the animal was bled at 100-ml 
increments every 15 minutes until 50% of 
its volume was withdrawn. One-half hour 
later the mean arterial blood pressure, cen- 
tral venous pressure, and heart rate were 
measured to ascertain that the animal was 
in hypovolemic shock (Table 1). The experi- 
mental group was infused with glucagon 
at a constant infusion rate of 18.3ug/ 
kg/min for six hours, with a limit of 20 ml 
of volume. The control group was given 20 
ml of saline, the vehicle of the glucagon in- 


fusions. Before bleeding and at 50% vol- 
ume reduction, blood samples were with- 
drawn to measure anaerobic metabolites 
as follows: lactate and pyruvate were de- 
termined with a Boehringer biochemical 
kit; free amino acid nitrogen assays were 
performed by Russell’s technique;’ free 
fatty acids were measured by the method 
of Mackenzie and co-workers;"' and inorgan- 
ic phosphate levels were determined by the 
method of Fiske and SubbaRow” ‘Table 2). 

To study the microcirculation, the omen- 
tum was mobilzed from a small lateral 
flank incision and placed on the microscope 
stage by tacking to a cork-bordered slide. 
To prevent drying of the omentum, saline- 
moistened packs were placed around the 
flank incision, and a heat-filtered low-volt- 
age bulb was used as the light source. The 
microcirculation was magnified 190 to 360 
times. Microphotographs were obtained 
before bleeding, at 50% volume reduction, 
and after glucagon infusion. 

Part 2.-The second part of the experi- 
ment was designed to show the metabolic 
effect of glucagon on an in vitro rat liver 
perfusion system, using a technique modi- 
fied after Miller and associates.” Sprague- 
Dawley rats, each weighing 400 gm, were 
fasted overnight. Each was lightly 
anesthetized with ether, and the peritoneal 
cavity was then opened. The bile duct was 
cannulated with a No. 11 polyethylene 















Factor 


Arterial pressure, 
mean 

Heart rate 

Inferior vena cava pressure 





Table 1.—Hemodynamic Factors in 
Macaca Rhesus Monkey in Hypovolemic Shock 





Control Experimental 
93 +12 45+8 
161 +15 240 = 21 


16 +6 0 
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Table 2.—Metabolic Effect of Glucagon in Hypovolemic Shock* 


0% Volume Bled 


Control 
9.80 + 1.800 


50% Volume Bled 


Experimental 
35.40 + 3.200T 


Control 
104.80 + 7.600 


Experimental 
Lactate, mg/@00- mi 4.00 + 0.700T 
Amino acids, 
mg/100 rel 
Fatty acids, 
millimol / Fter 


2.80 + 0.960T 14.80 + 2.000 6.20 + 1.200T 


_ 5.20 = 0.800 


180.00 + 32.000 106.00 + 28.000 582.00 + 62.000 210.00 + 40.0007 


4.80 + 0.7004 
7.08 = 0.002 7.28 + 0.008t 
28.00 + 4.000 34.00 + 5.000T 


3.10 + 0.800} 
7.42 + 0.008 
39.00 + 3.000 


5.10 + 0.900 
7.38 + 0.006 
44.40 + 3.000 


12.10 + 1.400 


Fel 


Table 3.—Gucagon Effect on Lactate Extraction in In Vitro Prefused Rat Liver* 


Control 


Perfusion 
Time, 


Lactate, 
M limols/100 gm | 


min Bady Weight pH 

7.480 + 0.04 
7.430 + 0.04 
7.300 + 0.06 


0 @.349 = 0.150 
15 @.240 = 0.023 
©.106 = 0.052 


Experimental 


Lactate, 
Millimols/100 gm 
Body Weight pH 
0.686 = 0.034 7.48 + 0.09 
0.642 + 0.024 7.47 + 0.07 
0.718 + 0.019 7.32 + 0.04 





+0.264 + 0.034 
—0.283 + 0.034 
—3.350 + 0.340 


* Lactate extrectien equals inflow lactate minus outflow lactate. 


catheter, and the superior mesenteric vein 
was ligated anc cannulated with a No. 35 
polyethylene catheter entering the portal 
vein. During tae remaining preparation, 
the liver was per- used with Krebs-Ringer 
bicarbonate sowtion through the portal 
vein. The liver was then gently dissected 
and placed in the perfusion system. Per- 
fusion rates were measured by occluding 
the outflow of Be perfusion chamber and 
measuring the amount of perfusant per 
minute in a gracuated pipette. The result- 
ing rates variec fom 55 to 20 ml/min. Ali- 
quots of the pe-fisant were used to mea- 
sure lactic acid Bile production indicated 
the viability of -ae liver; and microscopic 
studies, performed at one, two, and three 
hours, confirmed its architectural integ- 
rity. 

The livers were perfused with 110 ml of 
Krebs-Ringer beeerbonate solution contain- 
ing 4% (W/V) =loumin. During the infu- 
sion lactate was added to maintain a con- 
centration of 1 muilimol’liter. At zero-time, 
glucagon was added to the perfusant of 
the experimenta. livers at a dose of 10-°M. 
Lactate extraction was measured by sub- 
tracting the amount ef the outflow per- 
fusant from tha: of the inflow at the spe- 
cifie times showr -Table 3. The perfusant 
was deproteinizc withperchloric acid, and 
its lactate conseat was determined. The 
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7.210 + 0.05 
6.900 + 0.07 
6.860 + 0.05 


0.542 = 0.018 7.28 + 0.04 
0.280 + 0.075 7.28 + 0.05 
0.100 = 0.010 7.20 + 0.04 





oxygen pressure (Po,) was measured in an 
aliquot of the outflow perfusant using an 
oxygen electrode. The perfusant and Po, 
were gradually decreased by slowing the 
variable pump and decreasing oxygen to 
the oxygenator, simulating hypoperfusion 
and anoxia to the liver. 


Results 


The results of part 1 of the study 
are shown in Table 2. Over the six- 
hour investigation period, glucagon- 
treated monkeys showed a significant 
decrease in serum concentrations of 
lactate, amino acids, fatty acids, 
phosphates, and an increase in pH 
and arterial carbon dioxide pressure 
as compared to the controls. Micro- 
photographs of the omenta revealed 
a significantly increased micro- 
circulatory flow in glucagon-treated 
monkeys as compared to the controls 
(Fig 1). 

Part 2 of the study indicated that, 
under equal perfusion rates during 
the first 15 minutes, the presence of 
glucagon in the perfusant resulted in 
increased lactate extraction (Fig 2). 
As the perfusant and Po, were 


0 3+ 





decreased, the glucagon-stimulated 
liver maintained lactate extraction to 
a more significant extent than did the 
control. At low perfusion and Po,, the 
control liver produced lactate, but the 
glucagon-treated liver continued to 
extract it. This consequently pro- 
duced lower lactic acid and hydrogen 
ion concentrations in the experimen- 
tal liver perfusant (Table 3). Thus, 
part 2 showed that, in the presence of 
glucagon, increased lactate extrac- 
tion and decreased pH were not 
merely the products of increased per- 
fusion through the liver, but were in- 
deed a metabolic effect. 


Comment 


Glucagon, a pancreatic polypeptide 
produced by the alpha cells of the is- 
lets of Langerhans, has been shown 
to stimulate gluconeogenesis in the 
isolated perfused liver.® In normal an- 
imals it is able to convert lactic, ami- 
no, and fatty acids to glucose, but it 
does not affect the conversion of fruc- 
tose to glucose. This indicates that 
glucagon acts in the glycolytic path- 
way at the pyruvate to phosphoenol- 
pyruvate reaction. It has been sug- 
gested that this enhanced gluconeo- 
genesis is mediated by the activation 
of cyclic adenosine monophosphate 
(AMP). Exton and Park observed that 
exogenous cyclic AMP stimulates 
gluconeogenesis in the perfused liver, 
suggesting that this nucleotide me- 
diates the action of glucagon in liver 
gluconeogenesis. They found that cy- 
clic AMP produced changes in the cel- 
lular levels of gluconeogenic inter- 
mediates similar to those produced 
by glucagon. Furthermore, glucagon 
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Fig 1.—Left, Control. Note stream lines and capillary circulation. 
Center, 50% volume bled. Note absence of stream lines in arteri- 





oles, dilatation of venioles, and stagnant flow in capillaries. Right, 


rapidly produced increases in intra- 
cellular cyclic AMP.: Kock and associ- 
ates studied the vasodilatory effect of 
glucagon in normal dogs and found 
that blood flow was increased in the 
splanchnic vasculature.‘ In our study 
we have shown this effect in hypo- 
volemic monkeys. We have previously 
reported that in the shocked animal 
the gastrointestinal tract is a most 
prolific producer of lactic acid.” 
Therefore, as evidenced by our pres- 
ent study, glucagon has a significant 
effect in increasing splanchnic blood 
flow, thereby decreasing anaerobic 
metabolism. 

The above studies support the use 
of glucagon in low flow states based 
on its beneficial hemodynamic ef- 
fects. There is, however, an important 


- metabolic rationale as well: glucagon 


appears to stimulate the conversion 
of lactic acid, amino acids, and fatty 
acids to glucose in low flow states. 
Part 1, the in vivo experiment, indi- 
cated that glucagon decreased serum 


lactic, amino, and fatty acid levels 


and thus decreased the metabolic aci- 
dosis of anaerobiosis. It is possible 
that the hemodynamic effects of 
glucagon—cardiotonic and splanchnic 
vasodilation—decreased anaerobic 
metabolism in nonvital tissue. This 
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Glucagon effect. Note return of stream lines in arterioles with in- 
complete restoration of flow (original magnification X 300). 
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Fig 2.—Glucagon effect on lactate extraction in in vitro perfused rat liver. 


concept was further supported by the 
microcirculatory studies: glucagon in- 
creased microcirculatory perfusion in 
the shocked monkey. In part 2. the in 
vitro experiment, we found that de- 
creasing perfusant flow and Po, re- 
duced lactate extraction. Indeed, the 
liver continued to produce lactic acid 
as the Po, and perfusion were re- 
duced to a minimum. Glucagon, how- 
ever, prevented lactate production by 


the liver and induced lactate extrac- 
tion during the three hours of the ex- 
periment. By stimulating gluconeo- 
genesis from lactate, amine, and free 
fatty acids, glucagon produced a re- 
duction of the acid gluconeogenic sub- 
strates. Studies by Schréder and asso- 
ciates indicated that the liver is 
active in causing the hyperlactemia 
of low flow states either by failing to 
clear lactate from the blood or by ac- 
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tually producing lactate. The liver’s 
contribution te lactic acidosis is re- 
lated to its rete of oxygen consump- 
tion: as this ate decreases, so does 
the liver’s ab:lity to metabolize lac- 
tate. Numerais investigators have 
shown that Ever glycogen is com- 
pletely and raridly utilized, and al- 
though hyperziycemia occurs in the 
early stages e? shock, hypoglycemia 
characterizes ~he final stages.'*'° The 
organism must therefore depend on 
the gluconeogenic organs—iiver, kid- 


1. Siegel JH, et al: The effect of gluca- 
on infusion om cardiovascular function in 
_ the eritically H. Surg Gynecol Obstet 

131:505-515, 197). 

2. Kock NG, Tibblin S, Schenk WG Jr: 
Modification by glucagon of the splanchnic 
vaseular ih Day to activation of the 
Ss thicoadrenel system. J Surg Res 
11:12-17, 1971. 

3. Exton JH, Park CR: Control of gluco- 
neogenesis in the perfused liver of normal 
and adrenalectemized rats. J Biol Chem 
240:PC955-PC9&T, 1965. 

4. Exton JH, e al: Gluconeogenesis in 
the perfused liwer: The effects of fasting, 
alloxan diabetes, glucagon, epinephrine, 
adenosine eee en te and insulin. 
Am J Med 40:7#$-715, 1966. 

5. Exton JH, Park CR: Control of gluco- 
neogenesis in liver: I. General features of 
gluconeogenesis ia the perfused livers of 
rats. J Biol Chem 242:2622-2635, 1967. 

6. Exton JH, Fark CR: Control of gluco- 
neogenesis in liwer: II. Effects cf glucagon, 
catecholamines, aad adenosine 3’,5’-mono- 

hosphate on gweoneogenesis in the per- 
used rat liver. 7 Biol Chem 243:4189-4196, 


BENJAMIN F. Eusx, MD, Newark, NJ: Dr. 
Schamer’s laboratory still shows that sign 
of ultimate affluence, that is, shock experi- 
ments done in the primate. I will try not to 
let my envy affect the tenor of. my re- 
marks. . 

Past experimen:s evaluating drugs that 
cause vasodilatatien alone in shock therapy 
have at best shorn equivocal results, the 
potential improw=ment in perfusion pro- 
vided by vasodiEitation being offset by the 
accompanying draup in perfusion pressure. 
On the other hand, a drug like glucagon, 
whieh not only cases vasodilatation but at 
the same time increases cardiac output, al- 
lows perfusion pressure to be maintained 
despite the reduced resistance and affords 
a great therapeazic promise. 

The second se~ of experiments in this pa- 
per suggests thet zhere is an improvement 
in metabolism as a direct metabolic effect. 
However, there is a slight qu bble, since 
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ney, and heart—to produce glucose 
from lactic, amino, and fatty acids. 
Glucagon appears to stimulate gluco- 
neogenesis, and as shown by our liver 
perfusion studies, it can do so in the 
anoxic and poorly perfused liver. 
Most notable is the effect of gluca- 
gon on serum inorganic phosphates. 
Increases in inorganic phosphates 
have been considered to indicate de- 
creases in energy phosphorylates, 
such as adenosine triphosphate 
(ATP). Glucagon decreases serum 
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Discussion 


one has to ask what was the distribution of 
the perfusate, were cells being perfused in 
the treated liver, which were not being 
perfused in the untreated liver, despite the 
fact that the flow rates were the same? 
Certainly the significance in changes in 
lactate, pH, and other metabolic factors in 
the presence of glucagon are most impres- 
sive. 

We have had a recent opportunity to 
treat a patient in hypovolemic shock with 
glucagon, with fairly impressive results. 
This was a patient who had a period of 
bleeding following a chest procedure, who 
had reached that very unhappy state 
where the pressure on the right side of the 
heart was rising rapidly, where the heart 
had not responded to the use of isoprotere- 
nol hydrochloride (Isuprel). Glucagon was 
then given, with a prompt drop in pressure 
on the right side of the heart and ultimate 
recovery of the patient. This leads to a 
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inorganic phosphates, suggesting 
that it increases ATP production and 
hexose-phosphorylating reactions. 

Thus, we may conclude that gluca- 
gon is a pharmacologic agent, which 
is cardiotonic, vasodilatory in the 
splanchnic microvasculature, and ca- 
pable of metabolically decreasing 
anaerobic metabolites—the major 
contributor to low flow metabolic 
acidosis. 
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fairly pragmatic comment: we received 
shortly thereafter a note from the hospital 
administrator indicating that we had used 
$900 worth of glucagon on this patient, and 
what about that? 

Rosert E. Connon, MD, Milwaukee: 
This study by Dr. Schumer and his col- 
leagues has accomplished two things of 
major importance. First, the experiments 
confirm in shocked primates the he- 
modynamic effect of glucagon in decreas- 
ing splanchnic resistance and increasing 
splanchnic blood flow. Second, the experi- 
ments clearly demonstrate that glucagon 
decreases the production of lactate in 
shock by recruiting new aerobic metabolic 
pathways. This second observation is most 
exciting and represents, I believe, the be- 
ginning of important new investigative ef- 
forts by his group in the field of metabo- 
lism and shock. 

I have one question and a further com- 
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ment of caution. The question: What vol- 
ume of saline was administered to the 
monkeys during these experiments? Fifty 
percent of the blood volume of a rhesus 
monkey is of the order of 150 or 200 ml. 
Therefore, administration of just a few 
hundred milliliters of saline could effect re- 
suscitation of the shocked animals. At first 
glance, it would seem that this matter is 
well-controlled since presumably equiva- 
lent volumes were administered to control 
monkeys and to those treated with gluca- 
gon. But things are not so simple as they 
may seem. The administration of glucagon 
in the doses used in these experiments re- 
sults in a marked shift of circulating vol- 
ume to the splanchnic region at the ex- 
pense of circulation to the kidneys, brain, 
and other peripheral vascular beds. There- 
fore, the administration of even modest 
volumes of fluid together with glucagon 
might produce much greater splanchnic 
flow than would occur in controls given the 
same volume of saline but no glucagon. 
The microcirculatory effects observed in 
these experiments might then be due both 
to volume resuscitation as well as to gluca- 
gon, and if so, would imply that fluid ad- 
ministration concomitantly with glucagon 
would be needed. I’d appreciate comment 
regarding this aspect of the presentation. 

Finally, I must express reservations 
about the clinical use of glucagon at this 
time in the treatment of shock. Our own 
studies of experimental hemorrhagic pan- 
creatitis (which is a form of hypovolemic 
shock) have failed to demonstrate any ben- 
eficial effect of glucagon on the mortality 
of this disorder. Further, the studies of 
Fredlund et al (Arch Surg 105:615, 1972) 
have demonstrated that glucagon adminis- 
tration in hepatic-artery-ligated animals 
results in increased hepatic necrosis as 
compared with controls, a finding com- 
pletely contrary to the result expected in 
view of the known hemodynamic effects of 
glucagon in the splanchnic circulation. I 
believe that our understanding of the 
pharmacology of glucagon is not yet suffi- 
ciently complete to warrant its routine use 
at this time in patients in shock. 

JOHN H. SIEGEL, MD, Buffalo: I am very 
impressed with Dr. Schumer’s paper, be- 
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cause what he is trying to do is to look at 
the pharmacologic treatment of the cellu- 
lar mechanisms of shock. This study is 
very important, but it raises a lot of ques- 
tions that need to be answered by more 
thorough work. 

With regard to the use of glucagon, the 
human studies we have done would at least 
confirm the general outlines of the very 
careful and systematic study chat Dr. 
Schumer has done. 

In the evaluation of oxygen consumption 
before and after glucagon infusion in con- 
trol patients and in patients wita a wide 
range of shock conditions including sepsis, 
cirrhotic liver disease, and patients with 
hypovolemic shock, you can see on the 
average that the largest number of pa- 
tients, especially those in shock states, had 
significant increases in total oxygen con- 
sumption during the shock process, within 
about an hour of the institution of gluca- 
gon infusion. 

This increase in oxygen consumption is 
heavily dependent on the fact that the 
drug has a strong cardiac inonotropic ef- 
fect and increases cardiac output. This 
marked increase in total perfusion un- 
doubtedly affects the splanchnic blood flow 
on man as it does in experimental animals. 

Finally, it is important to demonstrate 
that one should think about drugs with re- 
gard to how they act and with special con- 
sideration as to their synergistic effect. 
The interesting thing about glucagon is 
that it directly affects and increases the 
production of high-energy phospkate com- 
pounds such as 3.5 cyclic AMP, as do the 
catecholamines. However, it has been well- 
demonstrated that these two types of 
agents act through different receptor sites, 
and it is possible to actually block one type 
of receptor without blocking the other. 

We had a patient in shock with severe 
sepsis due to intra-abdominal abseesses. In 
evaluating the cardiac index, you can see 
the patient initially becomes hyper- 
dynamic and gradually falls into a state of 
abnormal oxygen consumption (B state 
sepsis). The patient’s clinical course then 
changed into a hypodynamic shock C state 
sepsis episode from which she was resusci- 
tated, and then maintained on centinuous 


infusion of both isuprel and glueagon with 
a return of a high cardiac output. Even 
though treatment with isuprel was contin- 
ued, when the glucagon alone was discon- 
tinued there was a marked fall in cardiac 
output. This fall was due to a marked de- 
pression in myocardial contractiity which, 
when recognized, was quickly alEviated by 
reinstitution of the glucagon, with return 
of cardiac output to previous levels. 

The point here is that one car use these 
agents synergistically so that ome can use 
small, relatively nontoxic, doses of isuprel 
and of glucagon to get a combmation ef- 
fect which is of great importaace in im- 
proving the circulation. Indeed, Dr. Schu- 
mer’s work suggests the glucagon may 
have some specific effects not shared by the 
catecholamines. 

With regard to its use in humans, I can 
only say that I have personally used gluca- 
gon in more than 300 patients, esther alone 
or in combination with isoproter2nol. With 
the exception of occasional episades of hy- 
perglycemia and concomitant hyvokalemia, 
which must be evaluated and treated, I 
have not detected any specific toxic effect 
of this drug. 

I have seen no evidence tha’ glucagon 
produces arrhythmias or attribates to re- 
nal dysfunction. In fact, most of our pa- 
tients have had increased reral output 
once treatment with glucagon was started. 
The detailed myocardial studies we have 
done have shown that ‘it increases cardiac 
function and that it can be safely adminis- 
tered for prolonged periods of time. 

Dr. SCHUMER: Concerning the question 
of whether we perfused the iver com- 
pletely, the microscopic and ultramnicroscop- 
ic studies showed no changes ir the liver, 
and bile production was maintained. The 
experience of other investigators, such as 
Exton, Park, and Williamson revealed 
perfusion studies can be used as valid mod- 
els for the study of metabolic zhanges. I 
would like to emphasize the poiat that the 
controls and the experiments were done 
simultaneously. Dr. Condon, glucagon was 
combined with 20 ml of saline, so that no 
animal received more than 20 ml of saline. 
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Tissue Metabolites in 
Kindotexin and Hemorrhagic Shock 


A Compar&cn 


James M. Blac=woed, MD; 
John Hsieh; Joam Fewel; 
Benjamin F. Rasa, Jr.. MD, Newark, NJ 


Tissue levels e adenosine -riphosphate 
(ATP), lactic acd and glucose were mea- 
sured in previousiy splenectomized mongrel 
dogs subjected <9 hemorrhagic shock or to 
endotoxin shocx Is the 13 nemorrhagic 
shock dogs, mean iwer ATP dropped by 75% 
and small bowad A` P by 50%. There was 
little change inthe corresponding mean ATP 
levels in the eht endotoxin shock dogs 
(P = .01 to .02). Lac-ic-acid was higher in all 
tissues in the hemorrhagic group, signifi- 
cantly so in muscie and liver (P = .01 to .02). 
Glucose/glycogem im muscle and liver de- 
creased to compaable levels in both 
groups. These fiadings suggest that 
anaerobic metabelism in tissues is a more 
important cormpenent of hemorrhagic 
shock than it is cf endotoxin shock. 


+ perfusion of the capillary 
bed is a primary defect in hem- 
orrhagic shock. A 1aerobic metabolism 
predominates am this state of “stag- 
nant anoxia,” and laetic acid accumu- 
lates in the @Œswe and extracellular 
fluid (Schumer). @pinions vary re- 
garding the rde cf “stagnant anoxia” 
in endotoxin shock. Weil and Shubin? 
feel that endetorin shock is charac- 
terized by lew cardiac output, in- 
creased vascu=r resistance. and pool- 
ing of blood ir tne venous capacitance 
bed. Jacobson.* in commenting on Dr. 
Weil’s work, cites ewidence that vas- 
cular resistamce drops in endotoxin 
shock in the dog. Schloerd‘ reports 
higher blood lactate levels and 
greater intracei ular hydrogen ion ac- 
tivity (measured indirectly) in endo- 
toxin shock eemoared with hemor- 
rhagic shock. Zweifach® feels that 
“the progressive jeterioration of the 
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circulation during sepsis... involve[s] 
mechanisms beyond the oligemia and 
vasoconstriction, which lead to the 
low flow and stagnant hypoxia of 
hemorrhagic shock.” Lundsgaard- 
Hansen’? concludes, from studies in 
rabbits, that low flow vasoconstrictive 
shock is “the decisive factor in im- 
pairing cellular metabolism” rather 
than any direct cellular effects of en- 
dotoxin. Mela et al,’ however, have 
demonstrated direct effects of endo- 
toxin on isolated rat liver mito- 
chondria. 

In previous in vitro studies* of the 
effect of endotoxin on tissue slices, we 
have suggested that there is an early 
direct effect on peripheral tissues. 
The current experiments were de- 
signed to compare and assess the role 
of stagnant anoxia vs direct effects 
on cellular metabolism in the tissues 
of animals exposed to hemorrhagic or 
to endotoxin shock. 


Materials and Methods 


Twenty-one adult mongrel dogs sub- 
jected to splenectomy, seven or more days 
previously, were anesthetized with in- 
travenously administered pentobarbital 
sodium (30 mg/kg). An endotracheal tube 
was connected through an airtight two- 
phase respirator to a spirometer filled with 
100% oxygen. The abdomen and the chest 
were opened, the right femoral artery and 
vein were cannulated, and heparin sodium 
(2.5 mg/kg) was given intravenously. 

The animals were observed for one hour, 
and were rejected from the experiment if 
they had a hematocrit reading of less than 
30%, were unable to maintain a mean arte- 
rial pressure of 90 mm Hg under anesthe- 
sia, and had a pH less than 7.30 or an 
esophageal temperature over 40 C. 
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Table 1.—Plasma and Tissue Determinations: Analytical Methods 
and References 


Name - Method Used 
Andersch & Szczypinski'® Acid phosphatase 


Sigma Technical Bulletin No. 510 Glucose ma 
Rosenberg & Rush” Lactic acid 





In 13 of the dogs hemorrhagic shock was 
produced by draining arterial blood rapidly 
into a reservoir, and maintenance of mean 
arterial blood pressure at 30 mm Hg until 
25% of the reservoir blood returned sponta- 
neously. Then all remaining blood was rap- 
idly returned in two or three minutes. In 
eight dogs endotoxin shock was created by 
the intravenous injection of endotoxin 2 
mg/kg. 

Blood was drawn prior to shock, and at 
about 30-minute intervals throughout the 
procedure biopsies of lung, liver, small in- 
testine, and skeletal muscle were taken. 
Table 1 lists the determinations done on 
plasma and tissue, together with referen- 
ces for the analytical methods employed. 
Tissue samples were immediately frozen in 
liquid nitrogen, subsequently pulverized, 
weighed, treated with trichloroacetic acid, 
spun down, and the supernatant used for 
determination of glucose, lactic acid, and 
adenosine triphosphate (ATP). 


Results 


Table 2 shows the average blood 
pressure, oxygen consumption, and 
plasma determinations for both 
groups of dogs. 

In the hemorrhagic group, the 
blood pressure rose to about 80 mm 
Hg after the shed blood was returned. 
It then steadily decreased to about 40 
mm Hg by the end of the experiment. 
All of these dogs died. In the endo- 
toxin group, there was a transient 
anaphylactic-like drop in blood pres- 
sure (not listed in the table) immedi- 
ately after the injection of endotoxin. 
Thereafter, the blood pressure gradu- 
ally dropped to about 40 mm Hg by 
the end of the experiment. This 
model, too, was fatal for all of the 
dogs. 

In the following group compari- 







Adenosine—S'’—Triphosphate 
Creatine phosphokinase 







Lactic dehydrogenase 
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sons, the return of the shed blood in 
the hemorrhagic group is censidered 
to be equivalent in time to the injec- 
tion of endotoxin in the endotoxin 
group. Although the plasma data are 
displayed as means, and the tissue 
data as mean percent changes, calcu- 
lation of the significance ef differ- 
ences between the groups was done 
by the two sample ranks test. In this 
nonparametric test, data from each 
animal (rather than mean values) are 
used, and no assumption regarding 
Gaussian distribution of the popu- 
lation (as in the Student t test) is nec- 
essary. Other advantages of “distri- 
bution-free” or nonparametric tests 
are outlined by Mainland.’ 

Note that the plasma pH dropped 
in both groups. The pH im hemor- 
rhagic shock is consistently lower 
than in endotoxin shock (P=.01 in 
early shock; P=.03 in later shock). 
Oxygen consumption is significantly 
lower in hemorrhagic shock (P=.02) 
again, most clearly, in the early 
stages of shock. Plasma lactate in- 
creased in both groups, and is signifi- 
cantly higher (P=.01) in the hemor- 
Small Intestine rhagic group in early shock; later, 
these differences are not significant. 
In hemorrhagic shock, plasma glucose 
increased rapidly to about 450 mg/100 
ml and then decreased at a rate of 
about 100 mg/100 ml/hr for the rest 
of the experiment. In contrast, dur- 

60 30 60 120 ing endotoxin shock plasma glucose 
Post Shock, min | Post Injection, min increased at the rate of 100 mg/100 
ml/hr throughout the experiment. 


Hemorrhagic Shock Endotoxin Shock 
Muscle Muscle 


Fig 1.—Mean percent tissue ATP vs time after hemorrhage and time after endo- : 
toxin injection. The lysosomal enzymes, laetic dehy- 


drogenase (LDH), and acid phospha- 


Table 2.—Mean Determinations + 1 SD for Hemofrhagic and Endotoxin SI 





Hemorrhagic Shock 























aaa a R D, —. ...) ees» WL ee 
Determination Control Endotoxin Shock 30 min 60 min 90 min 120 min Contro! 30 min 
BP, 
mm Hg > 156+19 303 81+18 62=27 43+34 47+10 153+18 10426 
Oxygen consumption . 
ml/kg/min 6.29+0.97 3.73+0.93 4:41+1.22 4.74=1.13 3.84+1.40 4.10+0.74 6.28+85 5.97+1. 
pH 7.394+0.0467 7.093+0.056 7.031+0.126 7.066=—0.087 7.057+0.097 7.111+0.045 7.368+0.096 7.250=0.( 
Lactic acid, . , 
umole/ml 0.608+0.249 5.077+2.29 4.779+1.95 4.090+1.57 4.480+2.26 3.610+1.64 0.727=0.224 2.3721. 
Acid phosphatase, 
sigma unit/ml 0.153.051 0.170+.052 0.293+.16 0.382=27 0.382+32 0.658+.60 0.194+.14 0.248=.14 
LDH, | 
BB unit/ml 94+38 170257 28956 443—277 435+288 525+340 58=20 8122 
Glucose, . 
mg/100 ml 108+18 451+131 384+138 326-179 341+235 216+73 117+1¢ 191+56 
CPK, 
sigma unit/ml 7+6 9+6 14+7 i 838=27 44+34 59+23 723 7+5 
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Table 3.—Mean Tissue ATP + 1 SD „mole/2 Sample Test 3 


Endotoxin Shock N=8 

































Hemorrhagic Shock N=13 Sh ain Poa 
Control Endotoxin Shock 60 min 120 min Control injection 60 min 120 min 
Muscle 2585+0.77 .3.532+0.41 3.682=0.61 2.810+1.02 3.29+0.59 3.730.76:: - (3,211.07 3.78+0.20 
Liver 0774+0.33 0.268+0.14 0.309=0.159 0.234+0.17 0.366+0.17 0.261+0.10 0.206=0.11 0.303+0.07 
Lung 0.281+0.19 0.308+0.15 0.247=0.10 0.257+0.03 0.147+0.08 0.197+0.06 0.255+0.22 0.325+0.12 
Small bowel =.240+0.55 0.641+0.40 0.706=0.36 0.607+0.21 0.459+0.21 0.476+0.31 0.438+0.30 0.326+0.05 











Table 4.—Mean Tissue Lactic Acid umole/gm + 1 SD 





. Endotoxin Shock N=8 
Hemorrhagic Shock N=13 
































tase, increasec in both groups, but 
these differences were rot signifi- 
cant. The crcveplasmic enzyme, cre- 
atine phesphekinase (CPK), showed 
similar changes. 

Mean percert changes in the con- 
centration of lactic acid, glucose, and 
ATP tissues are shown in Fig 1 
threugh 5, respectively; the mean 
values for these data are in Tables 3 
through E. 








30 min Post- 
= Control Endotoxin Shock 60 min 120 min Control injection 60 min | 120 min 
Muscle 3006441.84  6.632+2.48 6.634£1.48 7.986+2.02 3.879+0.64  4.04640.51 5.232+0.73 5.714+1.47 
Liver 2139+0.66  6.230+1.80 4.961+1.63 5.725+0.51 2.639+0.52 4.459+1.32 5.76642.17 4.470+0.56 
Lung .583+0.55 3.765+1.89 5.951+3.95 5.005+1.89 2.071+0.54 2.417+1.05 4.771+1.97 3.751+1.05 
Small bowel 1 736+0.48  6.403+1.70 5.988+2.75 9.064+3.15 2.535+1.08 3.493+1.65 5.765+2.94 4.559+0.69 











Table 5.—Mean Tissue Glucose mg/100 ml + 1 SD 


Hemorrhagic Shock N=13 


30 min Post- 
Control Endotoxin 60 min 120 min Control injection 60 min 120 min 
Muscle 712+273 624+203 569+202 580+108 445+217 427+158 372125 400+52 
Liver 3415+1,541 2,824+1,408 1,948*1,055 1,578+1,579 3,465+1,012 3,142+1,254 1,962+903 647+133 
Lung 16953 286+130 327+121 364+172 259+50 29384 379+107 544+268 
Small Bewe! 166+47 _ 158434 224+127 297+81 148=20 196+40 181+80 220+207 





In hemorrhagic shock, ATP de- 
creased in each of the tissues studied 
except lung tissue, where it increased 
slightly. Tissue ATP levels in endo- 
toxin shock changed little, except in 
lung tissue where there was a moder- 
ate increase. 

The most striking difference be- 
tween the groups is seen in the liver, 
where ATP decreased by 75% in the 
hemorrhagic group but varied little in 
endotoxin shock (P=.01). A similar 
effect was noted in the small bowel, 
where a decrease of about 50% in 

















Endotoxin Shock N=8 
























(P=.02) higher in endotoxin shock 
than in hemorrhagic shock. Later, 
there are no differences between 
these groups. In the lung, glucose in- 
creases about the same in both groups 
in early shock, but later in glucose 
level in hemorrhagic shock is higher 
than that in the endotoxin group 
(P=.02). 

Muscle lactic acid is consistently 
higher in hemorrhagic shock and 
these differences persist throughout 
the experiment (P=.01). Similar dif- 
ferences are noted in the liver in the 


Endotoxin Shock hemorrhagic shock contrasted with early stages of shock (P=.02); later, 
60 min Sanit “Sui minimal changes in endotoxin shock these differences are still present, but 
(P=.03). Muscle ATP dropped more may not be as significant (P=.10). In 
77+23 61+28 51+21 in hemorrhagic shock than it did in the small bowel, the lactic acid con- 
tr ais a endotoxin shock, but the difference centration in hemorrhagic shock be- 
F in ab a = el -s Peal ee was of marginal significance (P=.1). comes significantly higher in the later 
7.200+0.137 7.12570.104 7.151+0.077 L . cn 
| ung ATP appeared to increase more stages of shock (P=.01). In lung, al- 
2.519+0.97 3.913%7.10 3.374+1.73 in endotoxin shock, but again this though the lactic acid increase in 
| was of questionable significance. hemorrhagic- shock appears greater 
2.295+.15 0.398+49 0.482+.29 Muscle glucose and liver glu- than in the endotoxin group (partic- 
cose/glycogen decreased in both ularly in early shock) when displayed 
58+58 gs a 5 EEF AER Š 
; = a groups, but there is little statistical as mean percent changes, these dif- 
238+60 304-06 348+186 evidence that there is any difference - ferences are not significant when 
| between the groups. In early shock, evaluated by the two sample ranks 
13=7 eat 34+12 
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minutes after injection of endotoxin. 


f Lactic Acid piss hay 

; ` Since it takes more than an hour to 
3 e eN Shock R Shock bring the animals in hemorrhagic 
À uscle shock to the point of blood resorption, 


the two models are always divided in 
time. Thus, it is more cogent te note 
that changes in tissue ATP, lactic 
acid, and glucose are often insignifi- 
cantly different in liver, small bowel, 
and muscle at almost any point of 
time (Table 6). If stagnant anoxia 
were an important component of en- 
dotoxin shock, one would expeet the 
development of a comparable concen- 
tration of ATP, lactate, and glucose 
in tissue at some time during the ex- 
periments. We would anticipate that 
eventually, as blood pressure drops, 
effects of falling tissue perfusion 
would be manifested by decreasing 
ATP and increasing lactate in the en- 
dotoxin group, thus minimizing the 
earlier intergroup differences. 

In the liver, for instance, glu- 
cose/glycogen stores are depleted to 
the same degree after 30 minutes of 
endotoxin shock as after 60 to 90 min- 
utes of hemorrhagic shock at a level 
of 30 mm Hg. Adenosine triphosphate 
depletion at this time is minimal at 30 
minutes of endotoxin shock and 
marked (more than 70%) in hemor- 
rhagic shock. The accumulation of lac- 
tic acid in muscle is significantly less 
in endotoxin shock at 30, 60, or 120 
minutes than at any time after 60 to 
90 minutes of hemorrhagic shock. 

The results suggest that tissue 
change occurs soon after endotoxin 
injection, which produces a rising 
level of lactic acid despite relatively 
normal or increased concentrations of 
ATP in liver, small bowel, and, per- 
haps, muscle. 


Small Intestine Small Intestine 


EE 


Shock 60 120 30 60 120 
Post Shock, min Post Injection, min 


Fig 2.—Mean percent tissue lactic acid vs time after hemorrhage and time after en- 
dotoxin injection. 





Table 6.—Tissue Metabolites: Significance of Observed Intergroup Differences * 


Conclusions 


Muscle 


Liver 
-Small 
bowel 


* End of 30 mm Hg hemorrhagic shock vs time following endotoxin injection. 
t Not significant. 


Tissue levels of ATP, lactic acid, 
and glucose were contrasted in two 
groups of dogs, one group stressed 
with hemorrhagic shock, the other 
stressed with endotoxin shock. Liver 








Comment 


In comparing hemorrhagic and en- 
dotoxin shock it is difficult to deter- 
mine which points in time represent 
equal stress in the two models. 

Documenting the blood pressure 
and oxygen changes and examining 
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the extracellular fluid changes of pH, 
lactic acid, glucose, LDH, CPK, and 
acid phosphatase, it appears that the 
dog stressed by hypovolemia to the 
point of spontaneous return ef 25% 
reservoir blood has comparable 
changes 30 and 60 minutes after 
blood return with animals 30 to 60 


and small bowel ATP were signifi- 
cantly lower in the hemorrhagic 
group. Lactic acid was higher in all 
tissues in the hemorrhagic group, sig- 
nificantly so in muscle and liver. The 
pattern of change of these three sub- 
stances in tissues in the first two 
hours of endotoxin shock suggests 
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only minimal ischemia. We conclude 
that anaerobie mətabolism is a more 
important comporent of hemorrhagic 
shock than it sof endotoxin shock. 
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Discussion 


WILLIAM ScrwageR, MD, Chicago: This 
study seems to-imd cate a metabolic differ- 
ence between srdetexic and hypovolemic 
shock. This is 2 progression of the work 


_ that Rosenberg and Rush reported at the 


Surgical Forum ia 1965. We have per- 
formed similarsm lies in rat mitochondria 
and noted no changes in septic rats for ap- 
proximately 10ete B hours after the initial 
challenge. Mea end DePalma reported 
that in vitro eacotoxin challenge affected 
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Fig 3.—Mean percent tissue glucose vs time after hemorrhage and time after endo- 


toxin injection. 


mitochondria almost immediately, but in 
intact animals the effect was delayed for 
18 hours. One wonders whether the endo- 
toxin challenge in these experiments was 
sufficiently prolonged. 

Another problem with the endotoxin 
challenge is that we give a bolus dose, 
which is not the case with real sepsis, when 
an abscess exudes endotoxin or bacteria 
over a long period of time. What would be 
the effect on these studies if the endotoxin 
were infused over a protracted period of 
time? | 

Our studies also showed a decrease in 
glucose in both endotoxie and hypovolemic 
shock, and I feel this is very significant. 
These animals could not produce sugar 
from their own substrates; that is, gluco- 
neogenesis did not occur. This certainly in- 
dicates a need for substrate infusion or, if 





you will, hypertonic glucose in our shock 
patients. 

Dr. Rusu: The question as to the injec- 
tion of a bolus (vs) the perfusion of endo- 
toxin in animals in experiments of this 
sort is very cogent. We have some unpub- 
lished data on this in our own laboratory 
and there is at least one other published re- 
port in which workers have attempted to 
differentiate the effect of an infusion and 
injection of endotoxin, and there do appear 
to be some differences; but the overall ef- 
fect does seem to be about the same as 
with the bolus injection. Certainly the cur- 
rent work would not determine that in any 
case, 

As to the question of the potentialities of 
using energy substrates in treating both 
hemorrhagic and endotoxie shock, I can 
only say “amen.” 
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Fundoplication for 


Gastroesophageal Reflux 


Indications, Surgical Technique, and Manometric Results 


F. Henry Ellis, Jr., MD, PhD; Mamigon Garabedian, MD; S. Peter Gibb, MD, Boston 


Fundoplication (Nissen operation) was 
employed in 27 patients with hypotension of 
the inferior esophageal sphincter. In 17 
there was an esophageal hiatal hernia; in six 
patients gastroesophageal reflux followed 
operative or manipulative procedures on the 
esophagogastric junction. No anatomic ab- 
normality was detected in three patients, 
and in one the sphincter had been rendered 
nonfunctional by siceroderma. Eighty-nine 
percent of the patients were improved by op- 
eration, the results being better in those 
without shortening of the esophagus or 
stricture formation or both. Only one patient 
complained of the “gas bloat’’ syndrome. 
Preoperative and postoperative esophageal 
manometry revealed statistically significant 
(P <.001) increases in amplitude (5.7 + 1.1 
to 16.3 + 2.3 mm Hg) and length (2.7 + 0.3 
to 4.8 + 0.2 cm) of the inferior esophageal 
sphincter. 


vidence is rapidly accumulating 
that successful surgical correc- 

tion of gastroesophageal reflux de- 
pends more on restoration of physi- 
ologic than anatomic normalcy. As a 
result, classic operations, such as the 
Allison repair, have fallen into dis- 
repute, and a number of new oper- 
ative procedures have been intro- 
duced. Among these is the Nissen 
fundoplication, first described in 1956 
in a report involving two patients 
with severe reflux in only one of 
whom could a small hernia be de- 
tected.’ Gastroesophageal reflux was 
corrected by wrapping the fundus of 


the stomach around the distal esoph- 
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agus. Since then, Nissen and his asso- 
ciates™’ and others** have employed 
the operation widely and the early 
clinical results have been encour- 
aging. However, surprisingly little 
objective data have been presented to 
document the physiologic effec: of the 
operation on inferior esophageal 
sphincter function. This article repre- 
sents an effort to correct this lack by 
reporting early and late manometric 
findings in patients undergoing fun- 
doplication. In addition, the indica- 
tions for the operation, the surgical 
technique, and the early clin cal re- 
sults will be described. 


Indications for Fundoplication 


The primary indication for fundoplica- 
tion is gastroesophageal reflux, the symp- 
toms of which fail to respond to proper 
medical management. This was true of 
each of the 27 patients described here, all 
of whom had the classic symptoms of se- 
vere substernal burning pain ane regur- 
gitation. Nocturnal discomfort frequently 
required an upright position for sleep. In 
addition, dysphagia to solid foods was a 
pronounced symptom in six patients. The 
presence of esophagitis was confirmed in 
all preoperatively by endoscopic visual- 
ization. An esophageal hiatal hernia was 
the commonest anatomic abnormality en- 
countered, being present in 17 patients, in 
two of whom some esophageal shertening 
and strictures were present. Hiacal her- 
niorrhaphy had been performed elsewhere 
previously in three patients with subse- 
quent anatomic recurrence. In six patients, 
gastroesophageal reflux followed previous 
operative or manipulative procedures on 
the esophagogastric junction performed 
elsewhere. These included two patients 
with esophageal achalasia, one treated by 
cardioplasty, and one by forceful dilation. 
Another had a long myotomy and hiatal 
hernia repair, but no underlying motility 
disturbance other than a_hypetensive 
sphincter could be identified at our exami- 


nation. Two patients had vagotomy and 
gastrectomy, and one had a limited esoph- 
agogastrectomy for a benign esophageal 
ulcer. No anatomic abnormality was de- 
tected in three patients, and in one the 
sphincter had been rendered nonfunctional 
by systemic scleroderma. 


Surgical Technique 


An abdominal approach is preferred and 
was used in 19 patients, fundoplication 
being performed through an upper midline 
incision extending from the xiphoid to the 
umbilicus and occasionally below (Fig 1, 
left). After thorough exploration of the 
abdomen, the triangular ligament, which 
fixes the left lobe of the liver to the 
diaphragm, is divided, and the liver is re- 
tracted to the right. Traction is applied to 
the stomach, and the peritoneum overlying 
the abdominal esophagus is incised, care 
being taken to avoid injury te the vagus 
nerves. The distal esophagus is thoroughly 
freed, and the diaphragmatic attachments 
are divided to permit mobilization of a 
generous intra-abdominal segment of this 
organ, which is then encircled with a Pen- 
rose drain to facilitate the performance of 
the fundoplication. 

The gastrohepatic ligament is divided 
down to the level of origin of the left gas- 
tric artery, and in addition, a few short 
gastric vessels may require division to pro- 
vide ample gastric fundus for the remain- 
der of the procedure (Fig 1, right). Separa- 
tion of the attachment of the upper part of 
the stomach to the posterior abdominal pa- 
rietes considerably simplifies the subse- 
quent maneuvers. This may occasionally 
require an opening into the lesser sac be- 
tween stomach and colon to permit division 
of the area of adherence between the up- 
per part of the stomach and posterier ab- 
dominal wall. The esophageal hiatus, which 
is usually widened when a hital hernia is 
present, is narrowed by approximating the 
right gastric crus posterior to the esoph- 
agus with two or three heavy, nonabsorb- 
able sutures loosely tied so that a snug 
hiatus, a fingerbreadth in width, results 
(Fig 1, right). 
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Fig 1.—Left, Site o` incision and surgical exposure for fundoplication. Right, Reduction of 
hernia, mcbdilization of fundus, and suture approximation of diaphragmatic crura. 


In order to avoid -00 much narrowing of 
the distal esachagus, a large gastric tube 
(34 F) is passed by the anesthesiologist 
transorally imto the stomach. The gastric 
fundus is thes easity displaced by the sur- 
geon’s right tand posteriorly and to the 
right of the Ustal 2sophagus, which is re- 
tracted dowrward by the encircling Pen- 
rose drain (Fis 2,A9. Heavy nonabsorbable 
sutures are sed te approximate the adja- 
eent marwins of the encircling gastric fun- 
dus. The sutares are placed no deeper than 
the seromusenular layer and include a small 
bit of the emteriar muscular wall of the 
esophagus +e as to encircle the distal 
esophagus smugly Pig 2, B). Three or four 
additional stitches are similarly placed, 
each mere «caphaad than the preceding 
one, care bang taxen all the while to avoid 
exeessive temsion on the suture line when 
the ligacure are ied. Fine interrupted su- 
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tures are then placed between the remain- 
der of the upper portion of the enveloping 
stomach and the esophageal wall in order 
to maintain the position of the encircling 
gastric fundus (Fig 2, C). If necessary, a 
few small interrupted sutures may be 
placed between the heavy sutures that ini- 
tiated the fundoplication. After complet- 
ing the procedure, the gastric tube is re- 
moved, the liver returned to its bed, and 
the abdomen closed securely with through- 
and-through, figure-of-eight steel wire su- 
tures through fascia and peritoneum. 

A thoracic approach was used in eight 
patients and is preferred under certain cir- 


_ cumstances. These include patients with 


coexisting intrathoracic disease or those in 
whom a previous intrathoracic procedure 
may have immobilized the distal esoph- 
agus, complicating its mobilization from 
below. When gastroesophayeal reflux has 


M Spleen 






Fig 2.—Technique of fundoplication. A, 
Mobilized fundus is displaced behind the 
esophagus by surgeon's right hand. B, 
Placement of sutures to encircle distal 
esophagus with generous portion of fundus. 
Note large caliber (34 F) indwelling naso- 
gastric tube. C, Completed procedure. Fix- 


ation is assured by additional circum- 
ferential sutures between upper cuff of 
fundus and wall of esophagus. 


been present for prolonged periods, there 
may be some fibrous shortening of the 
esophagus making permanent reduction of 
the esophagogastric junction to an intra- 
abdominal position a doubtful achieve- 
ment. In such instances, a thoracic ap- 
proach is indicated, for it may be neces- 
sary to leave the distal esophagus wrapped 
with gastric fundus in an intrathoracic po- 
sition if it cannot be reduced below the dia- 
phragm. A thoracotomy on the left through 
the bed of the nonresected eighth rib pro- 
vides access to the lower part of the thorax 
and the upper part of the abdomen as well 


Fig 3.—Thoracic approach. Left, Semilunar incision in diaphragm; center, exposure of up- 
per abdomen through incision; right, appearance of completed fundoplication through tho- 


racic incision. 
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Fig 4.—Esophagus and stomach in patient with sliding esoph- 
ageal hiatal hernia treated by hernial reduction and fundoplication. 


by employing a technique previously de- 
scribed.” A semilunar incision is made in 
the diaphragm close to its costal border 
(Fig 3, left), and excellent exposure of the 
upper part of the abdomen can be achieved 
through it as illustrated (Fig 3, center). If, 


-after mobilization, the esophagogastric 


junction can be reduced mto the abdomen, 
the fundoplication can be performed as al- 
ready described and left subdiaphragmati- 
eally (Fig 3, right). If the esophagus is 
truly shortened, the stomach can be deliv- 
ered into the chest, where the fundoplica- 
tion can easily be accomplished and al- 
lowed to remain in an_ intrathoracic 
position. The opening in the diaphragm is 
then closed with interrupted heavy silk su- 
tures. This approach maintains diaphrag- 
matic innervation and provides superb ex- 
posure of the upper part of the abdomen 
and lower part of the thorax simultane- 
ously. 


Techniques of Evaluation 


Clinical results were evaluated either by 
direct examination or by letter. Roentgen- 
oscopy of the esophagus, which included 
maneuvers designed to produce gastro- 
esophageal reflux, were carried out whenever 
the patients returned for reexamination. 
The major emphasis was placed on esoph- 
ageal manometry, which was performed 
by techniques previously described in de- 
tail." 

Briefly, three polyethylene catheters 
were used to transmit intraluminal pres- 
sures to three external pressure trans- 
ducers. Side openings 1.5 mm in size at 5- 
cm intervals permitted simultaneous 
recording of pressures at three separate 
points. Pressure changes were recorded 
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graphically on a direct-writing multichan- 
nel recorder. Catheters filled with water 
were infused at a constant rate through 
the side arm of a three-way stopcock with 
the use of an infusion pump at a flow rate of 
0.416 ml per minute in all but three pa- 
tients. (Three patients were studied at the 
Mayo Clinic. The recording catheters in 
these three patients were not infused, and 
the distal catheter had a balloon-ccovered 
transducer at its tip.) A pneumograph was 
placed around the patient’s waist to moni- 
tor respirations. The catheter assembly 
was swallowed and withdrawn at 0.5-cm 
intervals to record resting pressures. The 
deglutitory response was studied after the 
assembly had been reintroduced and again 
withdrawn at 0.5-cm intervals. Lower 
esophageal sphincteric pressure was deter- 
mined in reference to gastric pressure 
recorded in the fundus, which was arbi- 
trarily considered as zero; maximal end 
inspiratory and end expiratory pressures 
were averaged to obtain a mean maximal 
sphincteric pressure. 

In addition to the resting and degluti- 
tory pressure studies, the adaptive re- 
sponse of the lower esophageal sphincter 
to increased abdominal pressure was de- 
termined in some of these patients. Intra- 
gastric pressure was increased by manual 
compression of the anterior abdominal 
wall and in some also by straight leg rais- 
ing maneuvers. A positive response was 
one in which sphincteric pressures re- 
sponded to a rise in intragastric pressures 
by a one-to-one response or greater with- 
out transmission of the increased pres- 
sures to the intrathoracic esophagus. A 
negative response was one in which intra- 
gastric pressure increases were trans- 
mitted directly into the esophagus. 








Left, Preoperative appearance; center, two months after operation; 
right, six menths after operation. 


Results 


Clinical Evaluation.—Although 
inadequate time has elapsed to per- 
mit any definitive statement regard- 
ing clinical results, the short-term 
effects of the operation require com- 
ment. Concern regarding the fre- 
quency of the gas bloat syndrome has 
led Woodward and associates’ to 
abandon the operation in uncompli- 
cated cases, so we carefully ques- 
tioned all patients in the present 
study on this matter. Only one experi- 
enced difficulty in evacuatmg air 
from the stomach, and follow-up m- 
formation was available on all pa- 
tients either by personal correspon- 
dence or direct examination. The 
follow-up period ranged from 3 to 55 
months, with an average of 18 
months. 

The overall clinical result was eval- 
uated not just in terms of the relief of 
gastroesophageal reflux but as it re- 
flected the overall condition of the pa- 
tient at the time of reexamination. 
An excellent result implies the ab- 
sence of symptoms. A good result re- 
flects only minimal symptoms occur- 
ring intermittently, while patients 
are categorized as having fair results 
if symptoms persist but are less se- 
vere than those that existed preoper- 
atively. 

With these criteria as a basis for 
evaluation, the results are as tabu- 
lated in Table 1. Patients were di- 


Fundoplication/Ellis et al 


Preoperative 


Abdominal 
te ae 
Compression 


8&8 mo Postoperative 





Fig 5.—Le#t, Preoperative and postoperative manometry in pa- 
tient with siding 2sophageal hatal hernia treated by fundoplica- 
tion. Top, Pseoperative record. Note that abdominal compression 
causes no rise im sphincteric pressure and increase in gastric pres- 
sure is transmited ‘o esophagus. Bottom, Findings eight months 


Fig 6.—Anaplitiee of inferior ssophageal sphincter pressures be- 
fore and after fu-woplication. Normal range and mean from 14 con- 
trols without demenstradle esophageal disease. 
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after operation. Mean maximal sphincteric pressures rose from 15 
to 35 cm H,O. Downward pointing arrows indicate 1-cm withdrawals 
of the recording catheter. Right, Lower part of esophagus and upper 
part of stomach. 


Fig 7.—Length of inferior esophageal sphincteric pressures before 
and after fundoplication. 
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Fig 8.—Manometric data obtained during abdominal compression 
before and after fundoplication for a hypotensive inferior esoph- 
ageal sphincter. Left, Preoperative test showing minimal sphincteric 
response to rise in intragastric pressure and free transmission of 
pressure into esophagus. Right, Fourteen days after operation ab- 
dominal compression elicits proper sphincteric response which pro- 
tects esophagus from transmission of increase in intragastric pres- 


sure. 


vided into two groups, for less good 
results were encountered in patients 
with complications. The five patients 
in the complicated group all had ei- 
ther strictures or shortening of the 
esophagus or both preoperatively. 
Four have continued to require occa- 
sional dilatations though symptoms 
of reflux have been eliminated. One 
of these, a patient with scleroderma, 
was classified as having a poor result. 
One of the two patients with fair re- 
sults had fundoplication to relieve 
reflux following esophagogastrecto- 
my elsewhere for an esophageal ulcer, 
and periodically has distention of the 
intrathoracic stomach because of ina- 
bility to belch coupled with some ob- 
struction at the diaphragm. The other 
had a short esophagus with stricture. 
The two patients with good results 
had esophageal achalasia. 

The 22 patients classified as un- 
complicated had severe reflux with or 
without a hernia but no complicating 
features, and two had poor results. 
One experienced persistent reflux, 
and manometric studies disclosed a 
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Table 1.—Clinical Results 
of Fundoplication 





Uncompli- Compli- 








Result cated cated 
Excellent 16 
Good 3+91% 23 
Fair + 80% 
Poor 1 


Table 2.—Effect of Fundoplication 
on Inferior Esophageal Sphincter 





Amplitude, Length, 
mm Hg cm 

mA mam 
Mean SE Mean SE 
BERL FA E03 












Preoperative 
Early post- 

operative 15.5 + 1.5* 4.9 +0.3* 
Late post- 


operative 16.3 + 2.3* 4.8 = 0.2* 





* P <.001 compared to preoperative val- 
ue. 


persistently hypotensive inferior 
sphincter reflecting an ineomplete 
procedure. The other poor result was 
in a patient who was asymptomatic 
for a year and a half before a recur- 


18 mo Postoperative 





Fig 9.—Preoperative and postoperative manometry in patient with 
a hypotemsive sphincter without sliding esophageal hiatal hernia 
treated be fundoplication. Top, Preoperative record; middle, record 
made three weeks after operation; bottom, record made 18 months 
after operation. Note persistent increase in amplitude and length of 
inferior esophageal sphincter after operation. Downward pointing 
arrows indicate 1-cm withdrawals of recording catheter. S indicates 


rence of gastroesophageal reflux de- 
veloped. Though spincteric pressures 
were high normal, reoperation dis- 
closed that all but one of the fundopli- 
cation sutures had disrupted. This pa- 
tient has been well since reoperation. 
Those with good or fair results re- 
ceived this designation because of 
symptoms of occasional epigastric 
fullness or dysphagia. One patient re- 
quired two dilations after leaving the 
hospital. In three other patients, now 
classified as having excellent results, 
moderate dysphagia developed be- 
tween the fifth and eighth postopera- 
tive day but cleared spontaneously. 
Thus, all but two of the 27 patients 
(93%) were relieved of gastroesopha- 
geal reflux. 

Roentgenographic Studies.—Postop- 
erative roentgenoscopy of the esoph- 
agus was performed at the time the 
clinical results were evaluated in 20 
patients. Gastroesophageal reflux 
could not be induced in any instance 
nor was a hernial recurrence identi- 
fied, though the esophagogastric junc- 
tion remained in the thorax in one pa- 
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tient with a shortened esophagus and 
another who kad previously had an 
esophagogastrectamy. The appear- 
ance of the postfundoplicaczion, bar- 
ium-filled esophagus and stomach is 
unusual and hes been described in de- 
tail by Cohen. * It is characterized by 
the presence o` a gastric filling defect 
through the middle of which flows a 
thin column o` barium, representing 
the portion of esqphagus wrapped in 
gastric fundus. The appearance re- 
sembles a gastric neoplasm in some 
respects. Early after operation, there 
may be moderate distal esophageal 
obstruction whica rapidly resolves, 
presumably as postoperative edema 
regresses (Fig 4) The most marked 
postoperative elevation in sphinc- 
terie pressure was accompanied by 
roentgenographic evidence of ex- 
treme narrow ng of the barium-filled 
esophageal chanmel by the surround- 
ing air-filled fandius in a patient with- 
out dysphagia (F g 5, right). 
Manometric Fimdings.—-Tae mano- 
metric results are based on a total of 
62 tests, separated into three definite 
time intervals those done & month or 
less before »peration, those done 
within a monch after operation usu- 
ally before dismissal from the hospi- 
tal, and those dome between 3 and 24 
months (14 menths average) after op- 
eration. Obvibusy not all patients 
had tests persermed at each time in- 
terval, so the statistical analysis is 
not based on »aired data. When more 
than ene late stady was performed, 
the most reeent data were used and 
earlier data vere not considered. 
Table 2 summarizes the data pre- 
sented graphically in Fig 6 and 7. 
These indicat= a statistically signifi- 
cant increase in both the amplitude 
and length of the inferior esophageal 
sphincter both early and late after 
operation as compared to preopera- 
tive values. The amplitude of pressure 
dropped sign ficently between early 
and late postcperative studies in only 
three of the 14 patients studied, none 
of whom had a -ecurrence of symp- 
toms. It rose significantly in six and 
remained approximately the same in 
the other five. Of the three patients 
whose late stadies revealed a subnor- 
mal pressure, one exhibited this phe- 
nomenon, both early (5 cm) and late 
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(4 cm) after fundoplication, and had 
persistent symptoms of gastroesoph- 
ageal reflux. The other two were re- 
lieved of their symptoms despite hav- 
ing slightly suboptimal pressures. 

Preoperative and postoperative 
records obtained from the patient 
with the highest postoperative 
sphincteric pressures are shown in 
Fig 5 (left). A negative abdominal 
compression test is illustrated in the 
preoperative motility record of this 
patient. An example of the transfor- 
mation by fundoplication of a nega- 
tive to a positive abdominal compres- 
sion test is shown in Fig 8. Of 14 
patients in whom this test could be 
analyzed postoperatively, 12 had posi- 
tive test results. Of the two in which 
the test result was negative, both pa- 
tients had symptoms of reflux. 

The long-term effects on the ampli- 
tude and length of the inferior esoph- 
ageal sphincter are illustrated in Fig 
9. Mean maximal pressures were 
doubled by operation and remained at 
this high level when remeasured 18 
months later. — 


Comment 


Emphasis on objective data that 
can be measured and statistically an- 
alyzed is essential in evaluation of the 
results of operations whose purpose is 
to alter inferior esophageal sphinc- 
teric function. While clinical results 
are important, they rest on subjective 
factors difficult to analyze and make 
up the bulk of the written reports on 
the effectiveness of hiatal hernia re- 
pair. There are relatively few reports 
that include data on preoperative and 
postoperative manometric studies, 
and most concern operations other 
than the Nissen fundoplication. 

Lind and associates" reported their 
findings in 16 patients undergoing a 
modified Belsey operation. After cor- 
rection of their data to an intragas- 
tric pressure of 0, an approximate 
doubling of sphincteric pressure was 
recorded after operation (9.8 em H,O 
to 20.1 em H.O). A normal abdominal 
compression test was also recorded 
postoperatively. Skinner and Booth” 
noted a 5.8 mm Hg increase in 
sphincteric pressure in 14 patients af- 
ter either a Belsey procedure or a Nis- 
sen fundoplication. 
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A careful comparison of preopera- 
tive and postoperative manometry in 
29 patients having posterior gastro- 
pexy (Hill operation) was reported by 
Csendes and Larrain. Resting infe- 
rior esophageal sphincteric pressures 
rose from 3.5 to 12.5 mm Hg early af- 
ter operation and remained elevated 
in the few patients studied again 16 
months after operation. The findings 
were statistically significant. On the 
other hand, Hill,” discussing this pa- 
per in an editorial, was unable to find 
a statistically significant postopera- 
tive difference in sphincteric pres- 
sures among his own patients as com- 
pared to preoperative values. 

There are only three reports con- 
cerned only with data obtained from 
patients undergoing fundoplication. 
Moran and associates’ studied seven 
such patients and reported a postop- 
erative increase in sphincteric pres- 
sure from 10 mm Hg to 15 mm Hg. 
Stiicker’® noted an approximate 100% 
increase in sphincteric pressures in 37 
fundoplication patients, which re- 
stored the amplitude of the high pres- 
sure zone to levels recorded in normal 
individuals without reflux. Affolter 
and Rossetti” reported an improve- 
ment in sphincteric function after 
fundoplication as evidenced by in- 
creased amplitudes of sphincteric re- 
laxation and contraction. 

In general, each of the “sphinc- 
ter-enhancing” operations has been 
accompanied by a demonstrable in- 
crease in sphincteric pressure after 
operation. Our findings, previously re- 
ported in a preliminary fashion”! and 
presented here in more detail, are 
in substantial agreement with those 
published. However, in addition to a 
marked increase in inferior esoph- 
ageal sphincteric pressure, the oper- 
ation also produced a marked length- 
ening of the high pressure zone, a 
dimension not analyzed in other stud- 
ies. Both of these effects of the oper- 
ation persisted in the late follow-up 
studies. 

There was, furthermore, a close cor- 
relation between the level of pressure 
at the high pressure zone and the 
presence or absence of symptoms of 
reflux. Only two patients with symp- 
toms of reflux preoperatively demon- 
strated sphincteric pressures higher 
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than the mean level of the controls. 
Postoperatively, the lowest pressure 
was recorded in a patient with per- 
sistent reflux. Two others with 
sphincterie pressures slightly below 
normal were relieved of their reflux 
by operation. An even closer correla- 
tion was noted between the results of 
the abdominal compression test and 
the presence or absence of symptoms 
of reflux. The only two patients who 
had a negative test after operation 
had proved gastroesophageal reflux. 
The mechanism by which the oper- 
ation raises sphincteric pressures and 
provides competence at the esoph- 


agogastric junction remains to be 


clarified. Nor is it definitely known 
how long a segment of esophagus 
need be wrapped with gastric fundus 
in order to achieve the desired effect. 
The only patient in the series in 
whom recurrent reflux developed was 
found at reoperation to have but one 
fundoplication stitch intact, suggest- 
ing that, at least in this patient, a 
longer segment of gastric-wrapped 
esophagus was necessary for compe- 
tence. On the other hand, the pos- 
terior gastropexy procedure (Hill 
operation) as performed by current 
techniques” includes a_ relatively 
short segment of lower esophagus in 
its plicating stitches and yet raises 
sphineteric pressures and provides 
competence. The matter needs fur- 
ther experimental elucidation al- 
though the work of Bombeck and as- 
sociates”’ on dogs suggests that of all 
the sphincter-enhancing procedures 
the Nissen fundoplication is most suc- 
cessful in preventing reflux. 

The clinical results show that the 
gas bloat syndrome is rare, if the 
fundoplication is performed loosely 
around an esophagus containing a 
large caliber indwelling tube. They 
also provide some clues as to the 
proper indications for the operation. 
Results were less good in the presence 
of esophageal shortening or stricture 
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or both. Perhaps the terminal esoph- 
agus when involved by significant fi- 


brosis cannot be properly compressed ` 


by the enveloping gastric fundus. In 
such cases, operations such as the fun- 
dic patch procedure combined with 
fundoplication, as advocated by Thom- 
as and associates," or a modification 
of the Collis operation, as proposed by 
Pearson and associates,” may have a 
place. Finally, the results suggest 
that normal peristalsis may be re- 
quired to overcome the mild obstruc- 


tion imposed by fundoplication. Post- 


operative dysphagia impaired the 
ultimate result somewhat in two pa- 
tients with esophageal achalasia and 
one with scleroderma. 


Lauran Harris, MD, granted permission to re- 
port data obtained in his laboratory en four of 
these patients. Jerry Schlegel studied three of 
the patients in Dr. Code’s laboratory at the Mayo 
Clinic. Elton Watkins, Jr., MD, helpec with the 
statistical analysis of the data. 
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The functioning œ “he G.E tract 3s so 
- complex it's a wæm®ær that it works 
as well as it does. 

Just plain g=owams old can cause 
functional coast pation. The body 
chemistry slows dawn, activity is Cur- 
tailed and with it =f comes a natural 
slowing of intest ra ‘unction. 

Metamucil Gm elp correct func- 
tional censtipetie: and help bring 
back a feeling ef wall-being. A nat- 
ural vegetable porder that is in- 
stantly miscible iz rater, milk, fruit 
juice or other su®=ble liquid, Meta- 
mucil mixes esi with the bcwel 
contents. Its vwaterretaining praper- 
ties provide a smor- pliant bulk that 
encourages gent@ peristalsis and 


The gastrointestinal raetia| am 
30 feet cf potential trouble in each patient. 
Metamucil provides benefits all along th 


elimination. Unlike many other laxa- 
tives, it is nonirritating to the diges- 
tive tract. 

From ingestion to elimination 
Metamucil provides the soft, sooth- 
ing bulk that helps keep the digestive 
tract free of minor troubles. It pro- 
vides benefits all along the way. 
DIRECTIONS FOR MIXING: 
Metamucil® powder 
brand of psyllium hydrophilic mucilloid 
Supplied in 7-ounce and 14-ounce 
containers 
1. Add one rounded teaspoonful of 
Metamucil powder to an ordinary 
water glass of cool water, milk, fruit 
juice or other liquid. 

2. Stir briskly until thoroughly mixed. 







3. Drink immediately. An additional 
glass of water is helpful. 

Each dose furnishes a negligible 
amount of sodium and about 14 
calories. 

Instant Mix Metamucil® 

Supplied in cartons of 16 and 30 
single-dose packets 

1. Pour contents of one packet into a 
water glass and fill slowly with cool 
water. 

2. Drink immediately. An additional 
glass of liquid is helpful. 

Each dose furnishes about 0.25 Gm. 
of sodium and about 3 calories. 
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Hiatal Hernia With Esophagitis 


A Simplified Transabdominal Surgical Treatment 
Earl C. Sifers, MD! Lawrence L. Tretbar, MD, Kansas City, Kan 


One hundred-sixty patients were treated 
surgically witm a valvuloplasty tech- 
nique for gastroesephageal reflux and 
esophagitis. All but nine patients had a slid- 
ing hiatal hernia. Im ro case was the hernia 
repaired. 

The surgical approach, a reefing of the 
_ Sling muscles pius vagotomy, was designed 
to restore competerce to the antireflux 
mechanisms of the gastroesophageal area. 

Ninety-two percert of the patients remain 
symptom-free, while 8% are occasionally 
symptomatic. 

The high incicenee of associated foregut 
diseases suggests an =mbryologic factor in 
the developmen" of gastroesophageal reflux. 


his paper pzesents the results 
of a group oF patients treated 
surgically fer reflux esophagitis, 
using a valveloplasty techique com- 
bined with trancal vagotomy and py- 
loroplasty. Mest of the patients also 
had a sliding niaza. hernia. However, 
the hernia was sonsidered as unre- 
lated to the esopaagitis and was not 
repaired. 

This form cf treatment was 
adopted for two ər mary reasons: (1) 
the fact that mecaanical closure of 
the dilated esophageal hiatus and 
permanent reductmn of the hernia 
often fails to comt-ol abnormal gas- 
troesophageal reffu=,' and (2) the sup- 
position that the cilated esophageal 
hiatus has ne efest on the compe- 
tency of the antirefux mechanisms of 
the gastroesophageal junction. It was 
further postulate 1 that when abnor- 
_ mal gastroesonhageal reflux does oc- 
cur, it is caused by an intrinsic failure 
of one or more-ef -he antireflux mech- 
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anisms. These mechanisms probably 
include the lower esophageal sphinc- 
ter, the mucosal valves at the esoph- 
ageal orifice, the angle of entrance of 
the esophagus into the stomach, and 
the collar sling musculature of the 
cardia.” 

Having assumed this surgical phi- 
losophy, the point at issue with these 
patients was the control of esoph- 
agitis. We reasoned that a valvulo- 
plasty technique might prove more 
successful in restoring competence 
and preventing abnormal gastroesoph- 
ageal reflux than attention directed 
to an associated hiatal hernia.’ 

Figure 1 illustrates this concept of 
gastroesophageal reflux and its treat- 
ment. Normal reflux may become ab- 
normal if the antireflux mechanisms 
become incompetent. If medical 
treatment proves unsuccessful, symp- 
toms may become intractable; gross 
esophagitis may occur and progress to 
more severe complications. Surgical 
intervention may then help restore 
competency to the antireflux mecha- 
nisms. 

A transabdominal approach was 
used, thus permitting correction of 
coexistent pathological conditions 
such as gallstones and peptic ulcer. 
The surgical technique that was de- 
veloped was actually a reefing proce- 
dure, reducing by folding and fasten- 
ing, the sling fibers of Willis around 
the esophagogastric junction (Fig 2). 
Truncal vagotomy was performed be- 
cause it allowed the esophagus to de- 
scend 3 to 4 cm into the abdominal 
cavity. This maneuver placed the gas- 
troesophageal junction well within 
the positive-pressure domain of the 
abdomen, a factor considered to im- 
prove function of the lower esoph- 
ageal sphincter. Vagotomy also pro- 
vided improved exposure of the 
operative site. The reduction in gas- 
tric acid secretion, effected by vagot- 


omy, was thought to be beneficial. In 
no instance was the defect in the dia- 
phragmatic hiatus repaired. 


Selection of Patients 


Over a seven-year period, 160 pa- 
tients have been treated surgically 
for reflux esophagitis by the authors. 
Surgical intervention was indicated 
when reflux esophagitis was no 
longer amenable to continued medical 
treatment. 

Radiologic examination was carried 
out in each of the 160 patients. Gas- 
troesophageal reflux with esophagitis 
was found in 20 patients. Of these, 
nine had severe complications, either 
bleeding, stricture, or ulceration. Ab- 
normal gastroesophageal reflux was 
present in 24 patients. One hundred 
and fifty-one of the 160 patients had 
a demonstrable hiatal hernia. Those 
without a hernia had confirmed gas- 
troesophageal reflux or esophagitis. 

Esophagoscopy was carried out in 
67 patients and included motility 
studies in 21 of them. Esophagitis 
was seen in 60 patients and free re- 
flux in another 3. 

The diagnosis of abnormal reflux 
was made clinically in 53 patients. 
This group of people failed to demon- 
strate objective evidence of reflux or 
esophagitis, either by roentgenogram 
or by esophagoscopy. However, they 
were considered as medical failures in 
the treatment of typical and per- 
sistent symptoms of gastroesopha- 
geal reflux. Characteristically, these 
symptoms were described as retro- 
sternal burning, epigastric pain, and 
fluid regurgitating into the pharynx 
following meals and during the hours 
of sleep. Many patients complained of 
sour fluid erupting into the mouth 
with bending over or straining. Al- 
though each of these patients had a 
hiatal hernia, it was not considered as 


objective evidence of disease, nor was 
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Fig 1.—Abnormal gastroesophageal reflux and role of medical 
and surgical treatment. 


Fig 2.—Sutures in sling fibers of Willis, innermost muscular layer 


of gastric wall. 


Abnormal 
Reflux 


Loss of 
Function 


+— Evaluation 


Fig 3.—Gastrohepatic ligament, containing left gastric 


vessels is divided at level of gastroesophageal junc- 
tion. Posterior wall of gastric fundus is thereby exposed. 


it an indication for surgery. 

Care was taken to differentiate be- 
tween the symptoms of reflux and 
those of other foregut diseases. 

The esophageal studies were per- 
formed by a team of gastroenter- 
ologists who saw the patients in con- 
sultation and helped select those for 
surgical treatment. Symptoms of py- 
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rosis and persistent regurgitation 
were vigorously treated by a medical 
regimen consisting of a bland diet, 
sedatives, antacids, and elevation of 
the head of the bed on 6-incà blocks 
during sleeping periods. Anticho- 
linergic drugs were not used. Failure 
of this regimen was an indication for 
surgery. The severe complications of 





Fig 4.—Sutures placed in anterior and 
posterior walls so that small collar of gastric 
fundus surrounds gastroesophageal junction. 





abnormal reflux, bleeding, esophageal 
ulcer, and stricture were indications 
for prompt surgical intervention. 


Surgical Procedure 


The procedure is performed with 
use of a right subcostal or upper mid- 
line incision. 

The gastrohepatic ligament, con- 
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tissue of posterior abdominal wall. 


Fig 6.—Cross section of reefing procedure. Only lower gastro- 
esophageal area :s covered by collar of gastric fundus. 


taining the left gastric vessels, is 
transected and ligated at the level of 
the esophagogastric junction (Fig 3). 
Vagotomy is achiewed by tenting of 
the vagi, thereby avoiding mobiliza- 
tion or dissection of the distal esoph- 
agus. With exposure thus facilitated, 
easy access to the posterior fundic 
wall is provided. 

The sling fibers of the anterior and 
posterior func wails are caught in 
the suture and approximated around 
the esophagogastrie junction, along 
the lesser curveture border. The sling 
fibers are actually the inner layer of 
muscle making up the gastric wall in 
the cardiac portion ef the stomach, as 
shown in Fig 2. Using interrupted su- 
tures of 2-0 si, the plication is con- 
tinued until it measures about 6 cm in 
length and covers the gastroesopha- 
geal junction and a short segment of 
the distal esophagus. Usually five or 
six sutures are used. None are placed 
in the esophagus or crura of the dia- 
phragm (Fig 4 

The superior suture is continued in 
the proximal stump of the gastro- 
hepatic ligamert. The distal plication 
sutures are anehored in the tissue ad- 
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Fig 5.—Proximal anc distal sutures are carried through pedicles 
of gastrohepatic | gament. Intermediate sutures are passed through 


jacent to them on the posterior ab- 
dominal wall, or the distal stump 
of the gastrohepatic tissue (Fig 5). 
The operation is completed with a 
Heineke-Mikulicz pyloroplasty. 

Figure 6 demonstrates graphically 
the resulting anatomic arrangement 
created by the plicated sling fibers 
around the gastroesophageal junc- 
tion. 


Results 


The patients’ ages ranged between 
22 and 91 years. One hundred and 
nine women and 51 men were treated. 

The table demonstrates a number 
of associated foregut diseases. It ap- 
pears significant that more than 
three fourths of all the patients 
treated had some associated foregut 
disease, Approximately one half of all 
men had peptic ulcer disease demon- 
strated by roentgenogram and at op- 
eration, and almost two thirds of all 
women had biliary tract disease with 
gallstones. 

Because of the high degree of asso- 
ciation, special attention was given in 
evaluating each patient’s subjective 
symptoms, and care was taken to find 


objective evidence of gastroesopha- 
geal reflux. 

Biliary tract disease, which oc- 
curred in 80 or one half of the pa- 
tients, was of primary concern. Pre- 
vious cholecystectomy had been per- 
formed in 23 patients, and in each 
case gallstones were present. Cho- 
lecystectomy was carried out simulta- 
neously with the’ valvuloplasty proce- 
dure in 57 patients. Of these 57 
patients, all had gallstones, but 36 
were thought to be asymptomatic, 
with no evidence of inflammatory 
changes in the gallbladder. Twenty- 
one patients were considered to have 
symptomatic gallbladder disease 
characterized by attacks of colicky 
right-sided abdominal pain. Micro- 
scopic evidence of inflammation was 
also seen in the gallbladder wall. All 
57 patients had, in addition, charac- 
teristic symptoms of reflux. 

All patients have been available for 
follow-up evaluation. Of the 160 pa- 
tients, 103 have been followed-up 
from one to seven years. Three pa- 
tients have died from unrelated 
causes. There were no deaths due to 
the procedure. 
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The few postoperative complica- 
tions have been pulmonary in nature. 
One person had severe atelectasis and 
two had suspected but unproved pul- 
monary emboli. 

The conditions of all patients were 
symptomatically improved by sur- 
gery. One hundred forty-seven pa- 
tients, or 92%, have remained symp- 
tom-free. The remaining 13 patients, 
or about 8%, have occasional symp- 
toms of reflux. These symptoms of 
pyrosis and mild regurgitation are 
usually caused by over eating or 
drinking, situations that tend to up- 
set the balance of the sphincter mech- 
anism. 

The patients with severe complica- 
tions, such as bleeding, stricture, or 
ulceration, have also been satisfac- 
torily treated. 

Three patients were considered pri- 
mary technical failures. In two, the 
valve was constructed too loosely, and 
in one patient, it was constructed too 
tightly. A fourth patient dehisced a 
portion of the plication following pro- 
tracted retching due to a virus infec- 
tion. Each underwent a second oper- 
ation, the valve was reconstructed, 
and all have remained asymptomatic. 

Four other patients had later oper- 
ations for separate intra-abdominal 
conditions, which provided the oppor- 


tunity for visualization of the reefing 


procedure. In each case the stomach 
was found to be solidly fixed in the in- 
tra-abdominal position. 

All patients have been able to eruc- 
tate freely. Gastric retention of air 
has never been a problem. Post- 
vagotomy diarrhea, or dumping has 


not been a serious consequence. In 


only one patient has diarrhea proved 
a chronic postvagotomy effect. No un- 
toward changes in lower esophageal 
motility have been observed. 


Comment 


Persistent gastroesophageal reflux, 
unresponsive to vigorous medical 
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Biliary Duodenal 

Tract Ulcer 
Males 20 24 
Females 60 19 
Total 80 43 





Gastric Duodenal Other 
Ulcer Diverticuli Diverticuli 
6 1 6 
5 12 23 


13 29 








management, is a symptomatic, po- 
tentially dangerous condition de- 
manding surgical intervention. Suc- 
cessful treatment of this condition 
ean be accomplished by a gastric val- 
vuloplasty technique, reefing the col- 
lar sling musculature of the cardia 
around the gastroesophageal junc- 
tion, accompanied by truncal vagot- 
omy and pyloroplasty. 

Although the anatomical changes 
produced by the operative procedure 
are obvious, the explanation of the 
physiologic changes preventing ab- 
normal reflux is as yet conjectural. 
The results suggest that the proce- 
dure reestablishes a delicate balance 
of forces in the lower esophageal 
sphincter mechanism, which prevents 
abnormal reflux but preserves the 
ability to eructate or vomit. The re- 
sults also suggest that closure of the 
esophageal hiatus may be dis- 
regarded in the surgical treatment.’ 

The operative procedure has proved 
to be an effective, safe, and techni- 
cally simple approach applicable to a 
large group of patients. The benefi- 
cial effects of vagotomy were not out- 
weighed by undesirable side effects. 

The high incidence of associated 
foregut diseases in these patients 
with abnormal gastroesophageal re- 
flux suggests an embryological defect 
as a contributing factor in the loss of 
normal function of the lower esoph- 
ageal sphincter mechanisms. 
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Discussion 


Henry J. HEmMuicH, MD, Cincinnati: There 
are many ways of repairing hiatal hernia, 
as we have learned today and in the excel- 
lent presentations yesterday. I would like 
to ask the speakers to comment on what 
they do when the esophagus has striccured, 
whether its length is short or not. 

A barium swallow roentgenogram was 
taken of a 13-year-old patient who had a 
stricture and a short esophagus. 

Prior to our seeing this patient, she had 
undergone a Thal procedure with a Nissen 
fundoplication that seemed to be very ade- 
quate. Three months later she had stric- 
ture of the esophagus again, despite the 
Thal and Nissen procedure. I wonder 
whether Dr. Ellis has as yet experienced 
this complication. 

Still prior to our seeing the patient, a co- 
lon transplant was done with the ileum 
anastomosed to the cervical esophagus. 
The colon became redundant, and the pa- 
tient had a great deal of discomfort from 
this. 

The colon bypass then strictured at the 
level of the ileum just distal to its anasto- 
mosis to the cervical esophagus, and the 
patient could not swallow at all. It was at 
this point that the surgeon was kind 
enough to bring the patient to us. 

Our usual treatment for a short esoph- 
agus, or any esophagitis with stricture, is 
to bypass it with a reversed gastric tube, a 
relatively simple technique, when it is the 
original procedure. In this patient we had 
to circumvent the anastomosis of the colon 
at the middle of the stomach, which ‘eft us 
the proximal half of the stomach. How- 
ever, through a thoracoabdominal incision, 
with only the upper half of the stomach 
available, we were able to make half a re- 
versed gastric tube; and inasmuch as the 
stomach was already fixed halfway up in 
the chest, that was sufficient. The right 
gastric tube was anastomosed end-to-side 
into the proximal normal ileum in the neck. 
The patient then was able to eat a regular 
diet through the esophagus, ileum, gastric 
tube, and stomach, with some food going 
down the colon. 

As we had hoped, the colon proceeded to 
stricture further, and now the patient eats 
an entire meal through a new passageway. 

W. SPENCER Payne, MD, Rochester, 
Minn: Dr. Ellis and his colleagues have 
made a number of points today that I 
would like to elaborate on a little further. 

First, his paper deals with the treatment 
of gastroesophageal reflux, not hiatal her- 
nia. This reflects an important shift in em- 
phais to functional aspects rather than to 
anatomic deformity alone. We recognize 
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that gastroesoplageal reflux can occur in 
the absence of ciaphragmatic hernia, and 
the latter often exists without reflux. The 
operation urcler discussion is aimed at re- 
storing comy=teauc= to control symptoms by 
preventing mflex of noxious digestive se- 
cretions, nottos ter the nature of these se- 
cretions. Thas, the addition of vagotomy 
and pyloropsasty employed by Dr. Sifers 
would seem unrecessary. 

A great deal of attention has been paid 
to the pressrre barrier at the lower end of 
the esophagus and its responsiveness to 
changes in ntmagastric pressure, both in 
the diagnoi: of :acompetence and in as- 
sessing the ~esuits of operations. That the 
Nissen fundopheacion is a clinically effec- 
tive procedure, and that it restores compe- 
tence and increases the lower esophageal 
pressure barrier, seems well established. 

With the assistance of one of my resi- 
dents, D. M Wilbon, Jr., MD, and Jerry 
Schlegel, we performed a Nissen fundopli- 
cation on an excised postmortem esoph- 
agus and ‘tomaeh. Pressure recordings 
were obtained from the midesophagus, 
lower esopkages, and stomach, while the 
stomach was imfiated with saline from its 
distal end. As the stomach was inflated, 
there was aspregressive and parallel rise in 
the pressures meerded within the stomach 
and region ef the lower esophageal sphinc- 
ter. It was aoteantil intragastric pressures 
rose above 20 mm Hg that a pressure ele- 
vation was noted at the midesophagus, in- 
dicating the presence of gastroesophageal 
reflux. 

Thus, we conelude that the mechanism 
of eompetence reduced by the Nissen fun- 
doplication is mechanical and valvular in 
nature. We also concluded that the pres- 
sure barrie observed in the lower part of 
the esophazus after the operation is, in 
part at lest, related to the direct trans- 
mission of ntrazastric pressure to the en- 
circled lower region of the esophagus. 
Whether i hes other salutary effects on 
sphincter enhancement in vivo, of course, 
was not amwered by this study. 

Dr. Ellis is -> >e commended on provid- 
ing us wit) meek needed objective clinical 
follow-up cata, material that further con- 
firms our conftience with this procedure in 
clinical practic= 

F. G. Beanson, MD, Toronto: Nissen 
fundoplication iŒ a particularly attractive 
repair beccuse of its technical simplicity. 

We have used an inkwelling technique of 
esophagogast#es:omy following esoph- 
ageal resectio= im selected patients, as an 
antireflux mameuver. This anastomosis 
does mim= tte Nissen wraparound. We 
have stud=d 16 patients with this recon- 
struction possomerative barium examina- 
tions and «sor 2a@geal manometry. If a suf- 
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ficient length of esophagus is invaginated 
within the stomach, and it must be greater 
than 4 em in length, then neither fluid nor 
air will reflux across this “valve,” from 
stomach to esophagus. It should be noted 
that the prevention of reflux in this recon- 
struction requires no lower esophageal 
sphincter, nor the support of intra-abdomi- 
nal pressure. ; 

A similar model was studied by Lortat- 
Jacob in the 1950s in human cadavers and 
dogs. He demonstrated clearly that the 
length of the invaginated segment is crit- 
ical. If the invaginated segment is less 
than 3 em in length, both air and fluid can 
be fored from the stomach into the esoph- 
agus. If the segment is between 3 and 5 em 
in length, air can be forced into the esoph- 
agus, but not fluid; and with invaginated 
lengths greater than 5 cm, neither air nor 
fluid will reflux, even using high intragas- 
tric pressures. 

It may well be, therefore, that with Nis- 
sen fundoplication, the length of the in- 
vaginated segment is of critical impor- 
tance to achieving optimal results. These 
results allow the patient to swallow, burp, 
or vomit on oceasion, but do not result in 
the gas-bloat syndrome. 

Findings from manometric studies in 
our patients show an elevation of pressure 
throughout the length of the invaginated 
segment of esophagus. In these patients 
the lower esophageal sphincter has been 
excised and the elevation in pressure must 
relate to the inkwell or wraparound. This 
may, therefore, explain the increased 
length of the sphincter observed in Dr. 
Ellis’ studies. 

STANLEY O. Horerr, MD, Cleveland: I 
have had a special interest in this paper 
for several years, going back to when Dr. 
Sifers started talking to me about it. My 
own dealings with hiatal hernia and reflux 
esophagitis have been casual, to say the 
least. I have never really understood the 
alleged anatomy or physiology of the area. 
Complicated cases have been handled by 
our chest surgeons through the chest. My 
own relationship has been incidental repair 
along traditional lines, through the abdo- 
men as an additional procedure when the 
primary operation was on the biliary tract 
or stomach and duodenum. 

Since my own professional life has al- 
ways been associated with teaching insti- 
tutions, first with medical schools and then 
the more lowly atmosphere of a large 
group, I understand the belief which is felt 
but rarely expressed that anything useful 
is very unlikely to originate in a commu- 
nity hospital. When Dr. Sifers finally 
caught my attention, and I learned he 
really proposed to handle reflux esoph- 
agitis without repairing the associated 


hiatus hernia, I thought something was 
wrong; and even with my limited knowl- 
edge, it certainly didn’t sound correct. 

Perhaps the biggest contribution I can 
make to this discussion is to tell you that I 
had occasion to visit Kansas City several 
weeks ago. I watched Dr. Sifers do several 
of these procedures, very skillfully; but 
more importantly, I talked to about eight 
or ten people who have no relationship to 
him except that they refer him patients 
and look after them afterwards. Dr. Sifers _ 
is clearly an enthusiastic sort of person, 
but if he is self-deluding, he has managed 
to hypnotize an entire community, because 
they are sold on this operation and seem 
very, very pleased indeed with it. Other 
surgeons are also performing it. 

Jacop K. BERMAN, MD, Indianapolis: I 
suppose it is only normal to extol the vir- 
tues of a presentation which agrees in es- 
sence with the reader’s opinion. 

The subject under discussion should be 
called hiatal hernia complex, because it is a — 
complex abnormality for which no single 
factor is responsible. Therefore, we 
evolved our balanced procedure. 

We agree entirely with the authors’ fol- 
lowing conclusions: (1) Surgery should be 
done only after an extensive trial of medi- 
cal management has failed. (2) Hiatal her- 
nia in itself is not the sine qua non of 
esophagitis. Patients have esophagitis 
with and without the hernia, and with and 
without hyperacidity. (3) And more impor- 
tant, the mere fact that the patient regur- 
gitates does not always mean that the 
esophageal mucous membrane has a low- 
ered resistance to the regurgitant, which 
will result in esophagitis. (4) Creation or 
re-creation of the esophagogastric angle 
(angle of His) must be restored. We do this 
by an esophago-gastropexy, and this has 
worked very well. (5) Truncal vagotomy 
permits greater descent of the cardia, al- 
lowing the physiological sphincteral mech- 
anisms to act more efficiently. But it also 
decreases the volume of secretions, 
whether acid or alkaline, limiting the con- 
stant gushing of copious amounts of 
chyme, which cause esophageal irritation. 
(6) Associated lesions are common and 
must not be overlooked. It would be as in- 
genuous to correct the hiatal hernia and 
leave a diseased gallbladder as to do the 
reverse. (7) Tethering is not done. I am, as 
many of you know, writing a history of the 
Western Surgical Association. I have just 
finished the 1896 Transactions. Tethering 
was done for all stomach complaints and 
gastrorrhaphy was performed, but these 
measures were usually ineffective. Should 
a movable organ be fixed or be allowed to 
act freely? Our approach to the hiatus is 
made by cutting the left triangular (coro- 
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nary) ligament. (8) We do a pyloroplasty of 
the Heineke-Mikulicz type, and at the 
same time we remove a wedge of the py- 
lorus for microscopic study. The hiatus is 
repaired because this allows for stabiliza- 
tion of the stomach in its normal position. 
Lioyp M. Nyuus, MD, Chicago: Dr. Ellis 
has given a scholarly review of the subject. 
His studies have shown again that there is 
increased amplitude and strength in the 
lower esophageal sphincter after the Nis- 
sen fundoplication. This is a true mystery. 
We don’t understand why this happens. It 
is a mechanical valve. Improvement in 
sphincter tone relates, probably, to the 
healing of the esophagitis and, thus, im- 
provement of the function of the sphincter. 
‘Dr. Sifer makes some cogent points. 
“We do not repair the hiatus.” I agree with 
him about that. I was pleased to hear him 
talk about placing sutures into the sling fi- 
bers of the Willis apparatus rather than 
placing sutures into the phreno-esophageal 
ligament remnants on the lesser curvature. 
The phreno-esophageal ligament is not 
found on the lesser curvature of the stom- 
ach. 
One major point needs to be mentioned. 
I really do not think we should use vagot- 
omy and pyloroplasty as a routine for this 
problem. If you have duodenal ulcer dis- 
ease, yes; but if there is no concomitant ul- 
cer disease, I think you are just leaving 
yourself open for additional complications. 
We recognize that occasionally we must 
do a pyloroplasty because in doing the fun- 


doplication the vagal fibers will be cut. 


F. Henry ELLIs, Jk. MD, Boston: I would 
like to thank the discussants for their com- 
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ments. However, I believe the question of 
esophageal strictures should be raised at 
another time. They constitute a totally dif- 
ferent and vastly more complicated prob- 
lem than the management of hypotension 
of the inferior esophageal sphincter. Both 
of these papers addressed themselves to 
the latter point. 2° 

I was particularly interested in the sug- 
gestions regarding the possible mechanism 
by which fundoplication restores compe- 
tence and prevents reflux. I would agree 
that in all likelihood it is a mechanical ef- 
fect. Clearly, though, it needs more critical 
study and hopefully some of the discussers 
will be able to provide the answer at some 
future meeting. 

I thoroughly support Dr. Nyhus’ com- 
ments regarding vagotomy and _ pyloro- 
plasty. I have always been a believer in 
doing only what is necessary at the time of 
operation. If one employs an operation 
which experience has shown to be over 90% 
effective in raising sphincteric pressures 
and preventing gastroesophageal reflux, 
the level of gastric acidity matters little. 

In my hands, the morbidity from vagot- 
omy is not as innocuous as described by Dr. 
Sifers. He stated that there were no seri- 
ous complications from vagotomy. I would 
like to ask what the complications were, in- 
cluding those that were not “serious.” It 
is my policy to reserve vagotomy and py- 
loroplasty for patients with an active 
duodenal ulcer. 

Dr. SIFERS: I too would like very much to 
thank the discussants for their comments. 

Twenty years ago surgeons in this coun- 
try were in a great controversy over surgi- 
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cal therapy for complicated duodenal ulcer, 
and whether gastric resection (a rather 
formidable operation with appreciable 
morbidity and death rates) or vagotomy 
and pyloroplasty (a simple operation with 
lower morbidity and death rates) should be 
the procedure of choice. Our problem today 
with reflux esophagitis reflects a similar 
controversy. In Kansas City we have 
struck for a relatively simple, safe, and 
technically easy procedure, applicable to 
both patient and surgeon. In our hands the 
procedure has been very effective. 

I think we should remember that ma- 
nometry may measure increased sphincter 
pressures, but not necessarily relate to 
morbidity results, as Professor Lind noted. 
Our aim is not total prevention of reflux, 
with its attendant cure of esophagitis at 
the expense of incurring dysphagia and 
bloat. Our goal is reestablishment of a nor- 
mal reflux status. 

As far as vagotomy is concerned, I can 
quite literally tell you that we see the 
dumping syndrome and diarrheal effects in 
approximately 6% of these patients, and 
they have been transient in all but approx- 
imately 2%. I go back to the teachings of 
George Crile several years ago, who made 
the point that perhaps many of the so- 
called vagotomy side effects are related to 
the mechanism of pyloroplasty. 

Vagotomy, in our hands, has been very 
safe and simple. It has not increased the 
morbidity, but indeed has allowed us to 
make a more anatomical and easily as- 
certainable closure of the sling fibers 
around the esophagogastric junction. 
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Massive Thigh Injuries 


With Vascular Disruption 


Role of Porcine Skin Grafting 


of Exposed Arterial Vein Grafts 
Anna M. Ledgerweod, MD, Charles E. Lucas, MD, Detroit 


Twenty-fve patients with extensive soft 
tissue injusy and femoral-popliteal arterial 
disruption wer treated over a four-year pe- 
riod. Injury was most often due to close- 
range shotgur blasts, and often involved ad- 
jacent structures. Of the patients, 72% were 
admitted ir sewere shack; all but one were 
successfully resuscitated. 

Three patierts did well following primary 
above-knee amputation. The remaining 21 
had primary vascular repair, and 14 survived 
with a viabee imb. There were four second- 
ary amputatiems and four postoperative 
deaths. Adverse factors affecting survival 
and limb salwage included inadequate de- 
bridemert, primary wound closure, failure of 
the vascular repair, and omission or incom- 
plete fascitemy. Spiit-thickmess porcine 
skin grafts we= used as a biological dress- 
ing to cover am exposed vascular repair in 
four patients. imb salvage was achieved in 
three of these 


he Korsan conflict experience 

with arerial injury established 
the principle əf primary vascular re- 
pair over arteria! ligation by showing 
a decrease r the amputation rate 
from over 5Œ to less than 138%.: Rich 
et al, in £ review of over 1,000 cases, 
report similar success in the treat- 
ment of arterial injuries in the Viet- 
nam confie. The amputation rate 
following primary vascular repair in 
Vietnam, hewever, is significantly 
higher than that of civilian arterial 
injury.’ Tais is attributed not only to 
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the severity of arterial injury but, 
more importantly, to the extent of in- 
jury to soft tissue and adjacent struc- 


tures from high-velocity missiles. - 


Massive soft tissue injury also accom- 
panies civilian arterial injuries 
caused by high-velocity rifle wounds, 
shearing blunt injury, and close- 
range shotgun blasts.‘ The problems 
of treatment in this group of patients 
are comparable to those seen with 
high-velocity war wounds. The pur- 
pose of this report is to elucidate 
these problems as encountered in 25 
such patients treated since 1969 and 
to propose a new adjunct in treat- 
ment, namely, the use of split-thick- 
ness porcine skin grafts as a biologi- 
cal dressing for exposed arteries or 
vein grafts. 


Patients 


One hundred twenty-two patients with 
femoral-popliteal arterial injury were 
treated from January 1969 through Octo- 
ber 1972. Twenty-five of these patients had 
associated massive soft tissue injury. All 
were male patients and ranged in age 
from 16 to 72 years, with an average of 30 
years. They were evenly distributed over 
the four-year period with seven patients 
admitted during 1971 and six patients in 
each of the other three years. Twenty-one 
patients sustained close-range shotgun 
blasts with an entrance wound greater 
than 5 cm in diameter, often surrounded 
by a halo of pellet holes; eight of these pa- 
tients had an exit wound. Three patients 
had high-velocity rifle wounds with exten- 
sive soft tissue and muscle destruction but 
relatively small entrance wounds; one of 
these patients had an exit wound. The re- 
maining patient was run over by a truck, 
causing avulsion of skin and subcutaneous 


tissue from the groin to the knee in addi- 


tion to arterial disruption. 
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The 25 patients had a total of 30 arterial 
injuries with four patients having involve- 
ment of more than one vessel. The location 
of these injuries and the number of pa- 
tients affected were as follows: superficial 
femoral, 16; common femoral, 2; deep fem- 
oral, 2; popliteal, 1; common and deep fem- 
oral, 1; superficial and deep femoral, 1; su- 
perficial femoral and popliteal, 1; and 
common, superficial, and deep femoral, 1. 
Injury to adjacent structures, in addition 
to the massive soft tissue defect, was com- 
mon, with nine patients suffering from 
wounds to the femoral and saphenous 
veins; four to the femoral and saphenous 
veins and nerve; four to the femoral and 
saphenous veins, nerve, and bone; three to 
the femoral vein; two to the femoral vein 
and bone; and one to the nerve. Two pa- 
tients had only arterial injury. In addition, 
11 of the 25 patients had a total of 20 sys- 
temic injuries: three suffered injuries to 
the opposite leg; three to the scrotum; one 
to the hand; one to the liver; one to the 
omentum, plus a fractured pelvis and tibia; 
one suffered injury to the small intestine, 
rectum, urinary bladder, lung, diaphragm, 
spleen, and stomach; and one suffered in- 
jury to the transverse colon, and had a 
fracture of the opposite femur. 


Treatment and Results 


Resuscitation.—The most urgent 
problem on arrival was hypovolemic 
shock. Eighteen patients were ad- 
mitted with a systolic pressure below 
90 mm Hg, including nine who had no 
obtainable pressure. Wound hemor- 
rhage was initially controlled in the 
Emergency Room by means of com- 
pression dressings, a proximal tourni- 
quet, or both. The 18 patients ad- 
mitted in shock required an average 
of 22 units of whole blood during their 
hospitalization. The entire group of 
patients, in comparison, required 12 
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units of whole blood (range 1 to 36) in 
the first 48 hours and 17.5 units (range 
1 to 58) throughout their hospital stay. 
Left thoracotomy with internal car- 
diac massage was performed in three 
patients admitted without pulse or 
blood pressure and was, in each in- 
stance, initially successful. One pa- 
tient, however, had a second cardiac 
arrest and died in the Emergency 
Room, while a second patient died of 
respiratory failure on the sixth day 
following successful vascular recon- 
struction. 

Primary Amputation.—Three of the 
24 patients who were successfully re- 
suscitated had above-knee amputa- 
tion as the primary procedure. All 
three patients had associated injury 
to bone, nerve, and both femoral and 
saphenous veins, and were severely 
hypotensive. Furthermore, two pa- 
tients had systemic injury requiring 
operative intervention. All three pa- 
tients survived. 

Primary Vascular Repair.—Two of 
the 21 patients undergoing primary 
vascular repair had isolated injury to 
the deep femoral artery, which was 
treated by primary ligation (Table 1). 
Both patients survived with a viable 
limb, although one patient who also 
had ligation of the femoral and saph- 
enous veins required fibulectomy-fas- 
ciotomy 12 hours later. 

Saphenous vein graft replacement 
was performed in 13 patients, includ- 
ing one who had simple closure of 
four pellet holes proximal to the vein 
graft. Repair was successful in 12 of 
these patients, even though ten had 
ligation of the femoral vein and seven 
had ligation of the saphenous vein. 
Seven patients had a standard medial 
and lateral fasciotomy. The one pa- 
tient with failure of vein graft repair 
also had ligation of the deep femoral 
artery. Those factors which most 
likely contributed to failure of repair 
in this patient were (1) ligation of 
both femoral and saphenous veins 
without fasciotomy, (2) hypotension 
with limb ischemia, (3) decreased col- 
lateral flow following ligation of the 
deep femoral artery, and (4) explor- 
atory laparotomy for repair of six 
systemic injuries, which not only de- 
layed the completion of vascular re- 
pair until 15 hours after admission, 
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but also contributed to conservative 
wound debridement. He developed a 
gangrenous extremity and died of 
wound sepsis on the seventh day. 

Resection of the injured segment of 
artery with an end-to-end anasto- 
mosis was done in four patients, in- 
cluding one who had simple closure of 
four pellet holes distal to the anasto- 
mosis. One patient had failure of the 
repair due to missed pellet injuries of 
the popliteal artery, which were 
closed 12 hours later with simple su- 
ture. Although this patient also had 
femoral and saphenous vein ligation 
and a primary standard fasciotomy, 
ischemic changes developed postoper- 
atively in the foot and arteriography 
showed no runoff distal to the poplit- 
eal artery. Fibulectomy-fasciotomy 
with decompression of all four com- 
partments may have prevented be- 
low-knee amputation in this patient. 

Two patients had simple closure of 
multiple holes involving the common 
and deep femoral arteries in one pa- 
tient and the common, superficial and 
deep femoral arteries in the other pa- 
tient. Both had ligation of femoral 
and saphenous veins and neither had 
fasciotomy. The repair failed in both 
patients, with one requiring ligation 
of the femoral vessels for profuse 
hemorrhage two hours after the ini- 
tial procedure. Both patients devel- 
oped gangrenous limbs requiring 
above-knee amputation. Inadequate 
debridement and severe wound sepsis 
led to later hip disarticulation in both 
patients and one died of wound sepsis 
on the 12th day. 

Venous Injury—Fasciotomy.—LHigh- 
teen of the 21 patients undergoing 
primary vascular repair had associ- 
ated venous injury. Five patients 
with only femoral vein injury were 
treated by primary repair in two in- 
stances and ligation in three in- 
stances. One patient had a primary 
standard fasciotomy following liga- 
tion and all five patients survived 
with a viable limb. The remaining 13 
patients had ligation of both the fem- 
oral and saphenous veins; seven sur- 
vived with a viable extremity, includ- 
ing five who had primary fasciotomy. 
Although all seven developed periph- 
eral edema in the postoperative pe- 
riod, this responded to elevation, and 


no patient has residual edema. Of the 
remaining six patients with femoral 
and saphenous vein ligation, four had 
failure of the vascular repair; only 
one of these four patients had pri- 
mary standard fasciotomy, and all 
four patients may have benefited 
from fibulectomy-fasciotomy. 

Adjacent Injuries.—The extent cf in- 
jury to adjacent structures definitely 
influenced the type of primary treat- 
ment. Three of the four patients with 
artery, both femoral and saphenous 
vein, nerve, and bone injury hac pri- 
mary amputation. Six of the 22 pa- 
tients in whom limb salvage was at- 
tempted had femoral or sciatic rerve 
injury. All had contusion from either 
blunt injury or shotgun pellets and 
none required repair. Although there 
was one death and three secondary 
amputations in this group of patients, 
nerve injury did not appear to be the 
responsible factor. Both patients who 
survived with a viable limb, however, 
had residual neuromuscular deficits 
consisting of a foot drop in one pa- 
tient and markedly decreased sensa- 
tion and motor function of the fcot in 
the other patient. The three patients 
with femur fracture were treated 
with balanced skeletal traction and 
all did well with no evidence of os- 
teomyelitis or nonunion. 

Systemic Injuries.—A positive corre- 
lation was observed between the 
number and extent of systemiz in- 
juries and mortality. All three pa- 
tients with two or more systemic in- 
juries required laparotomy and 
eventually died. Repair of the sys- 
temic injuries prolonged the »per- 
ative procedure, delayed the vascular 
repair, which failed in two patients, 
and contributed to conservative 
wound debridement. The addition of 
one systemic injury in eight patients 
was unrelated to limb salvage or pa- 
tient survival. 

Soft Tissue Injury.—The soft tissue 
injury in all 21 patients necessitated 
extensive debridement, which, in each 
instance, was considered by the sur- 
geon to be adequate. The size of the 
wound following debridement was 
frequently referred to as “huge” or 
“massive” but was measured in only 
ten patients whose wounds averaged 
44 sq in in surface area (range 12 to 98 
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Table 1.— Pype of Vascular Repair 


No. of Patients 


Type of Repair Successes Failures 


Vein graft 
End-to-enc 

anastamoss 
Ligation 
Simple cicsure 
Total 


sq in). Succe=ful treatment of the 
soft tissue injury had the most signif- 
icant influenee on limb salvage and 
patient survivel. Both the adequacy 
of wound cebrdement and the type 
of wound close were vital (Table 2). 
Nine of the 24 datients had adequate 
initial debrid=nent and all survived 
with a viable mb. 

Twelve pacents had inadequate 
initial debridement and only five sur- 
vived with a able limb. Five of these 
patients with madequate wound de- 
bridement tac muscle coverage only 
of the vascuEr repair; two did well 
after one ade'tional debridement. A 
third patient nad injured ischemic 
muscle overly: az a missed arterial in- 
jury, which ~ssulted in below-knee 
amputation Two patients died as a 
result of wound sepsis, with one pa- 
tient exsanguwi tating from a ruptured 
vein graft. 

Inadequate debridement was com- 
bined with prmary closure of the 
skin or fascia i six patients of whom 
‘four survived after two to five addi- 
tional debricements. Limb salvage 
was achieved ir only two of these pa- 
tients, one oœ whom had successful 
construction of a fascial tunnel to 
cover the vei graft while the other 
had an expced 20-cm segment of 
saphenous ve n graft. Three patients 
in this group required secondary am- 
putation. Primary skin or fascial clo- 
sure over nadequately debrided 
muscle appeared to make the under- 
lying ischemia and necrosis more se- 
vere. Indeed, wound sepsis in two of 
these patierts led to hip dis- 
articulation efter a previous above- 
knee amputetion. There were two 
deaths from severe wound sepsis, in- 
cluding one petient who had hip dis- 
articulation. 

Exposed Vascular Repair—Porcine 
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Status of 
Debridement 
Type of 
Wound Closure 
Survival with 
viable limb 


Secondary 
amputation 


Adequate 


Skin or 


















Table 2.—Wound Debridement and Closure—Treatment and Results 


No. of 
Fascia Muscle None Patients Fascia 


Inadequate 


No. of 
Muscle None Patients 


Skin or 





* Includes one patient who had secondary amputation. 


Skin Grafts.—Six patients had an ex- 
posed vascular repair, including three 
in whom the wound was left open ini- 
tially. Two of the three patients with 
secondary exposure of the vascular 
repair had necrosis of a muscle flap 
which was initially rotated over a 
vein graft. The portion of exposed 
vein graft was small in one patient 
who was successfully treated with 
daily dressing changes, using fine 
mesh gauze. Similar local therapy was 
unsuccessful in another patient who 
exsanguinated from a ruptured vein 
graft three days following secondary 
debridement of a necrotic muscle 
flap. 

Split-thickness porcine skin grafts 
were used to cover the exposed vascu- 
lar repair in the remaining four pa- 
tients and were successful in pro- 
viding limb salvage in three. The 
dressings were changed daily in three 
patients and every other day in the 
fourth patient who was in balanced 
skeletal traction for a fractured fe- 
mur. The pigskin was obtained com- 
mercially at a cost of approximately 
$20/sq ft and was stored in the refrig- 
erator between dressing changes. 
Only one of the four patients required 
more than 1 sq ft of pigskin through- 
out his hospital stay, despite numer- 
ous dressing changes. The pigskin 
was applied evenly over the wound 
like an autograft. Rayon cloth was 
placed immediately over the pigskin, 
followed by placement of a bulky 
dressing. That part of the wound ad- 
jacent to the exposed vein graft was 
covered by the same bulky dressing, 
but without pigskin. It was noted 
during the dressing changes that a 
thin, gray, mucoid-like layer of serum 
remained on the exposed vein graft 
after the pigskin was removed. This 
thin mucoid layer appeared to protect 


the exposed vein graft from the mi- 
crodebridement, which typically ac- 
companied the removal of fine mesh 
gauze from the remainder of the 
wound. During the course of therapy, 
pink islets of granulation tissue ap- 
peared within this mucoid layer and 
gradually coalesced until the entire 
vein graft was covered by granula- 
tion tissue. Autografts were then ap- 
plied. 

The single patient in whom this 
technique was unsuccessful had ex- 
tensive muscle necrosis under a tight 
primary fascial closure. Repeated de- 
bridements resulted in a circum- 
ferentially exposed vein graft, which 
was covered with the porcine skin 
grafts. The central portion of the vein 
graft became necrotic and disrupted 
on the tenth day, requiring arterial 
ligation and subsequent amputation. 
The ischemic necrosis of the vein 
graft wall probably occurred due to 
lack of adequate nutrition and oxy- 
gen for the wall of the vein graft, 
which presumably must receive its 
oxygen from the surrounding tissues. 
Because of this, another patient with 
a circumferentially exposed vein 
graft had a nearby muscle bundle 
pulled to the vein graft by means of 
retention sutures. This allowed one 
wall of the graft to be in contact with 
viable muscle, thus providing a source 
of oxygen. The remainder of the ex- 
posed graft was successfully covered 
with porcine skin grafts. 

Limb Salvage—Patient Survival.— 
Fourteen of the 25 patients, including 
four who had an exposed vascular re- 
pair, survived with a viable extrem- 
ity. All three patients with primary 
amputation and three of the four pa- 
tients requiring secondary amputa- 
tion survived. All four patients with 
secondary amputation had _ inade- 


Thigh Injuries/Ledgerwood & Lucas 203 


quate initial debridement and three 
had primary skin or fascial closure, 
resulting in severe wound sepsis. In 
addition, three patients had failure of 
the vascular repair and the fourth had 
rupture of the vein graft. 

Five patients died, including one 
during resuscitation. Another patient 
required a left thoracotomy and in- 
ternal cardiac massage prior to a suc- 
cessful vascular repair and then died 
on the sixth day from postshock res- 
piratory insufficiency and minor 
wound sepsis. A third patient had 
inadequate debridement initially and 
exsanguinated from a ruptured vein 
graft. The remaining two patients 
had inadequate debridement, primary 
skin closure, failure of the vascular 
repair, wound sepsis, and multiple 
systemic injuries, all of which con- 
tributed to their deaths. 

Successful treatment of patients 
with massive thigh wounds and arte- 
rial disruption requires vigorous ini- 
tial resuscitation and correction of 
hypovolemie shock. Resuscitation in- 
cludes internal cardiac massage when 
necessary, rapid intravenous replace- 
ment of balanced electrolyte solution 
and whole blood, appropriate ventila- 
tory assistance, broad spectrum anti- 
biotics, and tetanus prophylaxis. The 
amount of blood required in the first 
48 hours reflects not only the degree 
of shock on admission and the sever- 
ity of the extremity injury, but also 
the number and extent of systemic 
injuries. 


Following resuscitation, a decision 


must be made to either perform a pri- 
mary amputation or attempt a vascu- 
lar repair. Although arterial ligation 
may be successfully performed with- 
out amputation in patients with 
single missle, low-velocity wounds, 
those patients with massive soft tis- 
sue injury have diminished collateral 
flow and will most likely require an 
amputation after arterial ligation. 
Ideally, the decision to do an amputa- 
tion should be made initially, since 
delay and reoperation increase mor- 
bidity and may cause death. Several 
factors that may influence this deci- 
sion are the extent of local injury, the 
number of systemic injuries, and the 
age and condition of the patient upon 
arrival. Two of our three patients who 
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had primary amputation were judged 
to have nonsalvageable limbs clini- 
cally; whereas a third patient, who 
had a potentially salvageable limb, 
was 72 years old. His advanced age 
and the severity of injury, waich in- 
cluded a large open tibial fracture, led 
to the primary amputation to facil- 
itate early recuperation and ambula- 
tion. In retrospect, two other patients 
might have survived if primary am- 
putation had been done, rather than 
vascular repair. Both patients had ex- 
tensive systemic injuries, which not 
only delayed the vascular repair and 
prolonged the length of operative 
procedure, but also contributed to 
conservative wound debricement, 
which was inadequate. Although the 
length of time from injury until the 
end of the operation appearec to ad- 
versely affect one of these patients, 
there was little relationship between 
this time and the final outcome in the 
remaining patients. 

Arterial repair in patients with 
massive thigh wounds is most satis- 
factorily accomplished by liberal re- 
section of the involved artery, fol- 
lowed by an autogenous vein graft. 
Although Patman et al’ recommend 
primary repair of multiple pellet 
holes spread throughout a corsidera- 
ble segment of artery, both of our pa- 
tients undergoing primary simple clo- 
sure had failure of the repair. The 
only failure after vein graft replace- 
ment was probably due to a eambina- 
tion of technical error and a nine- 
hour delay before arterial reccnstruc- 
tion. Other factors that contributed 
to failure of the vascular repair were 
inadequate wound debridement and 
exposure of the injured artery, more 
than one arterial injury, and omission 
or incomplete fasciotomy. All four pa- 
tients with failure of the vascular re- 
pair required amputation or died. 

Adjacent venous injury is likely 
with these massive wounds and pri- 
mary repair is seldom feasible. Fortu- 
nately, ligation of both the femoral 
and saphenous veins in the majority 
of our patients, including seven of 14 
patients who survived with a viable 
extremity, did not cause major 
venous insufficiency. These patients, 
however, do have extensive loss of 
lymphatic and venous collaterals as 


part of the soft tissue injury so that 
dependent edema in the early postop- 
erative period is common. This edema 
readily responds to elevation and 
pressure support during the first few 
weeks beyond which no residual 
edema has been seen in any of these 
patients. Apparently the early edema 
subsides as collateral venous and lym- 
phatic channels develop. 

Fasciotomy is indicated in amy pa- 
tient with extensive soft tissue in- 
jury, major loss of lymphatic drain- 
age, femoral and saphenous vein 
ligation, and a period of ischemia sec- 
ondary to the arterial disruotion. 
Schmitt and Armstrong,’ in their re- 
view of 136 secondary amputations 
following arterial injury in Vietnam, 
implicate failure to perform fasciot- 
omy as the cause of secondary ampu- 
tation in 60 of these patients. Lack of 
adequate fasciotomy appeared te con- 
tribute to failure of the vascular re- 
pair in four of our patients. Although 
most patients respond well to a stan- 
dard medial and lateral fasciocomy, 
Ernst and Kaufer’ have emphesized 
the need for fibulectomy-fascictomy 
to decompress all four compartments 
of the leg. Recently, attempts have 
been made to measure tissue pres- 
sures in the superficial compartments 
of the leg at the time of primary re- 
pair as an index as to when fasciot- 
omy is indicated. Until further data 
are available, it appears that a stan- 
dard lateral fasciotomy should be per- 
formed at the time of the vascular re- 
pair; interstitial pressures should 
then be measured in the anterior and 
superficial posterior compartments. 
When this pressure is above 50 cm 
H,O, capillary flow is most likely im- 
paired in all four muscular compart- 
ments and a fibulectomy-fascictomy 
is indicated. If the pressures are be- 
low 50 cm H,O, a medial fascictomy 
should be added and the patient ob- 
served over the next 24 to 48 hours. 
Loss of pulsation, poor runoff by arte- 
riography, or development of de- 
creased neurological function nezessi- 
tates reoperation and decompression 
of the deep posterior compartment by 
means of fibulectomy-fasciotomy. 

The most important factor leading 
to both loss of life and limb ir this 
group of patients was inadequate de- 
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bridement at the initial operation. 
Schmitt and “rmstrong® report that 
wound infection primarily due to 
inadequate debridement was a major 
factor in 77% 3f their patients requir- 
ing amputaticn following arterial in- 
jury in Vietnam. Multiple reasons for 
inadequate d2=bridement and subse- 
quent wound sepsis may be operative. 


(1) Recognitice of nenviabie tissue is - 


often difficult even for experienced 
surgeons. (2) Relatively small en- 
trance wounds belie the extent of un- 
derlying soft issue damage. (3) In- 
jured, nonviabie muscle will often 
bleed, thus misleading the unaware 
surgeon. (4) Genservative and inade- 
quate debridement may be performed 
in order to preserve tissue for cov- 
ering the vasaular repair. (5) Primary 
wound closure followed by soft tissue 
swelling resuks in a further decrease 
in blood flow to imjured ischemic 
muscle. An additional hazard of pri- 
mary wound døssure is the inability to 
assess the adequacy of the initial de- 
bridement. Primary skin or fascial 
closure of an madeguately debrided 
wound in six Jatients led to unrecog- 
nized wound sepsis in four instances. 
Three of these patients required a 


1. Hughes CW: Arterial repair during 
pt Korean wer. Ann Surg 147:555-561, 


2. Rich NM, Saugh JH, Hughes CW: 
Acute arterial ba in Vietnam: 1,000 
cases. J Trauner 9-369, 1970. 

3. Perry MO, Thal ER, Shires, GT: Man- 
pent of ar-erial injuries. Ann Surg 
173:403-408, 197L 

4. DeMuth WS Jr: The mechanism of 
shotgun wounc=. J Trauma 11:219-229, 


Arch Surg/Vol 7, Aug 1973 


second amputation at a higher level 
and two died. 

Success with split-thickness porcine 
skin grafts as a biological dressing 
for exposed vascular repairs has 
prompted us to modify the principles 
of management for massive soft tis- 
sue injuries with arterial disruption. 
Following resuscitation, all nonviable 
tissue should be debrided without re- 
gard for vascular coverage. A liberal 
resection of the entire segment of in- 
volved artery is essential, followed by 
replacement with an autogenous vein 
graft of sufficient length for the vein 
graft to lie on a healthy, well-per- 
fused muscle bed. The vein graft is 
then covered with viable muscle if 
such is available. Otherwise, the vein 
graft may be rerouted through an op- 
eratively constructed fascial tunnel or 
covered with a viable muscle flap. 
Caution must be taken to ensure via- 
bility of such muscle flaps, however, 
since both patients treated in this 
manner developed flap necrosis, re- 
quired subsequent debridement, and 
were left with an exposed vein graft. 
If muscular coverage is impossible, 
the vascular repair should be covered 
with split-thickness porcine skin 
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grafts rather than proceeding di- 
rectly to an amputation as has been 
advocated in the past.* No attempt 
should be made to close the wound 
and a fasciotomy should be per- 
formed. The wound should be reeval- 
uated at 48 hours with further de- 
bridement if necessary. 

The use of porcine skin grafts al- 
lows for more adequate debridement 
without concern for coverage of the 
vascular repair, prevents the need for 
primary wound closure as a means of 
covering the vascular repair, and fa- 
cilitates reevaluation of the adequacy 
of the first debridement at 48 hours. 
The porcine skin grafts, which are 
changed daily, further aid in control- 
ling wound sepsis,’ promote granula- 
tion tissue coverage over the exposed 
vessel, and protect the vein graft 
from trauma during the repeated 
dressing changes. For this reason an 
exposed vein graft in a patient with 
massive soft tissue injury can now be 
treated with the split-thickness por- 
cine skin grafts rather than proceed- 
ing directly to amputation. 
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A FiveYear Prospective Study 


of 23,649 Surgical Wounds 


Peter J. E. Cruse, MB, ChB, FRCS (C), Rosemary Foord, RN, Calgary, Alberta, Canada 


A prospective study was made of 23,649 
surgical wounds. All wounds were examined 
by one person for 28 days after operation. 
National Research Council definitions and 
classifications were used. The overall infec- 
tion rate was 4.75%, the clean rate was 
1.81%. Sepsis became evident only after the 
patient had left the hospital in 13.2% of 
cases. Analysis of 15,389 clean wounds 
showed a reduction in the rate of infection in 
those using a hexachlorophene wash before 
operation and those whose operation site 
was not shaved. No reduction or increase in 
the rate of infection was observed when 
plastic skin drapes were used or when differ- 
ent hand-scrub preparations were used. In- 
crease in the rate of infection occurred in old 
age, when drains were used, when there was 
a prolonged hospital stay before the oper- 
ation, and when the duration of the oper- 
ation was great. 


F September 1967, we commenced a 
prospective study of all surgical 
wounds at the Foothills Hospital in 
Calgary, Alberta, Canada. The hospi- 
tal has 830 beds and ten operating 
rooms. This is a report of 23,649 
wounds. 

The study was initiated for four 
reasons: (1) to obtain an accurate 
monthly infection figure as a guide to 
the efficient functioning of the oper- 
ating rooms, wards, surgeons, and the 
infection control committee; (2) to de- 
termine the factors that influence our 
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infection rate; (3) to obtain statistical 
background for future investigation 
of variables; and (4) to improve our 
infection rate and bed utilizacion. 

In this hospital, wound in<ections 
delay the patient’s discharge from 
the hospital by 9.9 days. It 5 calcu- 
lated that each infected wound costs 
the taxpayer $600 for hospitalization 
alone. 


Method 


The nurse (R.F.) was employed full-time 
for this project. She personally »bserved 
all operation wounds during the patient’s 
stay in hospital, and for 28 days pestopera- 
tively. Excluded from this study were oral, 
rectal, and vaginal operations, burns, and 
circumcisions. 

On the protocol, the details of zhe oper- 
ation were recorded, together wita the pa- 
tient’s progress. The information was 
coded on the tear-off side slips. 

This information was transferred to 
punch cards in the data processing center 
of the hospital, and the punch card infor- 
mation was assimilated on a computer 
disc. 


Definitions 


The . definitions employed in the 
1964 National Research Council study 
on wound infection and the influence 
of ultraviolet light were used. 

A wound was defined as “infected” 
if pus discharged from it. A wound 
was categorized as “possibly in- 
fected” if it developed the signs of in- 
flammation or a serous dscharge. 
Such wounds were inspected caily un- 
til they discharged pus (infected) or 
resolved, when they were classified as 
“not infected.” 

Wounds were classified a clean, 
clean-contaminated, contaminated, or 
dirty, as defined by the National Re- 
search Council. 


Clean.—This included those wounds 
in which the gastrointestinal tract or 
respiratory tract was not entered, in 
which no apparent inflammation was 
encountered, and in which no break in 
aseptic technique occurred. Cholecys- 
tectomy, appendectomy “en passant,” 
and hysterectomy were included in 
this category if no acute inflamma- 
tion was present. 

Clean-Contaminated.—This included | 
clean operations that entered the gas- 
trointestinal tract or the respiratory 
tract but in which there was no sig- 
nificant spillage. 

Contaminated.—This included oper- 
ations in which acute infammation 
(without pus formation) was encoun- 
tered, or in which gross spillage 
from a hollow viscus occurred. Fresh 
traumatic wounds and operations in 
which a major break in aseptic tech- 
nique occurred were included in this 
category. 

Dirty.—This included operations in 
which pus was encountered or in 
which a perforated viscus was found. 
“Old” traumatic wounds were also in- 
cluded in this group. 


Results 


A study of 23,649 wounds was 
made; 1,124 became infected. The in- 
fection rate was 4.8%, which is com- 
pared with other clinical studies in 
Table 1. 

Two major factors determine wheth- 
er a wound will become infected: the 
dose of bacterial contamimation and 
the resistance of the patient. 

Bacterial Contamination of the 
Wound at Operation.—Table 2 shows 
the importance of wound contamina- 
tion. The clean-wound infection rate 
was 1.8% (329 out of 18,090); the 
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clean-contanamated wounds, 8.9%; 
contaminated wounds, 21.5%; and 
dirty wounds, 8.3%. 

Infection in dirty wounds, ie, where 
pus is found at she time of operation, 
was 20 times iigher than in clean 
wounds. 

In the manmegement of contami- 
nated and dzy wounds, many sur- 
geons are mow revertinz to the 
method of detayed primary closure. It 
is of interest -hat Billroth used this 
method of clcsure for all abdominal 
wounds, and it took many years to 
convince him taat wounds could be 
closed primary, as advecated by 
Lister. 

Clean Weunis.—In these wounds 
the bacterial ceataminatior has been 
minimized amc the influence of the 
other factors sueh as hand scrubs, 
skin preparation, age, obesity, and so 
forth could be more accurately as- 
sessed. 
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Tabie L—This Study Compared With Present-Day Figures in Wound Sepsis 


No. of Sepsis Rate, 
Country Salhi % 

Clarke? England 13. 6 
Robertsor Canada 1, a7 9.3 
Williams et =F England 4.7 
Public Healt Laboratory 

Service® England 3,276 9.4 
Rountree*® Australia 198 14.0 
Myburgh” South Africa Not noted 17.0 


National Research Ceuncil’' United States 15,613 7.5 
Foothills 4esartal Canada 23,649 4.8 


Tete 2.—Analysis of Infection Rate Related to Wound Types 


Type of Wound No. of Wounds No. Infected 
Clean 18,090 329 s- 
Cleanconterinated 4,106 367 8.9 
Contaminatec 770 166 21.5 
Dirty 683 262 38.3 
Total 23,649 1,124 4.8 
































Analysis of these wounds allowed 
for the comparison between surgical 
departments and individual surgeons. 
The infection rates of the various de- 
partments in this hospital did not dif- 


fer significantly (Table 3). Two de- 


partments have achieved the goal of a 
clean-wound infection rate of less 
than 1% over the five-year period: 
Neurosurgery (0.8%) and Ear, Nose, 
and Throat (0.9%). 

Surgeon’s Hands._We compared 
the incidence of wound sepsis in clean 
wounds when the surgeon scrubbed 
with povidone-iodine (Betadine) or 
with a hexachlorophene preparation 
(pHisoHex). The clean-wound infec- 
tion rate was identical. 

There were 548 clean cases where 
the surgical gloves were known to be 
punctured; 29 became infected for an 
infection rate of 5.8%. We had ex- 
pected this rate to be higher. 

Patient’s Skin.—PREOPERATIVE 
SHOWERING.—If the patient did not 
shower, the infection rate was 2.3%; if 
he showered before operation, and 
used soap, the infection rate was 
2.1%; and if he showered using an an- 
tiseptie detergent containing hexa- 
chlorophene, the infection rate fell 
to 1.3%. A hexachlorophene wash ap- 
pears to be of value in reducing 
wound infection. 

SHAVING THE OPERATION SITE.—In 
patients who were shaved, the infec- 
tion rate was 2.3%; in patients who 


had no shave, but had only their pubic 
hair clipped, the infection rate fell to 
1.7%; and in patients who had no 
shave or clipping, the infection rate 
was 0.9%. This rather surprising find- 
ing agrees with a recently published 
series by Seropian and Reynolds.* 
They reported on 406 patients and 
found that in those shaved the infec- 
tion rate was 5.6% and in those not 
shaved it was 0.6%. Further, in pa- 
tients on whom a depilatory cream 
was used instead of shaving, the in- 
fection rate was also 0.6%. 

PLASTIC SKIN DRAPES.—The use of 
adhesive plastic skin drapes was not 
associated with a reduction in wound 
infection. With the usual cloth drapes, 
the infection rate was 1.5% (186 out of 
11,893); with plastic drapes, 2.4% (140 
out of 5,714). 

SKIN PREPARATION.—From 1967 to 
1971, green soap and alcohol were 
used in the operating rooms for the 
skin preparation. During those years 
the clean infection rate was 2% (251 
out of 12,849). 

A year ago the routine was 
changed so that a few hours before 
operation each patient was washed 
with a povidone-iodine scrub sponge 
on the ward, and in the operating 
room the skin was painted with tinc- 
ture of chlorhexidene (Hibitane). The 
clean infection rate is now 1.2% (22 
out of 1,810). 

The Resistance of the Patient.—Age 
and Associated Medical Illness.—This 
study agrees with others which have 
demonstrated a rise in the rate of 
wound infection associated with in- 
creasing age (Fig 1). 

The clean-wound infection rate 
rises with diabetes to 10.7%, obesity 
to 13.5%, malnutrition to 16.6%; ste- 
roids did not influence the infection 
rate (2.6%) (Fig 2). 

The Local Resistance of the 
Wound.—Drains.—The clean-wound 
infection rate for undrained wounds 
was 1.53% (219 out of 14,243); with 
closed-wound suction drains, 1.8% (14 
out of 737); and with Penrose drains 
through an adjacent stab wound, 2.4% 
(43 out of 1,766). However, if the Pen- 
rose drain was brought out through 
the wound itself, the rate of infection 
rose to 4% (52 out of 1,299). 

With cholecystectomies, the effects 
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of drains were even more startling. 
Out of 1,540 cases, the percentages of 
infections were as follows: no drain, 
2.9%; stab drain, 1.8%; drain through 
wound, 9.9%; and closed-wound suc- 
tion drain, none. 

Diathermy.—The use of the electro- 
surgical knife almost doubles the in- 
fection rate in all categories (Table 
4), 

Paradoxically, in the Division of 
Neurosurgery the infection is lower 
than in any other division, yet dia- 
thermy is used for every case. 

Hospitalization.—Preoperative Hos- 
pitalization.—The longer the patient 
stays in the hospital before an oper- 
ation, the more likely he is to develop 
a wound infection. With a one-day 
preoperative stay, the infection rate 
is 1.1%; with a one-week preoperative 
stay, 2%; and if he stays in for more 
than two weeks, 4.3% (Fig 3). 

Duration and Time of Operation.— 
There is a direct relation between 
length of operating time and infec- 
tion rate. The clean rate roughly 
doubles with every hour (Table 5). 

When the operation is done be- 
tween midnight and 8 AM, the infec- 
tion rate in clean and clean-contami- 
nated categories is almost doubled 
(Table 6). This rise is most likely due 
to a loss of perfect operating tech- 
nique because of weariness. The resi- 
dent staff cannot be blamed for the 
high figures, as in this hospital a sur- 
geon has to be present at every oper- 
ation, and between midnight and 8 
AM the surgeon himself would be as 
likely to do the operation for reasons 
of speed! 









Method Clean, % 
No electrosurgical knife 1.5 
Electrosurgical knife used 2.7 





Surgical Wards.—The clean-wound 
infection rate does not differ on the 
four general surgical wards. During 
the period of this study, each of the 
eight general surgeons admitted pa- 
tients to each of the four warcs. The 
same dressing and’ isolation tech- 
niques were used. However, the 
clean-wound infection rate of zhe in- 
dividual surgeons differed signifi- 
cantly. We concluded that the surgeon 
was responsible for his clean-wound 
infection rate and that the ground- 
work for succeeding wound in<ection 
was laid in the operating room, and 
that ward care did not play a signifi- 
cant role in the development of 
wound infection. As a consequence, 
hospital regulations have been 
changed so that nurses do not wear 
gloves or masks during the perform- 
ance of wound dressings, mosz clean 
wounds are exposed after 48 hours, 
and the septic wound isolation tech- 
nique has been simplified. These three 
steps have saved much effort and ex- 
pense. 


Table 4.—Diatnermy and Wound Infection Rate 


Clean- 
Contaminated, % 









Dirty, % 
25.4 
41.7 


Contaminated, % 
6.8 12.3 
11.3 26.7 





Table 5.—Duration of Operation 
and Clean-Wound Infection Rate 


Duration of No. 
No. Infected % 


Operation, hr 
0-1 12,238 182 1.4 
1-2 4,051 114 2.8 
2-3 584 26 4.4 





Dissemination of Wound Infection 
Information.—Four steps are taken to 
acquaint the staff with wound infec- 
tion statistics: (1) A graph indicating 
the clean-wound infection rate and 
the overall infection rate is posted in 
the operating room and in all the sur- 
gical and gynecological wards. (2) The 
wound infection rate for the various 
departments are discussed at the 
monthly departmental business meet- 
ings. (3) A detailed analysis of the 
wounds that became infected during 
the previous months is published and 
displayed on notice boards in the hos- 
pital and discussed at the infection 
control committee meetings. Details 
of the type of operation, type of orga- 
nism, and so forth are given, espe- 


. . 


Table 6.—Time of Operation and Infection Rate 





Clean- 
Contaminated, % 


Hours Clean, % 


Contaminated, % Dirty, % 


8 am-4 PM 2.0 9.9 22.6 34.2 
2.3 5.7 


4 pv-midnight 


18.7 34.2 


Midnight-8 Am 6.8 18.3 16.7 26.9 


Fig 1.—Percentage of clean-wound infection associated with age 


factor. 


Percent Infected 


Age, yr 
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Fig 2.—OQther factors affecting clean-wound infection. 
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Percent Infected 


P operative Hospitalization, Days 


Fig 3.—Percettage of clean-wound infection associated with pre- 


operative hespealization. 


cially for the clean wounds that be- 
came infected (4) Every surgeon 
receives a-sixmonth computer report 
with a note stating his own, his de- 
partment’s, end the hosp‘tal’s clean 
and overall infection rates. 


Comment 


As a restk of this prospective 
study, the folowing means of reduc- 
ing the wourd infection rate (listed 
chronological y) have evolved: (1) 
short preoperative stay, (2) hexa- 
chlorophene cetergent shower before 
operation, (3) shaving kep= to a min- 
imum, (4) contamination prevented at 
operation, (5+ careful surgical tech- 
nique as enuaciated by Halstead, (6) 
as expeditious an operation as is safe, 
(7) particularware in treatment of the 
elderly, the dese, the malnourished, 
the diabetic, or when the surgeon is 


Lioyp D: MéscLean, MD, (FRCS IC), 
Montreal: This very fine study has the ring 
of truth. It is exuremely valuable for many 
reasons. Everyone is being reminded at 
frequent intervals of the hospital infection 
rate, which I think can account for an ab- 
solute decrease in the infection rate in 
their hospital ard in this study. Constant 
vigilance is reqaired, because techniques 
and antibodies which work ths year may 
not work next ear. This has been repeat- 
edly pointed out by Maxwell Finland. 

The National Research Council study 
showed that utraviole: was of marginal 
signifieance in ine refined clean case, the 
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weary, (8) no drainage through oper- 
ation wound, (9) skin and subcutane- 
ous tissues cut with a scalpel, not an 
electrosurgical knife and fine forceps 
used for coagulation caused by use of 
electrosurgical knife, and (10) dis- 
semination of wound infection statis- 
tics to all surgeons. 

Application of these principles have 
led to a steady fall in the clean-wound 
infection rate (Fig 4) and the savings 
have more than paid for the cost of 
the study.’ 


L. Reginald Adshead, President of the Cana- 
dian College of Health Service Executives, and 
N. Tait McPhedran, MD, assisted with this study. 
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operation being done through a clean area 
without drainage. The astounding part of 
that study, to me, was the difference in in- 
fection rates among the five hospitals for 
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So, I would like to ask: What do you 
think accounts for this difference in wound 
infection for clean-contaminated, for ex- 
ample, in that study of over 20% in one 
hospital, and under 5% in another hospital? 


1969 1970. 1971. 1972 


Fig 4.—Steady fall in clean-wound infection rate demonstrated 
during five-year study. 
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If you think, as we do, that this is related 
to surgical technique, have you any data to 
support the idea that surgical technique is 
important in the prevention of wound in- 
fections? It seems to me you have a unique 
opportunity here to make that sort of com- 
parison. 

Finally, a classic paper by Davidson et al 
(Br J Surg 58:326-333, 1971) separates the 
five most important factors in wound in- 
fection, and these emerged as much more 
important than anything else—that is, the 
age of the patient, the duration of the op- 
eration, the type of operation—clean, con- 
taminated, and so on—and, most impor- 
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tant, the presence of bacteria in the 
wound. A variable which they had a chance 
to compare in Britain was the origin of the 
patient, whether from a racetrack type of 
ward or Nightingale ward, the latter being 
much more hazardous to the patient. 

Do you believe, then, that because of the 
large numbers in your study, these five im- 
portant variables are randomly dispersed 
so that you can, in fact, conclude that a 
hexachlorophene wash before operation is 
valuable, or topical antibiotics really make 
a difference? 

ROBERT A. MUSTARD, MD, FRCS (C), To- 
ronto: Of course every surgeon has to deal 
with the problem of infections in his pa- 
tients’ wounds, and the problem of infec- 
tion is certainly not solved. Antibiotics 
have not solved it. All they have done has 
been to move the spectrum of infections 
over toward the Gram-negative side. 

I suspect the program Dr. Cruse has de- 
scribed has had its main impact by alert- 
ing the entire surgical and nursing staff 
of his hospital to the problem of infec- 
tion, and this has made everybody more 
careful about many things. The reduction 
in clean-wound infection rate is impres- 
sive. Whether or not it is statistically sig- 
nificant, one cannot judge from the figures 
he has given. 

I wonder whether he considers the re- 
duction in clean-wound infection rate to be 
due mainly to specific factors, or whether 
he thinks it is largely due to a general 
tightening-up of aseptic technique and in- 
creased attention to Halsted’s principles of 
tissue handling. If the latter were a factor, 
I should think its effect should also be 
reflected in a progressively beneficial ef- 
fect on the percentage of infections in 
the clean-contaminated and contaminated 
groups, and so I wonder if there has also 
been an improvement in these figures. 

Of course the most obvious thing about 
the paper is that it suggests a lot of fac- 
tors, and it seems to demonstrate they are 
either effective or not effective. One won- 
ders whether or not these are really statis- 
tically valid findings. There are such a 
myriad of factors involved in wound infec- 
tions—systemic, local, technical, and envi- 
ronmental factors—that it is very difficult 
to isolate and measure the effect of any one 
variable, because one can seldom be sure 
that the other factors have remained con- 
stant during the test period. 

Furthermore, unless a randomized trial 
is carried out—for instance, the use of cer- 
tain hand scrubs or the use of different 
types of skin preparations, use or nonuse 
of drainage—I should think the findings 
can always be challenged on the basis of 
possible selection of cases, or perhaps the 
effect of other factors such as which sur- 
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geon is using which technique. 

Nevertheless, in spite of all such caveats, 
he has shaken our faith in some things we 
have thought were important, sucn as the 
povidone-iodine hand scrub, the plastic 
skin drapes, and the use of drains, and at 
the same time he has stimulated us to, per- 
haps, test the value of such things as a pre- 
operative hexachlorophene detergent 
shower, the elimination of shaving—some 
of my patients have tremendous masses of 
hair on their chest and abdomen. How can 
you really cut through that, and is it a 
problem, Dr. Cruse? Maybe they don’t 
grow so much hair out West. 

I would like to ask a couple of questions. 
First of all, some surgeons have begun to 
use delayed primary closure in contami- 
nated and dirty wounds, and I wonder if 
Dr. Cruse has had experience in this in his 
trial, and can he comment on its value? 

I would like to know if he has any spe- 
cific information on the types and sources 
of the infection in the clean cases? 

Finally, I would like to ask him whether 
or not he has had any experience or has 
any views on the value of the so-called 
laminar airflow system as a methed of re- 
ducing the infection rate in clean cases? 

PAuL F. Nora, MD, Chicago: I personally 
would like to address my remarks to the 
subject of drains. 

Last year at this Association meeting we 
urged that there should be more -lose at- 
tention to the use of drains in cean ab- 
dominal cases. I think Dr. Crase has 
clearly shown that the method of crainage 
is very important as it relates to zhe inci- 
dence of wound infection. We have been 


' more interested in terms of drains as a ve- 


hicle which might permit the ingress of 
bacteria intraabdominally in so-called 
clean cases. 

Recently we started to use closed-wound 
suction drains in our cholecystectomy pa- 
tients in which there was no acute inflam- 
mation, and we cultured the drains after 
we removed both the interior and exterior 
end. Although we have only a few cases, 
we see that in the interior end of tne drain 
we have no evidence of contamination, 
while obviously one would expect contami- 
nation of the exterior end of the drain. 
This is interesting, if one compares it with 
a 34% incidence of contamination at the in- 
terior ends of Penrose drains, which we 
presented at last year’s meeting. 

Our impression has been that there has 
been a lower incidence of intraabdominal 
infections and morbidity in cases drained 
with closed-wound suction drains com- 
pared to Penrose drains. My question to 
Dr. Cruse would be: In view of the fact 
that he has demonstrated a zero incidence 
of wound infections with closed-wound 
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suction drains used with cholecystectomy, 
has he any reliable data or impression that 
there is a lessening of the morbidity or the 
incidence of intraabdominal infections 
when he uses closed-wound suction drains 
compared to Penrose drains? 

Dr. CRUSE: I would like to thank Drs. 
MacLean, Mustard, and Nora for their 
comments. 

Dr. MacLean asked about the relative 
importance of the factors influencing our 
infection rate. Mr. Gordon White, from the 
University of Calgary, subjected the data 
to linear regression analysis and coneluded 
that the five most important variables 
were: the extent of contamination at oper- 
ation, the age of the patient, the duration 
of the operation, the use of drains, and the 
length of preoperative hospitalization. 

We agree with the comments that 
wound surveillance in itself will reduce the 
infection rate, initially at any rate, be- 
cause everyone becomes “consciously 
aware” of the problem. It is difficult to 
maintain this frame of mind in a hosptial. 
The most efficacious means seems tc be to 
supply each surgeon regularly with his 
own infection rate as compared to that of 
his department. 

We agree with Dr. MacLean’s cencept 
that the wound is safer with a combination 
of superb operating technique and less 
than perfect asepsis than with the combi- 
nation of perfect asepsis and poor oper- 
ating technique. 

Dr. Mustard asked about delayed pri- 
mary closure in the heavily contaminated 
wound. This technique reduced our dirty- 
wound infection rate from 40% to less than 
10%. | 

Shaving—of course, the profusely hairy 
areas have to be shaved. We request the 
staff to shave the patients as close to the 
time of operation as possible. Where shav- 
ing is required, we have been try-ng to 
avoid the skin nicks associated with = razor 
by using electric clippers and electric 
shavers. 

Dr. Nora asked about the value of the 
closed-wound suction drain. We feel that 
the added expense of this drain is justified 
by the lowering of the wound infection 
rate alone. It has the further advantage of 
reducing nursing time. A small prospective 
study at the Foothills Hospital showed that 
Penrose drains required five times as much 
nursing time to do dressings as did closed- 
wound suction drains. The latter only have 
to be emptied once a day. 

We have no hard facts on the value of 
closed-wound suction drains in reducing 
intraabdominal sepsis, but it is our impres- 
sion that patients who have had a cholecys- 
tectomy have less morbidity with these 
drains than with Penrose drains. 
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Primary Fibrosarcoma of Bone 


Fibrosarcoma: The malevolent tendency to expand bone and 
mimic! As varied as are its de- thin the cortex, which it fre- 
grees of aggression, so too are quently violates to invade the 
its roentgen manifestations! perifocal soft tissues. Classic 

Classically, these tumors are though these roentgen findings 
centrally placed and usually fail may be, fibrosarcomas have a 
to produce much new bone. penchant for assuming the trap- 
More common in adults, they pingsofentirely different tumors. 
favor long bones—especially Witness the following, al! of 
the lower limbs. They have a which are verified: 


Case |— A 53-year-old man had this huge extraosseaus mass in 
his right groin. Lytic at its site of origin in the pubis (x), which 
was fractured (arrow), its extensions into the pelvic (y) and groin 
(z) contained clouds of amorphous calcific debris not unlike that 
seen in chondrosarcoma. Certainly, there was reason to believe 
the lesion to be a chondrosarcoma arising in the pubis. Yet it 
proved to be a primary fibrosarcoma. 


Case Il—This young man of 18 years had 
pain and swelling for several months. His 
fibular lesion was medullary in origin and 
destroyed both spongiosa and cortex with 
equal avidity. The tumor had b eached the 
bony cortex and had invaded perifocal soft 
tissues. In addition to the pathologic frac- 


Radiographs and caption material from the American ture (arrow), there also was considerable 
College of Radiology—An Atlas of Tumor Radiology amorphous periosteal new bone deposited 
Yearbook Medical Publishers, Inc. Reprints of this along its lateral margin (a). In a young 
and subsequent reports available upon request. adult, would you not have called this tumor 
Please write Eastman Kodak Company, Dept. 740, an osteosarcoma? It, too, was a primary 
Radiography Markets Division, Rochester, N.Y. 14650. fibrosarcoma. 





Case III—This was a 30-year-old 
man who was first thought clini- 
cally to have a giant-cell tumor 
(Fig. A). The postoperative diag- 
nosis at that time was benign 
nonosteogenic fibroma. But, 29 
months later (Fig. B) the lesion 
had changed dramatically. Now 
the distal femur had been fur- 
ther destroyed and was more 
cystic. However, a degree of 
marginal sclerosis was still evi- 
dent, and soft-tissue exposures 
revealed a large extraosseous 
tumor mass. Certainly, one 
would have called this a ‘‘malig- 
nant giant-cell tumor.” It was 
not; it was another primary 
fibrosarcoma! 


Case IV—This was a 
69-year-old man. His 
distal fibula had 
been replaced by an 
expanding bone- 
destroying tumor, 
which had left in its 
wake this peculiar 
septate and honey- 
comb abnormal 
bone. No semblance 
of normal spongiosa 
or cortex remained. 
Its perifocal soft- 
tissue extensions (ar- 
rows) were abun- 
dantly clear. Rather 
than an angiomatous 
tumor, which logic 
and experience 
would have dictated, 
this also proved to 
be a fibrosarcoma. 
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Our commitment to quality—and to you—is one of 
the reasons you can have confidence that the Kodak 
x-ray film you use will do the job you want it to do. 
Case V—A woman 65 years old, com- And do it well. 
plained of a patiedingie fracture. The And you can have equal confidence that the x-ray 
proximal half of t= tibia had b2en in- film you need for your diagnostic program is available 
vaded by a central located ostəolytic from Kodak, because we offer you a broad range to 
lesion within the center «of which lay choose from—each film designed for a specific medi- 
flocculent calcific debris (x) not unlike cal radiographic requirement. 
that seen in chanerosarcoma Note- And now, we are extending your choice with the 
worthy was the tbl absence of new new KODAK X-OMATIC Films—a totally new approach 
bone formation. Om might have con- to improved image quality. 
sidered this an enchondroma that had Each of these films gives you the timesaving advan- 


undergone chondëcsarcomatous degen- t i 
Té : a O m - - 
eration. Instead, it proved to be a pri- ges of automatic 90-second process 


i ing. 
mary fibrosarcoma. : 
Primary fibrasimeoteas in bone are Contact your Kodak Technical Sales 


uncommon. To ma@k=the:diagnosis radio- Representative for a demonstration or 
logically, one must bear it in mind con- consult your medical x-ray products 


stantly, particularly when the tumor ap- dealer. 
pears in the lower fimb of an adult with 


atypical clinical or mentgen findings. Kodak quality. It’s worth considering. 





There are never-ending 
wars in America 





There is ongoing strife with self, society, serenity, and sanity. 
Against the inner pains and outer pressures which confront us con- 
stantly, some people cope calmly. Some don't. 


Psychiatrist Jan Fawcett presents a collection of articles by con- 
cerned researchers who have sought to delve into the whys and where- 
fores of those explosions of human pathological aggression in this 
society. 


Read Dynamics of Violence. Read it critically. Read it with com- 
passion and with concern. Become aware of the sometimes intangible 
pressures frequently exerted on others--pressures that may produce 
all too tangible results. Then look at your community and its re- 
sources. Reach out. Try to understand, to help. To seek. To solve. 


Dynamics of Violence 


Edited by Jan Fawcett, M.D. 
198 pages, $3.95 
Available from the American Medical Association 


American Medical Association 
535 North Dearborn Street/Chicago, Illinois 60610 


Send me________copy(ies) of Dynamics of Violence 
$3.95 (OP-240) My payment of $:_____'s enclosed. 
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Self-Paced Individualized Instructional 
Packages for Education in Surgery 


W. Clayton Dav= MD, Paul E. Hodgson, MD, Omaha 


We have utilize the subject outline for 
part Il of the National Board of Medical Ex- 
aminers Examinacinn listed under surgery to 
identify the areas our students should learn 
and our faculty sould teach. We have iden- 
tified the essentæl elements of surgery by 
subdividing the aseve areas inte segments 
of these broad arztomic and general cate- 
gories. We identified each essential element 
as knowledge or sill. We developed these 
into two categosies of expected expertise. 
We believe that self-paced individualized in- 
structional packazes are a valuable addition 
to education in surgery. 


“What is past is prolegue—” 
William Siakespeare, Tae Tempest 


ducational forms change. Stu- 
dents enc2r medical school bet- 

ter prepared zy a variety of teach- 
ing/learning -metheds. Students are 
expecting, even demanding, more in- 
volvement wi- and more attention 
from their faa ity.’ A faculty of sur- 
geons must. develop a variety of ways 
to deliver thea message. This report 
covers an effoxt oy the Department of 
Surgery at tre University of Ne- 
braska College cf Medicine to provide 
an undergraceate surgical curricu- 
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lum, which can be offered to students 
in various settings by a variegated 
faculty, with some degree of uniform- 
ity. 

For three years our department has 
had a committee of faculty, residents, 
and students working to improve the 
curriculum. We have examined educa- 
tional techniques under the guidance 
of educators from secondary schools 
and universities. We have identified 
performance objectives harmonious 
with the scope of knowledge and de- 
gree of skills we hope students will 
achieve. As a faculty, we have placed 
a priority on surgical subjects and 
skills to serve as a guide to students. 


Essential Elements 
of Surgery 


As one of many departments whose 
students are tested by examinations 
prepared by the National Board of 


Medical Examiners, we have used the 
subject topographic outline of the Na- 
tional Board’ as the framework for 
defining the essential elements of 
surgery. 

Under each subject or anatomic 
heading we selected the knowledge 
and skills we believed important to 
the medical student’s base. We segre- 
gated these into two levels of under- 
standing or application (Table 1). 

It was agreed that category 1 
knowledge includes a disease or con- 
cept about which a student should 
have comprehensive knowledge. Com- 
prehensive means to us: pathogenesis, 
epidemiology, prevention, diagnosis, 
cure, and rehabilitation. Category 1 
skills were those skills that the stu- 
dent should master during the under- 
graduate curriculum. Category 2 
knowledge requires recognition of the 
general characteristics of a disease. 


Table 1.—Degrees of Student Expertise in Surgery 


Knowledge 
Category 1 
Comprehensive Knowledge: 
The student will exhibit comprehen- 
sive knowledge of these surgical dis- 
eases common to all physicians in 
the clinical disciplines of medicine 
other than surgery (50% accuracy). 


Category 2 

Knowledge of General Characteristics: 
The student will be able to recognize 
the general characteristics of these 
surgical diseases and will know where 
further information can be obtained 
(90% accuracy). 


Skills 

Category 1 

Basic Skills: 
The student will be able to perform 
those skills listed which should be 
common to all physicians in the clini- 
cal disciplines of medicine other than 
surgery (90% competency). 

Category 2 

Referral Knowledge: 
The student will be able to recognize 
the availability of these surgical pro- 
cedures but needs consultation in de- 
termining the need for performance 
and interpretation of the procedure 
(90% competency). 
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Table 2.—Stomach and Duodenum 


Knowledge 
Category 1 
Comprehensive Knowledge: 
1. Duodenal ulcer 
(a) Perforated duodenal ulcer 
(b) Bleeding duodenal ulcer 
(c) Pyloric obstruction 
2. Gastric ulcer 
3. Gastric cancer 


Category 2 
Knowledge of General Characteristics: 
1. Other tumors of the stomach 

(a) Lymphoma 

(b) Leiomyoma 


. Foreign body, bezoars 

. Mallory-Weiss syndrome 

. Zollinger-Ellison syndrome 

. Postgastrectomy syndromes 


Category 2 skills are those special 
skills requiring referral to a physician 
specialist. An example of how cate- 
gorization was developed is shown in 
Table 2. 


Learning Packages 


Selective and individualized learn- 
ing packages’ were developed to focus 
on specific topics of category 1, 
knowledge and skills. A medical stu- 
dent gains knowledge and under- 
standing from a variety of experi- 
ences and sources. We believed that 
surgical learning packages (SU- 
PAKS) could demonstrate how to ap- 
proach surgical problems. The SU- 
TECS were designed to introduce 
technical skills. We have prepared 28 
learning packages devoted to surgical 
knowledge (SUPAKS) and two learn- 
ing packages to help develop surgical 
skills (SUTECS). These are listed in 
Table 3. 

Starting with the premise that clin- 
ical medicine is learned rapidly and 
best in a setting with patients and 
their problems, we also realized that 
there is no way a faculty can control 
disease to supply a uniform experi- 
ence to each student. SUPAKS offer a 
base of uniformity and give self- 
learning an immediate purpose. The 
goal of the SUPAKS is to improve the 
learning of surgery. The SUPAKS 
are organized in the following for- 
mat: concept, subconcept, objectives, 
pretest, learning activities, and post- 
test. 
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Skills 
Category 1 
Basic Skills: 
1. Gastric analyses 
(a) Standard 
(b) Augmented histamine test 
(c) Hollander insulin test 
(d) 12-hour overnight collection 


Category 2 

Referral Knowledge: 

1. Operations 
(a) Gastroenterostomy; 

pyloroplasty 

(b) Partial gastrectomy 
(c) Total gastrectomy 
(d) Vagotomy 

2. Gastroscopy 

3. Cytology 

4. Operations for marginal ulcer 





Concept and  Subconcepts.—The 
learning packages begin with a suc- 
cinct positive statement of the con- 
cept to be learned. In the past, we 
have felt compelled to teach the broad 
structure of the field of knowledge 
that is surgery. In selecting single 
concepts, we took heart from Bruner,’ 
who emphasizes the importance of 
teaching specific topics and skills in 
relation to a broad field. Subconcepts 
enlarge the primary concept keeping 
it succinct and positive. 

Performance Objectives.—P2rform- 
ance objectives describe what zhe stu- 
dent will be able to do after he com- 
pletes a package. Mager’ states: “The 
most important characteristic of a 
useful objective is that it identifies 
the kind of performance that will be 
accepted as evidence that the learner 
has achieved the objectives.” For the 
most part we allow the student to 
self-evaluate his performance since 
the SUPAKS are self-challenges that 
are self-paced. 

Learning Activities.—-The learning 
activities have stressed textbook ref- 
erences. The SUPAKS permit the use 
of a variety of learning materials and 
learning activities that can be 
changed easily. As we review each 
package, other learning aids are 
added. 

Pretest and Posttest.—The pretest 
fixes the student’s attention. In addi- 
tion, it permits the student tc deter- 
mine where he stands in his compre- 
hension of the subject and its concept. 
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Clinical Evaluation of Arterial 
Impairment 

Acute Arterial Ischemia in the 
Extremity 

Chronic Lower Extremity Ische- 
mia 

Treatment of Dilating Diseases 
of Arteries 

Management of Hypovolemic 
“Shock” 

Surgical Aspects of Duodenal 
Ulcer 

Intestinal Obstruction 

Gallbladder Disease 

Extrahepatic Obstructive Jaun- 
dice 

Varicose Veins 

Burns 

Tumors of the Colon and Rec- 
tum 

Carcinoma of the Lung 

Abdominal Trauma 

Portal Hypertension 

Thromboembolic Venous Dis- 
ease 

Thoracic Trauma 

Diverticular Disease of the 
Colon 

Surgical Thyroid Disease 

Appendicitis 

Indications for Splenectomy 

Extracranial Cerebrovascular 
Occlusive Disease 

Wound Healing 

Breast Cancer 

Cardiopulmonary 
tion 

Hiatus Hernia 

Fluid and Electrolyte Therapy 
and Acid Base Balance 

Inguinal and Femoral Hernia 

SUTECS 

Sigmoidoscopic Examination 

Basic Surgical Technics (Pigs’ 
Feet) 


Resuscita- 





The posttest focuses on the appli- 
cation of the concept to the diagnosis 
and management of problems pre- 
sented by case histories. 


Evaluation 


Acceptance of the learning pack- 
ages has been mixed. Individual stu- 
dent reaction has been good once they 
understood the aims of these pack- 
ages. For the last eight months our 
students have been requested to an- 
swer a questionnaire designed to be a 
constructive critique of the clerkship 
as well as a special evaluation of the 
SUPAKS. Forty-five (50%) of the stu- 
dents have chosen to complete this 
evaluation: 21 considered them excel- 
lent, 21 good, 3 fair, and 0 poor. Fac- 
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ulty reaction has been exce lent from 
those who prezered the SUPAKS. Of 
the 23 residemts and faculty at six 
hospitals who are actively involved in 
teaching and who could be employing 
the SUPAKE during the primary 
clerkship, 21 (91%) reported that they 
utilized the SUPAKS in student 
teaching. Those who utilized the SU- 


1. Lattimer JE What the current medi- 
cal student desimes from the surgical fac- 
aly Bull Am C> Surg 56:64-72, 1968. 

Preparing ter National Boards. Na- 
tional Board iner 18:1-4, 1971. 
3. Kapfer PC. Swenson %&: Individ- 


HaRoLp B. Hawey, JR., MD, Roanoke, 
Va: Drs. Davis and Hodgson have accom- 
plished much w-th their superb educational 
packets for surzizal teachers. 

In the surgica. clerkships at the Univer- 
sity of Virginis in Reanoke, SUPAKS are 
being used. The clerkship directors, Dr. 
Robert Berry amd Dr. Joseph Bono, are 
using them differently. This difference is 
the theme of my comments. 

SUPAKS and SUTECS are not substi- 
tutes for the teacher. Ther allow the 
teacher to come=ntrate teach ng time on 
specific patiemts rather tham imparting 
facts. This is what your students want. 

A key questiea is the following: What do 
SUPAKS do thet textbooks den’t? The an- 
swer is that a Sextbook is all-inclusive and 
doesn’t order the priorities of learning or 
apply directly = -ndividual students or pa- 
tients. SUPAK= provide the teacher with a 
format on which to give orders of priority 
to the student, «hus separating knowledge 
into that whie> che student must master 
and that whicm ne must know generally. 
Then, the surg eal teacher car indicate his 
own priorities to» the student. The key an- 
swer is that 5_PAKS provide a frame- 
work for indivdaalization of learning un- 
der guidance. 

I have two suggestions. First, involve 
the student by having him define his own 
learning objectives in writing. In most 
cases, the surg:cal teacher can then dem- 
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PAKS report their use for two to four 
hours per week with an average of 2.5 
hours per week. 

Surgical education shares problems 
with other areas of professional edu- 
cation. In regard to legal education, 
Abraham Goldstein’ stated: 


We must give up the myth of omnicompe- 
tence which underlies the existing course 
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Discussion 


onstrate how the SUPAK will help the stu- 
dent accomplish his objectives. 

The second suggestion is important. Sur- 
gical teachers should use the Nebraska 
packets as models that they will modify 
and use expressions of their own knowl- 
edge, philosophy, and practice. 

We worry about too few students enter- 
ing surgery. One way for us to attract 
them is to improve our teaching methods. 
Doctors Davis and Hodgson have shown us 
one way to do this by giving us a format by 
which we can adapt our teaching to the 
needs of individual students. 

MORRISON SCHROEDER, MD, Milwaukee: 
This ingenious innovation should improve 
the effectiveness of the education of medi- 
cal students. All realize the inefficiency of 
many of our efforts at education. 

However, two most important factors in 
the success of education are commitment 
to learning by the student and commit- 
ment to helping the student learn by the 
faculty (I prefer “helping to learn” to 
“teaching”’). 

The first factor is largely under the con- 
trol of the admission committees. How- 
ever, our commitment to helping students 
to learn requires our continual effort to re- 
strain our enthusiasm for running a ser- 
vice or pursuing research to the neglect of 
students. This study underlies the commit- 
ment of the Nebraska group. 

Dr. Davis: First, I would like to thank 
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of study. Until we do so, legal education 
will resemble entirely too much an antenna 
careening wildly in search of a signal to 
give it direction. 

As we become more effective in re- 
sponding to the challenge to improve 
surgical education, our students will 
consider surgery as important in 
their education as we believe it to be. 


Objectives. Palo Alto, Calif, Fearon Pub- 
lishers, 1962, p 13. 

6. Goldstein AS: Legal education. Yale 
Alumni Magazine 34:19, 1970. 


Dr. Haley very much. I would remind the 
audience that this has been a group effort. 
There can be no individual credit except to 
Dr. Musselman, who stimulated us to this 
endeavor. When he first brought this sub- 
ject to our curriculum committee, it did not 
sound very valuable to me. Now, like the 
apostle Paul, being a convert, I am an en- 
thusiast. 

Dr. Haley, we certainly appreciate your 
comments, and we agree with you. Dr. 
Musselman began a couple of years ago 
doing just this, asking the students to out- 
line what they wanted to learn. This devel- 
oped into a weekly chairman’s conference 
held in all the six hospitals where the pri- 
mary clerkship has been conducted. Dr. 
Hodgson has continued this. It is an excel- 
lent idea and format. 

I would like to emphasize one other 
point. These are not bibles as far as we are 
concerned. They must be continually re- 
edited. What fits everyone fits no one, and 
each student needs the individual sur- 
geon’s guidance. Our residents have cer- 
tainly taught us this. They use a different 
format than we originally proposed. We 
don’t entirely agree with it, but at least it 


gives some kind of common ground that 


everyone can start from. 

Dr. Schroeder, thank you for your com- 
ments. We certainly agree with you that 
teaching still will demand the involvement 
of the interested and enthusiastic faculty. 
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Gastroschisis 


Ten-Year Review 


J. Eugene Lewis, Jr., MD; Russell R. Kraeger, MD; 


Thirty-one infants with gastroschisis have 
been treated during the past ten years with a 
mortality of 32%. Improvement in manage- 
ment has resulted in only five deaths in the 
last 20 cases. The decrease in mortality 
seems directly related to prompt efficient 
preoperative treatment emphasizing preser- 
vation of body heat, decompression of the 
stomach with a nasogastric tube and evac- 
uation of meconium with rectal irrigation. 
Stretching of the abdominal wall, gastros- 
tomy, and primary closure is the treatment 
of choice in the perinatal group. In the an- 
tenatal group, coverage of the viscera with 
a polyester-reinforced silicone elastomer 
sheeting seems very effective in providing 
adequate coverage. The use of gas analyses, 
respiratory assistance, and parenteral ali- 
mentation allows support of the infant until 
the abdominal wall can be closed and orally 
administered nourishment established. 
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Richard K. Danis, MD, St. Louis 


Ela tena ts -is a full-thickness 
cleft in the abdominal wall 
through which evisceration occurs. 
Rare as this condition is, it does not 
seem as uncommon as the literature 
would indicate. However, operative 
treatment of this entity is manda- 
tory, and the death rates have been 
high.'-* 

During the past ten years, a total 
of 31 infants have been treated, with 
a death rate prior to 1966 of 80%. 
From 1966 through 1972 the death 
rate had decreased to 23%. It is our 
purpose to review our experiences 
with gastroschisis and to suggest 
some techniques of management that 
may result in a lower mortality. 


Embryology 


Gastroschisis results from tae fail- 
ure of differentiation of the embry- 
onic mesenchyma forming the so- 
matopleurae of the lateral abdominal 
wall. This occurs during the third 
week of embryonic life. The closing of 
the body of the embryo is accom- 
plished by the circumferential folding 
of four folds. These folds are tae con- 
densation of embryonic mesenchyma 
and are called the cephalic, the cau- 
dal, and the two lateral folds. Each 
fold has somatic and splanchnic lay- 
ers. The somatic layer of the cephalic 
fold forms the thoracic and epigastric 
walls. The somatic layer of the caudal 
fold forms the hypogastric wall, and 
the somatic layers of the lateral folds 
form the lateral walls of the abdo- 
men. The apex of these folds forms 
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the future umbilical ring. Failure of 
localized differentiation and subse- 
quent resorption of embryonic mes- 
enchyma in any of these folds result 
in a circumscribed defect in the ven- 
tral wall of the embryo. If failure of 
differentiation involves the cephalic 
and caudal folds, ectopia cordis and 
extrophy of the bladder and cloaca, 
respectively, will result. Gastroschisis 
results because of failure of the so- 
matic layer of the lateral folds to dif- 
ferentiate. Resorption of the ecto- 
derm adjacent to somatopleurae leads 
to a paraumbilical full-thickness de- 
fect in the anterior abdominal wall.** 
Gastroschisis differs from omphalo- 
cele in that the teratogenic action 
prevents localized differentiation of 
the mesenchymal fold and not its mi- 
gration. The extra embryonic coelom 
is obliterated and the midgut occupies 
the peritoneal cavity until this re- 
sorption occurs. Therefore, unlike om- 
phalocele, the peritoneal cavity has at 
one time been occupied by the vis- 
cera... Moore and Stokes’ differ- 
entiated gastroschisis from ruptured 
omphalocele by these criteria: (1) an 
extra umbilical abdominal wall de- 
fect; (2) a normal umbilical cord inser- 
tion; and (8) a lack of covering sac or 
its remnant. 


Pathology and Patients 


Our patients include 16 male infants and 
15 female infants. Other reperted series 
also fail to indicate a strong predilection 
for one sex over another.** The maternal 
histories were not important. 

Prematurity was present by history in 
13 patients and 16 patients weighed less 
than 2,300 gm. Seven of the total of ten 
deaths occurred in this group. 

The defect was to the right of the umbil- 
icus in all cases and varied in size from 2.0 
to 8.0 cm. Defects to the left and above the 
umbilicus have been reported, as well as 
defects measuring up to 15 cm.'* 

Small bowel and colon participated in 
the evisceration in all patients, the stom- 
ach in ten, and the bladder and uterus in 
two. Major associated anomalies are con- 
sidered rare." However, all of our pa- 
tients had nonrotated bowels, which un- 
doubtedly is related to the herniation that 
prevents normal fixation of the mesentery. 
This predisposes to volvulus and gangrene 
of the intestine. Gangrene can also result 
from compression of the blood supply by a 
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Table 1.—Mortality 


Weight, gm 


1969-1972 
Antenatal,3 


Perinatal”? 


small abdomina wal defect. This occurred 
in six infants, plarime a majcr role in the 
death of four. Twe dber infants survived 
surgical cerreetion. In addition, biliary 
atresia, jejunal atresia, and ileal atresia 
contributec te tne deaths of three infants. 
On the other tend. Bown syndrome and a 
ventricular septal defect were present in 
one surviver, and prleric stenosis, duode- 
nal stenosis, and a Meckel diverticulum oc- 
curred individually m other surviving in- 
fants. 

On the basis of tae appearance of the 
herniated bowel, we classified each evis- 
ceration as amcenetal or perinatal in type 
as suggested by Moore.' In the antenatal 
type, presumatly the evisceration occurs 
early in pregmaacj end has been relatively 
long-standing. The eviscerated mass of in- 
testines is rigic, dssteaded, thickened, and 
covered witha very nz thicknesses of a gel- 
atinous matriz. Pevistalsis is absent. Iden- 
tification ef specifie components is diffi- 
cult. The mesentery is thick and edema- 
tous. Frequently the covering exudate 
Suggests expesure « amnioczic fluid con- 
taminated wit mecemium or bacteria. The 
peritoneal cay-ty B ~elatively small, and it 
is our opiriom tka replacement of the 
eviscerated bowel and primary closure of 
the defect is «mpossible. There were 13 
eviscerations 7 the antenatal type in this 
series. All other t7pf2s were grouped arbi- 
trarily in the pern.tal type and included 
18 infants. In this group presumably, evis- 
ceration oecurs-very late in pregnancy and 
may be indueed br uterine contractions 
prior to omduring aetive labor. Serosal and 
mesentery reactien may vary from min- 
imal to mederate “he bowe has not lost 
its elasticity, anc the surfaee exudate is 
minimal, The orimary reason for including 
the evisceration m the periratal group is 
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4 peritonitis 

3 prematurity 

3 associated anomalies 

1 resection of gangrenous 
intestine 

1 aspiration pneumonia 


Prematurity, resection of 
gangrenous perforated ileum, 
peritonitis 


1 massive meconium aspiration 
2 prematurity 
2 massive resections of 
gangrenous intestines 
1 aspiration pneumonia 
1 Pseudomonas septicemia 
and prematurity 


Table 2.—Gastroschisis: 
Total Experience 


1962-1972 





No. of 
Patients 


Perinatal 
18 2 11 
Antenatal 
13 8 44 
Total 
31 


Deaths Mortality, % 











that the peritoneal cavity is capable of re- 
ceiving the eviscerated bowel with primary 
closure of the abdominal wall. Obviously 
this arbitrary classification eliminates the 
use of the intermediate classification by in- 
cluding them in the perinatal group on the 
basis that primary closure is possible. 
Eighteen infants are included in this 
group. 

Bowel length has not been measured. 
The measurements are very unreliable in 
the antenatal type and of questionable 
merit in the perinatal type. 


Surgical Treatment 


In 1963 Moore’ emphasized that the 
major factors influencing operative 
survival in cases of gastroschisis are 
the prematurity of the infant, the 
existence of additional malforma- 
tions, the promptness of the oper- 
ation, and the disparity between the 
eviscerated mass and the peritoneal 
cavity. If sepsis is added to these fac- 
tors, they are very pertinent in our 
experience with 31 infants. Sepsis 
played a major role in all ten deaths 


of the series. Prematurity was pres- 
ent in seven of the ten deaths. Gan- 
grenous intestines requiring massive 
resection were crucial in four deaths, 
with intestinal atresias and biliary 
atresia participating in three deaths. 
There were no operative deaths. 
Early surgery is very important in 
preventing or minimizing gross bac- 
terial contamination, as well as 
reducing heat and fluid loss. Preoper- 
ative management becomes as impor- 
tant as the surgical repair. The ex- 
posed viscera are supported and 
covered with warm saline sponges 
and a plastic bag or aluminum foil. 
We have found that wrapping the in- 
fant in aluminum foil is very effec- 
tive in preserving body heat during 
transportation to a referral center. A 
nasogastric tube must be inserted to 
evacuate air and secretions and to 
prevent regurgitation and aspiration 
of gastric secretions. An intravenous 
catheter is inserted in the upper ex- 
tremity. Administration of broad 
spectrum antibiotics is begun. Re- 
cently, we have favored oxacillin so- 
dium (Prostaphlin) and gentamicin 
sulfate (Garamycin). Fresh blood is 
typed and cross matched, electrolyte 
levels are determined, and blood gas 
determinations obtained for effective 
correction of acidosis. Most of these 
measures are carried out in the oper- 
ating room where the infant rests on 
a warm water mattress. Surgery is 
usually accomplished within two 
hours of arrival. One maneuver that 
we have found very valuable is the 
gentle irrigation of the rectum and 
colon with warm saline. Usually a Fo- 
ley catheter is used because of its soft 
tip. The evacuation of normal meco- 
nium not only reduces the volume of 
the intestine and colon but renders it 
more malleable. Furthermore, pat- 
ency of the gastrointestinal tract is 
determined. Radiologic examinations 
have not been done. Over the years 
the preoperative preparation has not 
changed much except for more sophis- 
ticated equipment for gas analyses 
and new antibiotics. Preparation of 
the skin for surgery has consisted of 
povidone-iodine (Betadine) and warm 
benzalkonium (Zephiran) chloride. 
Draping has been accomplished with 
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towels and sheets fresh from the au- 


toclave. This additional warmth 
seems very effective in controlling hy- 
pothermia. 


The major problem that confronted 
us in the management of these cases 
was closure of the abdominal wall and 
return of intestinal function. How to 
cope with the large mass of edema- 
tous rigid bowel without causing car- 
diac and respiratory embarrassment, 
and how to manage the prolonged 
ileus with its associated problems of 
nutrition, septicemia, and obstruction 
were overwhelming. 

In the period of 1962 through 1965, 
we treated four consecutive gastros- 
chisis infants of the antenatal type. 
They all died. Granted that these 
cases included prematurity, serious 
associated anomalies, gangrenous in- 
testine, peritonitis, and aspiration 
pneumonia, we failed to cope with the 
bulk of the antenatal evisceration. 
We first attempted to cover the mass 
of intestines with skin as suggested 
by Gross and Blodgett in 1940** for 
large omphaloceles. This technique 
was not effective. As a matter of fact, 
we found skin closure difficult, requir- 
ing considerable forceful reduction of 
the viscera, skin line tension, pro- 
longed ileus, intestinal obstruction, 
and peritonitis. Attempts were also 
made to excise the thick fibrinous peel 
covering the intestines as suggested 
by Moore.: This technique proved to 
be associated with prolonged oper- 
ative time and excessive blood loss 
and lacked any real value. 

However, the fifth infant survived. 
This infant weighed 3,000 gm and 
had a gastroschisis of the perinatal 
type. The defect was enlarged from 
the xiphoid to the pubis, the abdomi- 
nal wall stretched, a decompressing 
gastrostomy done, and the abdominal 
wall closed in layers. The infant made 
an uneventful recovery. It seemed to 
us that the abdominal wall of the 
newborn infant readily stretched to a 


large size in low intestinal obstruc- 


tion. Therefore, manual stretching 
should allow us to provide ample room 
for replacing the eviscerated mass in 
all of the perinatal types. This has 
proved to be true. Some of the infants 
have had transverse incisions; the 
majority have had vertical enlarge- 
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ments of the defect." | 


From 1966 through 1968 six addi- 
tional patients were treated, with 
five survivals, all of the perinatal 
type. In each instance, stretching of 
the abdominal wall allowed ample 
space for primary closure without car- 
diac or respiratory embarrassment or 
vena cava compression. Our only mi- 
nor complication was the observation 
that the gastrostomy skin opening 
stretched with the enlargement of 
the abdominal cavity and that spon- 
taneous closure of the skin opening 
required a longer period after the 
catheter was removed. No operative 
closure was necessary. A cotton ball 
moistened in alcohol provided an ex- 
cellent covering while the skin mar- 
gins closed. 

One death occurred during this pe- 
riod in a premature infant weighing 
1,725 gm who required resection of a 
gangrenous, perforated ileum and 
anastomosis. The gastroschisis was 
antenatal in type and only skin cov- 
ering could be accomplished. Subse- 
quent exploration with resection of 
gangrenous jejunum resulted in 
death 14 days after birth. 

From 1969 through 1972 there were 
20 cases with five deaths. Of the 15 
survivals, ten were perinatal in type 
and had successful primary closure, 
and five were antenatal in type. A re- 
view of the deaths reveals that two 
deaths were in the perinatal group, 
and three were antenatal in type. Of 
the antenatal group, two were prema- 
ture and required massive resection 
of gangrenous bowel resulting from 
volvulus. Death resulted from peri- 
tonitis and septicemia. The third in- 
fant with antenatal gastroschisis 
died because of massive meconium as- 
piration. The two deaths of the peri- 
natal type were tragic. One infant 
was brought to the hospital after 36 
hours. On arrival at the hospital, the 
infant had a large amount of bile- 
stained secretions in the pharynx and 
repeatedly regurgitated bile-stained 
material because there was no naso- 
gastric tube. The importance of gas- 
tric decompression was proved tragi- 
cally here. Repair was accomplished 
easily, but the infant died of aspira- 
tion pneumonia. Another infant 
weighing 1,725 gm had a simple re- 


pair but developed a fulminating 
Pseudomonas pneumonia on the 
fourth postoperative day and died on 
the seventh postoperative day. 

The five infants with antenatal 
types were managed according to the 
principles of Schuster,” Allen and 
Wrenn," and Gilbert et al.'t The de- 
fect was enlarged and the abdominal 
wall stretched. A decompressing gas- 
trostomy was done. The bowel was re- 
turned to the peritoneal cavity, and 
closure was accomplished by suturing 
polyester-reinforced silicone elasto- 
mer sheeting to the peritoneum and 
fascial margins, covering the thick- 
ened bowel with the sheeting. Sutur- 
ing was accomplished with synthetic 
sutures. We have used two halves, a 
single sheet, and a silo type of cov- 
erage. The silo type was probably 
easiest to handle. The skin was left 
open. Closure of the skin was at- 
tempted in one case, and necrosis of 
the skin margins occurred. The sili- 
cone elastomer sheeting was tight- 
ened as the bowel lost its edema and 
thickened matrix. The sheeting was 
cleaned daily with balls of cotton 
moistened with neomycin sulfate, 
polymyxin B sulfate, and bacitracin 
solution. In two weeks a pseudoperi- 
toneum covered with a lymph coag- 
ulum was present below the sheeting. 
However, the rectus margins could 
not be visualized without dissection. 
Depending on the patient, the pros- 
thesis was removed in two to three 
weeks, the lymph coagulum removed, 
and the skin closed. We preferred to 
repair a ventral hernia at a later date 
rather than to interfere with the in- 
fant’s progress. One patient had a 
ventral hernia repaired two years af- 
ter removal of the prosthesis. The sac 
was free of adhesions, and the peri- 
toneal cavity looked completely in- 
violate. The repair was easily accom- 
plished in layers. The remaining 
infants have not required a hernia re- 
pair. In this successful group of an- 
tenatal types, parenteral alimenta- 
tion was valuable because bowel 
activity was delayed two to three 
weeks following surgery. Respiratory 
assistance during surgery and in the 
postoperative period has played an in- 
creasingly important role in tne sur- 
vival of these infants. The use of con- 
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tinuous postive airway pressure 
(CPAP) has æe1 very valuable and 
will prove te Se even more important 
in future case management. We have 
not used intestmal intubation,‘ be- 
cause the techaicue necessitates addi- 
tional operat- time and bowel han- 
dling. However, the technique would 
seem to have merit. 


Comment 


The major—actors influencing oper- 
ative surviva. m gastroschisis are 
prematurity, mass ve gangrenous in- 
testines secercary to volvulus or a 
constricting =bcominal wall defect, 
sepsis, premp-aess of surgery, effec- 
tive preoper=tive preparation, the 
surgical mamase nent of the disparity 
between the ev_seerated mass and the 
peritoneal caviz}, and the postopera- 
tive managemert. Despite these for- 
midable factors, a review of 31 pa- 
tients with gastroschisis treated 
during the past ten years reveals that 
much progress has been made in the 
management cf this newborn emer- 
gency. 

The availabl&®y of well-equipped 
referral centers with effieient rapid 
transportatien -œ the centers has 
played an imocr-ant role in improved 
salvage. 

Successful treatment probably de- 
pends as much on the preoperative 
Management s the surgical repair. 
Preservation cf body heat, prevention 
or correction >f metabol.c acidosis, 
nasogastric mtu ation for gastric de- 
compression, nd administration of 
antibiotics and mtravenous fluids re- 
main the essemtia' features of early 
care. We wotlc ike to emphasize the 
value of aluminum foil or plastic bags 
during transporta:ion and the use of 
the overhead haster and drapes fresh 
from the attoelave in preserving 
body heat, the use of gentamicin sul- 
fate as an efective antibiotic in pre- 
venting fulm rating Pseudomonas 
infection, and -he warm seline irriga- 
tion of the rectum and colcn for effec- 
tive deeompr=ss2on prior to surgery. 

Surgical carreetion must deal effec- 
tively with the Cisparity between the 
eviscerated mess and the peritoneal 
cavity, provitins adequate covering 
without earder2spiratory complica- 
tions or wene ceva compression. The 
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=- major problem remains the antenatal 


type. There were 13 antenatal types 
with only five survivals. However, it 
is encouraging that the five survivals 
occurred in recent years with im- 
provement in technical management. 

The perinatal types are far less for- 
midable. Eighteen of these were 
treated; only two deaths occurred. 
One of these patients died because of 
preoperative neglect and the other 
from a fulminating Pseudomonas in- 
fection. Both of these deaths were not 
related to the basic technique of clo- 
sure. 

In the surgical management, we 
believe that all patients should have 
enlargement of the defect either ver- 
tically or transversely, manual 
stretching of the abdominal wall, a 
decompressing gastrostomy, and an 
attempt at replacement of the viscera 
into the peritoneal cavity. The peri- 
natal type, with minimal to moderate 
changes in the bowel wall, can be re- 
duced with primary closure of the ab- 
dominal wall. 

With the antenatal type, partial re- 
duction of the eviscerated mass can 
be accomplished. This should be done 
without attempts at decortication, 
which we feel has little merit. Closure 
of the abdominal wall is accomplished 
by coverage of the viscera with a 
polyester-reinforced silicone elasto- 
mer sheet. The sheeting has been 
used as a patch with the margins su- 
tured with synthetic sutures to the 
peritoneal-fascia margin of the ab- 
dominal wall defect; in some in- 
stances two halves of the sheeting 
have been sutured to the abdominal 
wall and then joined in the midline; in 
others we have used the silo type of 
coverage as described by Allen and 
Wrenn" and Gilbert et al.** We pre- 
fer the silo because it allows gradual 
reduction of the thickened, edema- 
tous, rigid viscera by progressive li- 
gation of the pouch with umbilical 
tape. The skin should be left open. 
Systemically and topically adminis- 
tered antibiotics are essential in the 
care of the sac.’ A solution of ba- 
citracin, 100 units/ml, 0.5% to 1% neo- 
mycin, and 0.1% polymyxin B is used 
for topical applications. 

We do not believe that the routine 
use of a prosthesis is desirable or nec- 


essary in the perinatal type. How- 
ever, with the antenatal type a pros- 
thesis is essential. Complete closure 
of the abdominal wall is dependent on 
the absorption of the serofibrinous 
matrix covering the intestines, reso- 
lution of the edema and peritonitis, 
and resumption of peristalsis. This 
rarely can be accomplished before two 
weeks and often requires longer. 
However, a pseudoperitoneum forms 
beneath the silicone elastomer sheet- 
ing in two weeks and is well devel- 
oped in three weeks. We prefer to 
remove the prosthesis, excise the sur- _ 
face lymph coagulum, and close the 
skin. Closure in layers can be 
accomplished only with considerable 
traumatic dissection and does not 
seem justified. Earlier resumption of 
peristalsis and oral nutrition can be 
accomplished. If a ventral hernia de- 
velops, a repair can be accomplished 
much later with ease and little risk. 

The use of sophisticated methods of 
respiratory assistance such as CPAP 
may be of great assistance in the 
postoperative period. In addition, in- 
travenous alimentation will sustain 
adequate nutrition until normal 
bowel function returns. 

Anomalies are rare but an occa- 
sional atresia will occur. If serosal 
reaction is minimal, resection and 
anastomosis seem justified. In most 
instances the atresia would be best 
left alone. With intravenous alimen- 
tation, one can wait for resolution of 
the bowel edema and return of nor- 
mal elasticity. At this time, resection 
and anastomosis could be done with 
minimal risk. This should be possible 
in two or three weeks. 


References 


1. Moore TC: Gastroschisis with antena- 
tal evisceration of intestines and urinary 
bladder. Ann Surg 158:263-269, 1963. 

2. Denes J, Leb J, Lukacs FV: Gastros- 
chisis. Surgery 63:701-705, 1968. 

3. Rickham PP: Rupture of exomphalos 
and gastroschisis. Arch Dis Child 38:138- 
141, 1963. 

4. Rangarathnam CS, Lal RB, Swenson 
Cg er ee Arch Surg 98:742-748, 


5. Duhamel B: Embryology of exoph- 
thalmos and allied malformations. Arch 
Dis Child 38:147, 1963. 

6. Izant RJ Jr, Brown F: Rothmann BF: 
Current embryology and treatment of gas- 
troschisis and omphalocele. Arch Surg 
93:49-53, 1966. 


Gastroschisis/Lewis et al 221 


: a, 


7. Moore TC, Stokes GE: Gastroschisis. 
Surgery 33:112-120, 1953. 

8. Gilbert ME, et al: Management of 
garom hais and short bowel: Report of 17 

ases. J Pediatr Surg 5:598-607, 1972. 

9. Judd DR, Wince L, Moore TC: Gas- 
troschisis: Report of two cases successfully 
treated. Surgery 58:1033-1036, 1965. 

10. Schuster SR: A new method for 
staged repair of large omphaloceles. Surg 
Gynecol Obstet 125:837-850, 1967. 

11. Allen RG, Wrenn EL: Silon as a sac 
in the treatment of omphalocele and gas- 
troschisis. J Pediatr Surg 4:3-8, 1969. | 

12. Gross RE, vs i JB: Omphalocele 
in the newly born. Surg Gynecol Obstet 
71:520-527, 1940. 

13. Lewis JE: Atlas of Infant Surgery. 
St. Louis, CV Mosby Co, 1967. 

14. Gilbert MG, et al: Staged surgical re- 
pair of rge omphaloceles and gastros- 
chisis. J Pediatr Surg 3:702-709, 1968. 


Discussion 


ROBERT J. IZANT, JR., MD, Cleveland: 
About seven years ago we reported an im- 
proved mortality before this association, 
and now we have further evidence pre- 
sented by Dr. Kraeger. Why this occurred 
is the gist of my comments. 

It is because of the attention, as has 
been pointed out, to the respiratory sup- 
port systems, the keen attention also to 
preventing sepsis, and disseminated intra- 
vascular coagulopathy so common in these 
patients. Hyperalimentation in our hands 
has played a part in reducing the mortal- 
ity, too, as I am sure it has with the St. 
Louis group. Techniques of abdominal en- 
largement have changed also, which im- 
proved the mortality. 

People should be reminded to be free 
with using hyperalimentation but to pay 
careful attention to it. A patient whose 
bowel looked dead was referred for hyper- 
alimentation a number of years ago when 
we first started doing hyperalimentation. 
Resection of all the small bowel and right 
colon was done in another city, and then 
the patient was referred to us for hyperali- 
mentation. The duodenum was hooked to 
the transverse colon, and that was hardly a 
salvageable situation with only 16 cm of 
intestine past the duodenum. 

The thing to remember also is that the 
gastroschisis should be differentiated from 
the amphalocele, and the wall of the abdo- 
men can be stretched up or a temporary 
prosthesis can be used, or both, as opposed 
to an omphalocele where a great deal of 
bowel wall is missing and a temporary 
prosthesis is necessary most of the time. 

CoLIN C. FerGuson, MD, Winnipeg, 
Manitoba, Canada: I wish to mention an 
adjunct to postoperative care, which my 
colleagues in Winnipeg, Drs. Roberts and 


222 Arch Surg/Vol 107, Aug 1973 


Wiseman, believe hastens the return of the 
large antenatal, edematous gastroschisis 
from the silicone elastomer sac te the ab- 
dominal cavity. 

This is the application of constant nega- 
tive pressure around the infant’s abdomen 
and thorax. This was first discovered to be 
useful by chance. A premature baby, born 
with a large gastroschisis, also had res- 
piratory distress syndrome. To treat this, 
constant negative pressure to the abdomen 
and thorax was used. 

. The baby was placed in a negative pres- 
sure incubator. The negative pressure was 
maintained at 6 cm H,O by a motor. A dia- 
phragm was placed around the baby’s neck 
so that the head and upper neck were at 
normal atmospheric pressure, but the re- 
maining part of the baby was at negative 
pressure. 

In this first baby the respiratory distress 
syndrome rapidly improved and the gas- 
troschisis, which previously had shown no 
tendency to return to the abdomen, re- 
duced quite quickly so that closure of the 
defect could be achieved four days later. 
Subsequently, two other infants with an- 
tenatal gastroschisis have been treated in 
this manner, with quite rapid reduction of 
the silicone elastomer sac contents. 

The rationale for the use of constant 
negative pressure is not entlirely clear. We 
believe either it increases the compliance 
of the abdominal wall, thus permitting en- 
largement of the peritoneal cavity rather 
than the rigid silicone elastomer sac, or 
that it decreases the marked venous con- 
gestion of the edematous extruded bowel, 
thus reducing its volume. Perhaps both 
factors play a role. 

WILLIAM B. KIESEWETTER, MD, Pitts- 
burgh: I have one comment and one ques- 
tion. 

The comment is that one of our resi- 
dents, a couple of years ago, being board 
certified in pediatrics, began to loek at the 
immunoglobulins in these patients with 
gastroschisis. To his surprise, he found 
that they were markedly reduced. He did a 
similar study on those with omphaloceles 
with an intact sac, and found the globulins 
perfectly normal. He then reviewed a 
group of about 15 previously operated on 
patients with omphalocele or gastroschisis 
from two to five years after surgery, and 
found they were all normal. We don’t know 
exactly why the immunoglobulin levels are 
down, but we do make the suggestion that 
any child with a gastroschisis should have 
some y-globulin given to him supportive- 
ly. The question is this: As Dr. Kraeger 
showed, in the last three to four years they 


have had 20 gastroschisis cases out of 31, 
and I don’t know how many omphaloceles 
they had in the same period. We likewise 
are seeing a much higher percentage of the 
ruptured types in the last three or four 
years. Does his group have any thoughts as 
to why we are seeing more of these than 
we used to? 

Dr. Lewis: I appreciate very much Dr. 
Izant’s comments. They were quite per- 
tinent and reinforced our own feeling 
about the management of gastroschisis. I 
am also most grateful to Dr. Keisewetter 
for his comments. We shall study the im- 
munoglobulins of these patients. On many 
of our early patients we used y-globulin 
routinely, but not very scientifically. I 
think there is room for considerable im- 
provement. I feel Dr. Ferguson’s com- 
ments on the use of negative pressure are 
very interesting. 

I believe we are seeing an increasing 
number of patients with gastroschisis. 
Whether in the past these babies have 
been neglected and have died in commu- 
nity hospitals without reaching referral 
centers, I do not know. We have one pa- 
tient who came to us 36 hours after birth. 
He subsequently died of aspiration pneu- 
monia despite the fact that the problem 
could be simply handled. Whether this hap- 
pens frequently, I do not know. I am in- 
clined to think that there is an increase in 
the incidence, and that there may be some 
epidemiological factors that should be in- 
vestigated. We received four infants with 
gastroschisis in a two-week period from 
one localized area covering a radius of ap- 
proximately 90 miles. 

I would like to emphasize that there is 
always a great deal of argument concern- 
ing whether these are ruptured umbilical 
hernias, ruptured omphaloceles, or 
true paraumbilical defects with eviscera- 
tion. We try to differentiate them, but I 
think the basic problem is that the viscera 
in each instance have resided in the peri- 
toneal cavity. The extraembryonic coelom 
has been obliterated, and in each instance 
we are really basically dealing with the 
same problem. 

The final point worth emphasizing is 
that in adults the use of the silicone elasto- 
mer patch may be helpful. It may be very 
useful in the management of an elderly pa- 
tient with evisceration and distended 
bowel. The patch would provide temporary 
coverage until the patient recovers from 
his surgical emergency without compro- 
mising the respiratory exchange. Con- 
sequently, there may be some use for it in 
the older age group as well as the younger. 
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Surgical Complications of 


Neonatal Necrotizing Enterocolitis 


Ann M. Kosloske, MD. Lester W. Martin, MD, Cincinnati 


The recent alarming increase in the inci- 
dence of neonatal necrotizing enterocolitis 
has prompted thes study of complications in 
22 infants treated over a 24-month period. 
Clinical features ef the disease included ab- 
dominal distentien, vomiting. upper and 
lower gastrointestinal tract bleeding, pneu- 
matosis intestinalis anc/or per‘oration. Sur- 
gical complicaticrs occurring in ten infants 
required 17 majcr operative procedures. Per- 
foration, due to imtestinal necrosis and gan- 
grene, was treated ir eight infants with 
simple closure, exterionization, or resection. 
Only one o three infants survived primary 
anastomosis. Many infants surviving the 
acute disease sulfferec late complications, 
the most serious of which were stricture of 
both colon and small bowel, enteric fistula, 
malabsorption, end sepsis. Overall mortality 
was 27%. Early diagrosis and aggressive 
treatment ef nearotizing enterocolitis may 
prevent or decrsase the severity of these 
life-threatening -omplications. 


he reeent alarming increase in 
the incidence of neonatal ne- 
crotizing enterocolitis has prompted 
this study of eomplicatiors observed 
in 22 infants cver a 24-morth period. 
Necrotizing enterocolitis is a 
deadly disease of the newborn infant, 
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characterized by a clinical picture of 
abdominal distention, vomiting, and 
gastrointestinal tract bleeding. In- 
testinal necrosis and perforation are 
common. 

It has evolved as a separate clinical 
entity in the past seven or eight 
years, and is to be distinguished 
from the enterocolitis of Hirsch- 
sprung disease, in which a segment of 
colon lacks ganglia, and from the en- 
terocolitis due to a specific bacterium 
such as the Staphylococcus. 

Although its etiology is uncertain, 
necrotizing enterocolitis occurs al- 
most exclusively in two groups of in- 
fants, those with preceding episodes 
of serious respiratory distress,’* and 
those with a history of exchange 
transfusion.’ Most of the infants are 
premature. >° 

Ten of the 22 infants studied devel- 
oped surgical complications. Our ex- 
perience in their operative and post- 
operative management forms the 
basis for this report. 


Clinical Features 


The 22 infants were admitted to the 
Neonatal Intensive Care Unit between Jan 
1, 1971, and Dec 31, 1972. They represent 
1.7% of all admissions to the unit over the 
24-month period. All were less than 1 
month of age. Sixteen were boys; six girls. 
Sixteen were white; six black. The onset of 
symptoms occurred between day 1 and day 
26 of life, and were usually followed by one 
to four days of either an episode of res- 
piratory distress or an exchange transfu- 
sion. 
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Diagnostic findings (Fig 1) were abdomi- 
nal distention in 21, vomiting or gastric re- 
tention in 13, and bloody or guaiac-positive 
gastric content in 6. Eleven infants had 
grossly bloody stools, often diarrheal, 
while four had guaiac-positive stools only. 

Predisposing perinatal problems in- 
cluded prematurity in 14; episodes of as- 
phyxia or apnea in 13; one-minute Apgar 
rating of 7 or less in 18; jaundice in 12 (re- 
quiring a total of 11 exchange transfusions 
in six patients); maternal infection in six; 
twinning in four infants (two were twin A 
and two were twin B); hypothermia in 4; 
hypoglycemia in 2; congenital heart dis- 
ease in 2; sickle cell disease or trait in 2; 
polycythemia in 1; and cytomegalic inclu- 
sion disease in 1. 


Roentgenographic Features 


Abdominal roentgenograms demon- 
strated pneumatosis intestinalis in 15 and 
pneumoperitoneum in 8 (Fig 2). Three in- 
fants showed a tragic progression from 
pneumatosis intestinalis, initially unreeog- 
nized by x-ray examination at the refer- 
ring hospital, to perforation with pneu- 
moperitoneum at the time of admission to 
the Children’s Hospital (Fig 3, top and bot- 
tom). Roentgenograms obtained with the 
infant in the left lateral decubitus position 
were the most helpful for detecting minute 
amounts of free intraperitoneal air. 


Clinical Course 


When the diagnosis was established, 
those infants with pneumatosis intesti- 
nalis were given an aggressive treatment 
regimen of nasogastric suction, intra- 
venous fluid and blood replacement, paren- 
terally administered antibiotics (aqueous 
penicillin G sodium, 50,000 units/kg/24 hr, 
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Fig 1.—Abdominal distention, vomiting, and upper or lower gastrointestinal tract bleed- 


ing were major diagnostic findings. 





Fig 2.—Pneumatosis intestinalis or ppneumoperitoneum or both were diagnostic roentgen- 


ographic findings in all but two of 22 infants. 
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and either kanamycin sulfate, 15/mg/ 
kg/24 hr or gentamicin sulfate, 3 to 7.5 
mg/kg/24 hr), and intraluminally adminis- 
tered antibiotics given by gavage or enema 
(kanamycin or gentamicin at two to three 
times the parenteral dose). Abdominal 
roentgenograms were obtained every six 
to eight hours to detect pneumoperi- 
toneum, should it occur. 

In 12 of the 22, pneumatosis intestinalis 
was demonstrated and the above treat- 
ment initiated. None of the 12 subse- 
quently developed perforation, although 
one did develop late complications of co- 
lonic stricture, pericolonic abscess, entero- 
colonic fistula, and disaccharide intoler- 
ance. 

Eight infants with frank perforation 
(Table 1) were operated on following resus- 
citation with appropriate blood, fluids, and 
antibiotics. A ninth infant with neither 
pneumatosis intestinalis nor pneu- 
moperitoneum was operated on because of 
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progressive clinical deterioration with 
shock, bloody diarrhea, and a presumptive 
diagnosis of midgut volvulus. 

The site of perforation in the eight in- 
fants with pneumoperitoneum was small 
intestine in three, colon in three, and stom- 
ach in two. The characteristic operative 
findings consisted of patchy, sometimes 
confluent areas of intestinal necresis and 
gangrene, often with multiple perforations 
and advanced peritonitis. 

The operative procedure chosen varied 
with the site and severity of the complica- 
tion and the condition of the patient. Per- 
forations of the stomach were treated by 
suture closure. Involved segments of small 
intestine were resected and a primary 
anastomosis performed. Localized gangre- 
nous areas of colon were exteriorized as a 
colostomy or cecostomy. More extensive 
gangrenous segments of colon were re- 
sected and the ends either exteriorized or 
anastomosed. Only one of three patients 
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Fig 3.—Top, Pneumatosis intestinalis. 
Lateral view of abdomen shows rings of in- 
tramural air outlining dilated intestinal 
loops. Bottom, Pneumoperitoneum. Upright 
view of abdomen shows free air under both 
hemidiaphragms with multiple air-fluid lev- 
els in dilated intestinal loops. 


treated by primary anastomosis survived. 
Stamm gastrostomy for postoperative de- 
compression was generally performed. 

The infant operated on because of dete- 
rioration and possible midgut volvulus had 
patchy, dusky areas throughout the small 
bowel without frank necrosis or perfora- 
tion. A gastrostomy was performed but no 
resection was done. A high jejunal stric- 
ture subsequently developed, requiring re- 
section at a later date. The roentgen- 
ographic, operative, and pathologic 
findings (Fig 4, left and right) were remi- 
niscent of congenital jejunal atresia. 

Wound dehiscence occurred twice in one 
infant, requiring surgical closure. In an- 
other critically ill infant, wound disruption 
occurred but evisceration was prevented 
by dense adhesions. Treatment with ster- 
ile, moist dressings led to healing by gran- 
ulation. Two superficial wound infections 
required surgical drainage. 

Late complications (Table 2) included 
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Table 1.—Surgical Complications of Necrotizing Enterocolitis 





 Patient/Weigh-, Predisposing Surgical Operative 
gm*/Aget Factors indication Findings Operation Outcome 
1/1,180/7 Respiratory distress Pneumoperitoneum Perforation, terminal Resection, massive Died 2 days post- 


small bowel & cecum; 
primary anastomosis; 


operatively while 
receiving ventila- 


ileum; gangrene, 
midjejunum to 


syndrome; apneic 
spells; prematurity 





cecum; peritonitis gastrostomy tory assistance 
2/3,540/5 Asphyxia at birth Pneumoperitoneum  Perforations, _ Total colectomy with Died 1 day post- 
multiple, terminal distal ileum; primary operatively 


ileum; gangrene, 
distal ileum & entire 
colon to mid-sigmoid; 
peritonitis 

Perforation, small 
intestine; gangrene, 
2 separate areas of 


anastomosis (illeosig- 
moidostomy); 
gastrostomy 





Resection of 2 gangrenous Survived 
areas, small bowel 
(4 length of small 


3/2,420/% Exehange transfusion; Pneumoperitoneum 


4 times 








small intestine; bowel); gastrostomy 
peritonitis 
Wound separation None; wound packed Granulated in 
4/3,200/— Transient respiratory | Pneumoperitoneum Perforation, stomach Suture closure of Survived 
distress linear, 8-10 cm tear stomach; gastrostomy 
on posterior wall; 
peritonitis 
5/1,510/@ Apgar, 3; Pneumoperitoneum Perforation, stomach, Suture closure of Survived 
Amnionitis; 3 mm on lesser stomach; 
orematurity curvature; peritonitis gastrostomy 
6/3,100/3 Asalyxia at birth Pneumoperitoneum Perforation, sigmoid Sigmoid colostomy; Survived 


gangrenous patch, cecostomy; gastrostomy 





cecal area; 
peritonitis 
Wound infection None; wound opened, Granulated in 
> packed 
7/1,090/20 Ameic spelis; Pneumoperitoneum Perforation, cecum; Right colectomy; Survived 
prematurity gangrene, right colon; ileostomy; 
Apgar, 2 peritonitis colostomy; 
secondary closure 
2 times 
Wound dehiscence Wound healed 
2 times 
8/2,280/5 Exchange trans- Pneumoperitoneum _ Perforations (2) Subtotal colectomy, Died 1 day post- 
‘usion right colon & ileostomy, operatively while 
transverse colon, colostomy receiving 
with subserosal air; ventilatory 
peritonitis assistance 
9/2,183/8  Prematurity Deterioration, Patchy, dusky areas of Explanatory laparatomy; Survived 


Apgar, 3 


* Birth weight. 
t Age at operetion imdays. 


three strictures. two ‘istulas, and one ab- 
scess. Sites of stricture were as follows: 
high jejunum, transverse colon, and sig- 
moid colon. The aigh ejunal stricture was 
resected with primary anastomosis. The 
stricture of the cransverse colon was suc- 
cessfully managed b> Mikulicz resection. 
The sigmoid sericture, which was associ- 
ated with a pericelenic abscess, was 
treated initially by preximal colostomy and 
drainage of the abscess. Resection of the 
stricture with am asseeiated enterocolonic 
fistula and closure of the colostomy, were 
performed at turee-month intervals. 

The two fstas, ene enterocutaneous, 
the other ente~ocolonic, required surgical 
closure. The lacter produced profuse diar- 
rhea from a cestemy with skin excoria- 
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? midgut volvulus 


entire small bowel; 
darkest area, upper 
jejunum; peritonitis 


tion that failed to improve until the fistula 
was recognized and closed by resection. 

Two infants developed disaccharide in- 
tolerance (Table 3) manifested by profuse, 
watery diarrhea with acid stools positive 
for reducing substances, whenever they 
were fed the usual infant formulas con- 
taining lactose. Treatment included 
parenteral hyperalimentation and slow ad- 
vancement of a formula containing mono- 
saccharides or nonlactose disaccharides. 
Subsequent improvement of the carbohy- 
drate tolerance suggests reversibility of 
what would appear to be a disaccharidase 
deficiency in the mucosa of the damaged 
gut. 

Two infants, each with a severely dam- 
aged gut, have malabsorption problems not 


gastrostomy 


yet characterized. One has tolerated a 
monosaccharide formula poorly; the second 
has never been fed. Both are presently re- 
ceiving hyperalimentation. 

Malnutrition in seven infants was 
treated with parenteral hyperalimenta- 
tion. A total of 16 hyperalimentation lines 
were placed centrally through neck veins 
with use of local anesthesia in the oper- 
ating room. Despite meticulous care of the 
catheter, six episodes of sepsis occurred 
while lines were in place. Organisms iso- 
lated were as follows: S aureus, S epider- 
midis, Escherichia coli, Proteus mirabilis, 
Alkalescens-dispar, and Candida albicans. 
Other complications, associated largely 
with the three catheter-related, Gram-neg- 
ative sepses, included respiratory failure 
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requiring a ventilator in two infants, and 
one episode each of hypoglycemia, acute 
renal failure, congestive heart failure, dis- 
seminated intravascular coagulation, sei- 
zures, questionable superior vena cava 
thrombosis, and a generalized geographic 
rash coincident with cutaneous candidiasis. 


Results 


Mortality of the infants operated on 
was 30%, with three infants dying of 
problems relating to sepsis in the 
early postoperative period. In the in- 
fants not operated on, the mortality 
of 25% was due to underlying serious 
medical problems (respiratory dis- 
tress syndrome, congenital heart dis- 
ease, and cytomegalic inclusion dis- 
ease), and no patient died of 
necrotizing enterocolitis (Fig 5). 

The morbidity and economic toll of 
this disease is demonstrated by a me- 
dian hospital stay of 63 days for the 
group that underwent operation vs 24 
days for those infants not operated 
on. The median hospital bill of $11,462 
for infants who survived operation is 
almost triple that of the group not op- 
erated on. 


Comment 


The 22 cases in 24 months reflect 
the rising incidence of this disease. In 
the 13 years prior to Jan 1, 1971, when 
this study was undertaken, only 
seven patients were encountered with 
necrotizing enterocolitis, all having 
had perforation of the gastrointesti- 
nal tract. 

Several hypotheses have been ad- 
vanced for this apparent increase in 
incidence. Some authorities maintain 
that in recent years the diagnosis has 
been made more frequently by skill- 
ful clinicians and radiologists with a 
high index of suspicion. Selective gut 
ischemia (“the diving reflex”) during 
hypoxie episodes has been impli- 
cated.’ Improved medical manage- 
ment of neonatal respiratory distress 
now enables the survival of infants 
who formerly may have died before 
manifesting intestinal damage. It is 
possible that drugs, umbilical cathe- 
ters, certain plastics, oxygen, or 
other iatrogenic agents may play a 
role. 

The indications for operation in 
acute necrotizing enterocolitis have 
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Outcome 
Survived 


Complication 
Stricture, transverse 
colon 
Stricture, proximal 
jejunum 
8 Wound dehiscence 
(without evisceretion) 


Operation 
6/12 Mikulicz colostomy 
9/8 Survived; wound 
dehisced 
Wound granu- 
lated; healed 
with fistula 
Survives with hy- 
peralimentation 


Survived 


Resection of stricture; 
primary anastomosis 

None; sterile, moist 
dressings 


10 Fistula, jejunocutaneous Closure of fistula 


107/6 


Stricture, sigmoid 
colon; pericolonic 
abscess 


18 Enterocolonic fistula 


Proximal colostomy; 

drainage of abscess 
Resection of fistula; Survived 
revision of colostomy 


32 Closure of colostomy Survived 


~ Birth weight, 2,000 gm. 


* Interval after acute illness. 






Table 3.—‘‘Medical’’ Complications of Necrotizing Enterocolitis 














Patient/Weeks* Complication Management Outcome 
3 4 Malnutrition Hyperalimentation Survived 
24 days 


6 4 Malnutrition Hyperalimentation Survived; one 















































25 days, 2 lines episode of 
sepsis 
5 Sepsis, E coli Removal of line; 
colloids, antibiotics 
Hypoglycemia 
(glucose 18) IV glucose 
Acute renal failure 
(BUN, 80 mg/ All resolved 
100 ml) Limited fluids Survived 
Congestive heart 
failure Furosemide 
Disseminated intra- 
vascular 
coagulation No specific therapy 
1 Disaccharide malabsorp- Monosaccharide Survived 
tion (lactose, sucrose) formula 
7t 1 day Respiratory insuffi- Respiratory, 2 days Survived 


ciency 


1 Malnutrition 
Malabsorption 





Survived; two 
episodes sepsis 


Hyperalimentation 
94 days, 5 linest 








8 Sepsis, meningitis Line removed; Survived 
P mirabilis antibiotics 
Respiratory failure Respirator, 3 days Survived 


Line removed; heparin Edema receded 
sodium 


Line in; antibiotics 


16 ?Superior vena caval 
thrombosis 
20 ?Sepsis-S aureus Survives in 
hospital 
Survived; three 
episodes sepsis 


9t 2 Malnutrition Hyperalimentation 


104 days, 6 lines} 








314 Sepsis, alkalescens Line removed; Survived 
dispar antibiotics 
12 Sepsis, S epider- Line removed; Survived 
midis antibiotics 
16 Sepsis, Candida Line removed; 
albicans amphotericin B 
Cutaneous candidiasis Topical therapy 
?disseminated can- Survives in 
didiasis hospital 
10 1 Disaccharide melab- Lactose-free formula Survives 


sorption (lactose) 


2 Malnutrition Hyperalimentation 


line, 14 days 
16 Seizures Diphenylhydantoin No recurrence 
sodium 
11+ 2 Malnutrition Hyperalimentation, Died while receiving 
9 days respiratory 
assistance 


* Interval after acute illness. 

t Currently in hospital and receiving hyperalimentation. 

t Birth weight, 1,360 gm; severe respiratory distress syndrome; no surgical compli- 
cations. 
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been debæec, but pneumoperitoneum 
is almost uneversally aceepted. If an 
operation is performed eerly in the 
course of the disease, meny patchy 
areas of qaescienable viability will be 
encountered throughout both small 
and large ntestine. It may be impos- 
sible for zhe surgeon to determine 
which of these areas will progress to 
frank necmosis and perforation if left. 

Our experence suggests that the 
simplest enc safest operation is the 
best. In the face of progressive necro- 
sis, perfomatior, and peritonitis, pri- 
mary anastamosis should seldom, if 
ever, be performed on the colon. The 
Mikulicz resection, if possible, or 
simple exterwrizatien of the resected 
ends is generaly preferable because 


of the pr@gressive nature of the ne- 


crotic pro@ss. When only small bowel 
is involvel, resection and primary 
anastomosis may be preferred, but 
the bowel eft should be decompressed 
and subseguen~ distention prevented 
by means of a gastrostomy. 

In our Æ mfants, the late surgical 
complications of stricture, istula, and 
abscess, aad the nutritional and mal- 
absorptior problems, occurred almost 
exclusivel- iz chose infants who re- 
quired operation in the acute phase of 
the illness Perhaps they had a more 
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Fig 4—Left, Proximal bind end of jejunum seen in long- 
itudinal sestien. Devitalized, ‘‘ghost cell’’ remnant of circular 
musculéis s seen at top surmounted by greatly thinned long- 
itudinal muscelaris. Submucosa is thickened with marked vascu- 
lar proliveration ane fibrosis. Mucosa, seen partly in tangential 
section, 1s sewerely altered dy fibrosis (hematoxylin-eosin, origi- 





a eT ost ve 


25% 


10 


No. of Patients 
Oo 






RUS Medical 
CHD 
CID f Problems 


Operated Nonoperated 


Fig 5.—Overall mortality was 27%. In 
group operated on, all deaths were related 
to necrotizing enterocolitis, in group not op- 
erated on, none were related to necrotizing 
enterocolitis. 


severe form of the disease from the 
outset. However, three infants with 
pneumatosis intestinalis, not treated 
because it was not recognized, went 
on to develop perforation. It would 
appear that early diagnosis and ag- 
gressive nonoperative treatment may 
halt the progression of the necrotiz- 
ing process. 

It is probable that most of the in- 
fants undergoing operation would 
have died without the benefit of hy- 
peralimentation. The septic complica- 
tions in this group of infants are 
frequent, however, because of the as- 
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nal magnification x 22). Right, Area of mesentery showing se- 
vere chronic vascular alterations. At top right, artery shows 
thick, crenated internal elastica associated with complete loss 
and fibrous replacement of media. Veins at left and below are 
unaltered. At bottom center is an obliterated vessel thought to 
be a vein (hematoxylin-eosin, original magnification x 105). 


sociated peritonitis, bacteremia, sep- 
sis, and susceptibility of the immuno- 
logically immature patient, especially 
with an indwelling central venous 
catheter. Hyperalimentation, none- 
theless, has permitted such infants to 
survive long enough to develop an im- 
pressive array of late complications. 


Nonproprietary Name 
and Trademark of Drug 


Gentamicin sulfate—Garamycin. 
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WILLIAM K. SIEBER, MD, Pittsburgh: 
Drs. Kosloske and Martin have focused our 
attention on a timely and often frustrating 
pediatric surgical problem. The establish- 
ment of centers for the care of premature 
infants has allowed close follow-up of these 
babies and recognition of problems pecu- 
liar to prematurity, which were problems 
often overlooked in the past. I believe this 
accounts in part for the real increase in the 
incidence of necrotizing enterocolitis in re- 
cent years. 

Many infants with enterocolitis recover 
with nonsurgical treatment. When is lap- 
arotomy indicated? At the Children’s Hos- 
pital of Pittsburgh, perforation of the ali- 
mentary tract identified by pneu- 
moperitoneum or peritonitis has been the 
indication for laparotomy. In the past two 
years only one of eight premature infants 
operated on for enterocolitis has survived. 
Two full-term infants with enterocolitis 
associated with exchange transfusion have 
survived laparotomy and intestinal resec- 
tion, and in each of these survivals the op- 
eration was one of exteriorization and sec- 
ondary closure of the fistulas. 

Our patients come to us from other insti- 
tutions only after a recognized surgical 
complication has developed. Delay in 
transfer, poor gastric decompression, and 
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Intestinal perforation following exchange 
eet Am J Dis Child 124:136-141, 


10. Scholander PF: Master switch of 


Discussion 


heat loss occur as the infant is transferred 
to our institution. To eliminate these prob- 
lems, we are now transferring al! infants 
with diagnosed or suspected enterocolitis 
to our Children’s Hospital for observation. 
The high salvage rate and low mortality 
reported in this paper certainly reflect the 
superb care that these infants have re- 
ceived. 

Once a surgical complication has oc- 
curred, the infant is usually septicemic, 
often has disseminated vascular coag- 
ulopathy, and the medical complications 
become difficult to manage. 

I think this is a superbly presented pa- 
per, and I would like to compliment the es- 
sayists. 

ROBERT J. [zant, Jr., MD, Cleveland: Dr. 
Martin asked me to comment abou: causes. 

First, I would point out the importance 
of early recognition, as was nicely empha- 
sized by Dr. Kosloske’s fine presentation. | 
want to report, however, that in searching 
for causal factors in two of our last four 
cases, we have now cultured an entero- 
virus, which has not as yet been typed. We 
do not mean to imply that a virus is the 
only cause of this phenomenon, but it may 
be one of the causes, and it behooves us all 
to keep searching for some other causal 
factor or factors, because this is distinctly 


life. Sei Am 209:92-105, 1963. 
11. Rogers AF, Dunn PM: Intestinal 
erforation, exchange transfusion, and 
VC. Lancet 2:1246, 1969. 


an increasing and serious disease complex. 

Dr. MARTIN: I would like to thank Drs. 
Sieber and Izant for their kind remarks. 
When necrotizing enterocolitis is encoun- 
tered at operation, it is often difficult for 
the surgeon to determine which portions of 
the intestine require resection becaase of 
the many scattered areas of borderline 
viability. Some areas that are somewhat 
compromised will progress on to stricture 
formation or subsequent perforation, with 
localized abscess if the bowel has been de- 
compressed. We feel that operative decom- 
pression is important. The establishment 
of a gastrostomy at the time of opezation 
has proved of value in preventing subse- 
quent distention. 

Dr. Izant’s comments about the eatero- 
virus are interesting. We have not ob- 
tained viral cultures on our patients. We 
have obtained aerobic and anaerobic cul- 
tures, and we will now investigate the pos- 
sibilities of obtaining virus cultures as 
well. 

We agree completely with Sieber’s com- 
ments about the transfer of infants and 
careful observation. The detection of com- 
plications as they arise, and their prompt 
treatment leading to a better salvage rate, 
can only be attributed to the diligence of a 
conscientious house staff. 


Revised Drug Evaluations to be Released Soon 


The revised second edition of AMA Drug Evaluations will be published in early Sep- 
tember under a contract the AMA has written with Publishing Sciences Group, Inc., of 


Acton, Mass. 


A number of changes have been made from the first edition, released in 1971. The sec- 
ond edition will be a hardcover volume, somewhat sma_ler in dimensions and easier to 
handle. It has been completely redesigned and edited to make it more readable. The 
new drugs section has been eliminated, and all drugs, including new ones, have been 
evaluated under their appropriate therapeutic classifications. Structural formulas have 
been included for most drugs. Drug interactions have been given expanded coverage. 
Three new chapters have been added, and all chapters have been revised and updated, 
making the second edition of AMA Drug Evaluations the most complete and current 
compilation of drug information available anywhere. 

The revised edition will be sold to institutions and non-AMA members for $22.00, and 
to AMA members and students for $16.50 after publication. The book is being offered to 
AMA members and students now at the special prepublication price of $14.85 (plus $0.50 
for postage and handling). To order the book or to obta:n further information, write to 
Publishing Sciences Group, Inc., 411 Massachusetts Ave, Acton, Mass 01720. 
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MINOCIN 


MINOCYCLINE HCI 
INTRAVENOUS 


100 mg/vial 


Activity... MINOCIN Intravenous is active against 
a wide range of gram-positive and gram-negative 
organisms and is indicated when bacteriologic 
testing demonstrates susceptibility. 


Dosage... MINOCIN Intravenous has only one 
recommended dosage regardless of severity of 
infection: Adults — 200 mg followed by 100 mg 


every 12 hours; Children — 4 mg/kg followed by 
2 mg/kg every 12 hours. 


Toleration...As a semisynthetic derivative of tetra- 
cycline, MINOCIN has an equally low order of toxicity 
some patients may experience dizziness as an 
unusual side effect. However, studies to date indicate 
that photosensitivity does not occur with MINOCIN. 


Economy...Because of its price and b.i.d. dosage, 
the cost of therapy can be considerably less with 
MINOCIN Intravenous than with other appropriate 
parenteral antibiotics. 


Compatibility... Mixes with common bulk diluents. 


(aw uitre and sensitivity testing are recommended. Please refer to next page for full prescribing information. — 
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MINOCIN® MINOCYCLINE HYDROCHLORIDE 


DESCRIPTION. MINOCIN minocycline hydrochloride is a semi-synthetic 
derivative of tetracycline, 7-dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride. 

Each vial, dried by cryodesiccation, contains sterile Minocycline Hydro- 
chloride equivalent to 100 mg. Minocycline. When reconstituted with 5 cc. 
of Sterile Water For Injection the pH ranges from 2.0 to 2.8. 


ACTIONS. Microbiology: The tetracyclines are primarily bacteriostatic and 
are thought to exert their antimicrobial effect by the inhibition of protein 
synthesis. Minocycline HCI is a tetracycline with antibacterial activity com- 
parable to other tetracyclines with activity against a wide range of gram- 
negative and gram-positive organisms. 

Tube dilution testing: Microorganisms may be considered susceptible 
(likely to respond to minocycline therapy) if the minimum inhibitory concen- 
tration (M.1.C.) is not more than 4.0 mcg./ml. Microorganisms may be con- 
sidered intermediate (harboring partial resistance) if the M.I.C. is 4.0 to 
12.5 mcg./ml. and resistant (not likely to respond to minocycline therapy) 
if the M.I.C. is greater than 12.5 mcg./ml. 

Susceptibility plate testing: If the Kirby-Bauer method of susceptibility 
testing (using a 30 mcg. tetracycline disc) gives a zone of 18 mm. or greater, 
the bacterial strain is considered to be susceptible to any tetracycline. 
Minocycline shows moderate in vitro activity against certain strains of 
staphylococci which have been found resistant to other tetracyclines. For 
such strains minocycline susceptibility powder may be used for additional 
susceptibility testing. 


Human Pharmacology: Following a single dose of 200 mg. administered 
intravenously to 10 healthy male volunteers, serum levels ranged from 2.52 
to 6.63 mcg./ml. (average 4.18), after 12 hours they ranged from 0.82 to 
2.64 mcg./ml. (average 1.38). In a group of 5 healthy male volunteers serum 
levels of 1.4-1.8 mcg./ml. were maintained at 12 and 24 hours with doses 
of 100 mg. every 12 hours for three days. When given 200 mg. once daily 
for three days the serum levels had fallen to approximately 1 mcg./ml. at 
24 hours. The serum half-life following I.V. doses of 100 mg. every 12 hours 
or 200 mg. once daily did not differ significantly and ranged from 15 to 23 
hours. The serum half-life following a single 200 mg. oral dose in 12 essen- 
tially normal volunteers ranged from 11 to 17 hours, in 7 patients with 
hepatic dysfunction ranged from 11 to 16 hours, and in 5 patients with renal 
dysfunction from 18 to 69 hours. 

intravenously administered Minocycline appears similar to oral doses in 
excretion. The urinary and fecal recovery of oral minocycline when adminis- 
tered to 12 normal volunteers is one-half to one-third that of other 
tetracyclines. 


INDICATIONS. MINOCIN minocycline HCI is indicated in infections caused 
by the following microorganisms: 

Rickettsiae: (Rocky Mountain spotted fever, typhus fever and the typhus 
group, Q fever, rickettsialpox, tick fevers.) 

Mycoplasma pneumoniae (PPLO, Eaton agent). 

Agents of psittacosis and ornithosis. 

Agents of lymphogranuloma venereum and granuloma inguinale. 

The spirochetal agent of relapsing fever (Borrelia recurrentis). 

The following gram-negative microorganisms: 

Hemophilus ducreyi (chancroid), | Bacteroides species, 

Pasteurella pestis and Vibrio comma and Vibrio fetus, 

Pasteurella tularensis, Brucella species (in conjunction 

Bartonella bacilliformis, with streptomycin). 

Because many strains of the following groups of microorganisms have 
been shown to be resistant to tetracyclines, culture and susceptibility test- 
ing are recommended. 

MINOCIN minocycline HCI is indicated for treatment of infections 
caused by the following gram-negative microorganisms when bacteriologic 
testing indicates appropriate susceptibility to the drug: 

Escherichia coli, Haemophilus influenzae 

Enterobacter aerogenes (formerly (respiratory infections), 

Aerobacter aerogenes), Klebsiella species (respiratory 

Shigella species, and urinary infections). 

Mima species and Herell/ea species, 

MINOCIN is indicated for treatment of infections caused by the following 
gram-positive microorganisms when bacteriologic testing indicates appro- 
priate susceptibility to the drug: 

Streptococcus species: Up to 44 percent of strains of Streptococcus 

pyogenes and 74 percent of Streptococcus faecalis have been found 

to be resistant to tetracycline drugs. Therefore, tetracyclines should not 
be used for streptococcal disease unless the organism has been demon- 
strated to be sensitive. 

For upper respiratory infections due to group A beta-hemolytic strepto- 

cocci, penicillin is the usual drug of choice, including prophylaxis of 

rheumatic fever. 

Diplococcus pneumoniae, 

Staphylococcus aureus, skin and soft tissue infections. Tetracyclines are 
not the drug of choice in the treatment of any type of staphylococcal infection. 

When penicillin is contraindicated, tetracyclines are alternative drugs in 
the treatment of infections due to: 

Neisseria gonorrhoeae, 

Treponema pallidum and Treponema 

pertenue (syphilis and yaws), 

Listeria monocytogenes, 

Clostridium species, 

in acute intestinal amebiasis, the tetracyclines may be a useful adjunct 
to amebicides. : 

MINOCIN is indicated in the treatment of trachoma, although the infec- 
tious agent is not always eliminated, as judged by immunofluorescence. 

Inclusion conjunctivitis may be treated with oral tetracyclines or with a 
combination of oral and topical agents. 

CONTRAINDICATIONS. This drug is contraindicated in persons who have 
shown hypersensitivity to any of the tetracyclines. 

WARNINGS. In the presence of renal dysfunction, particularly in pregnancy, 
intravenous tetracycline therapy in daily doses exceeding 2 grams has been 
associated with deaths through liver failure. 

When the need for intensive treatment outweighs its potential dangers 
(mostly during pregnancy or in individuals with known or suspected renal or 


Bacillus anthracis, 

Fusobacterium fusiforme 
(Vincent’s infection), 

Actinomyces species. 


f Lederle LEDERLE LABORATORIES, A Division of American Cyanamid Company, Pearl River, N.Y. 10965 


e Sa 


+ INTRAVENOUS, 100 mg./vial, STERILE 


ə _ - P - z — = 


liver impairment), it is advisable to perform renal and liver function tests 
ooroo om dering therapy. Also tetracycline serum concentrations shou d be 
ollowed. 

If renal impairment exists, even usual oral or parenteral doses may lead 
to excessive systemic accumulation of the drug and possible liver toxicity. 
Under such conditions, lower than usual total doses are indicated, and if 
therapy is prolonged, serum level determinations of the drug may be ad- 
visable. This hazard is of particular importance in the parenteral adminis- 
tration of tetracyclines to pregnant or postpartum patients with pyelone- 
phritis. When used under these circumstances, the blood level shoulc not 
exceed 15 micrograms/ml. and liver function tests should be made a- fre- 
quent intervals. Other potentially hepatotoxic drugs should not be pre- 
scribed concemitantly. 

The use of tetracyclines during tooth development (last half of pregnancy, 
infancy, and childhood to the age of 8 years) may cause permanent discelora- 
tion of the teeth (yellow-gray-brown). This adverse reaction is more common 
during long-term use of the drugs but has been observed following repeated 
short-term courses. Enamel hypoplasia has also been reported. Tetracyc ines, 
therefore, should not be used in this age group unless other drugs are not 
likely to be effective or are contraindicated. 

Photosensitivity manifested by an exaggerated sunburn reaction has 
been observed in some individuals taking tetracyclines. Patients apt -0 be 
exposed to direct sunlight or ultraviolet light should be advised that this 
reaction can occur with tetracycline drugs, and treatment should be discon- 
tinued at the first evidence of skin erythema. Studies to date indicate that 
photosensitivity does not occur with MINOCIN minocycline HCI. 

The antianabolic action of the tetracyclines may cause an increase in 
BUN. While this is not a problem in those with normal renal function, in 
patients with significantly impaired function, higher serum levels of <etra- 
cycline may lead to azotemia, hyperphosphatemia, and acidosis. 

CNS side effects including lightheadedness, dizziness, or vertigo have 
been reported. Patients who experience these symptoms should be caut oned 
about driving vehicles or using hazardous machinery while on minocycline 
therapy. These symptoms may aisappear during therapy and always disappear 
rapidly when the drug is discontinued. 

Usage in Pregnancy: (See above ‘Warnings’ about use during tooth devel- 
opment.) Results of animal studies indicate that tetracyclines cross the 
piacenta, are found in fetal tissues and can have toxic effects on the devel- 
oping fetus foften related to retardation of skeletal development). Evidence 
of embryotoxicity has also been noted in animals treated early in pregnancy. 

Usage in newborns, infants, and children (See above “Warnings” about 
use during teoth development.) All tetracyclines form a stable calcium com- 
plex in any bone forming tissue. A decrease in the fibula growth rat2 has 
been observed in prematures given oral tetracycline in doses of 25 mg./kg. 
every 6 hours. This reaction was shown to be reversible when the druz was 
discontinued. 

Tetracyclines are present in the milk of lactating women who are taking 
a drug in this class. 

PRECAUTIONS. As with other antibiotics preparations, use of this drug may 
result in overgrowth of nonsusceptible organisms, including fungi. If super- 
infection occurs, the antibiotic should be discontinued and appropriate 
therapy should be instituted. 

In venereal diseases when coexistent syphilis is suspected, darkfield ex- 
amination should be done before treatment is started and the blood serology 
repeated monthly for at least 4 months. 

Because tetracyclines have been shown to depress plasma prothrombin 
activity, patients who are on anticoagulant therapy may require downward 
adjustment cf their anticoagulant dosage. 

In long-term therapy, periodic laboratory evaluation of organ systems, 
including hematopoietic, renal, and hepatic studies should be performed. 

All infectons due to Group A beta-hemolytic streptococci shoud be 
treated for at least 10 days. 

Since bacteriostatic drugs may interfere with the bactericidal action of 
Seas it is advisable to avoid giving tetracycline in conjunction with 
penicillin. 

ADVERSE REACTIONS. Gastrointestinal: Anorexia, nausea, vomiting, diar- 
rhea, glossitis, dysphagia, enterocolitis, and inflammatory lesions (with 
monilial overgrowth) in the anogenital region. These reactions have been 
caused by beth the oral and parenteral administration of tetracyclines. Skin: 
Maculopapular and erythematous rashes. Exfoliatwe dermatitis has been 
reported but is uncommon. Photosensitivity is discussed above. (See ‘Warn- 
ings.’) Rena! toxicity: Rise in BUN has been reported and is apparently dose 
related. (See ‘‘Warnings.’’) Hypersensitivity reactions: Urticaria, ang oneu- 
rotic edema, anaphylaxis, anaphylactoid purpura, pericarditis, and exaecerba- 
tion of systemic lupus erythematosus. Bulging fontanels have been reported 
in young infants following full therapeutic dosage. This sign disappeared 
rapidly when the drug was discontinued. Blood: Hemolytic anemia, thrombo- 
cytopenia, reutropenia, and eosinophilia have been reported. CNS: (See 
‘“Warnings.”) When given over prolonged periods, tetracyclines have been 
reported to produce brown-black microscopic discoloration of thyroid g ands. 
No abnormalities of thyroid function studies are known to occur. 

DOSAGE AND ADMINISTRATION. Note: Rapid administration is to be avoided. 
Parenteral tnerapy is indicated only when oral therapy is not adequate or 
tolerated. Oral therapy should be instituted as soon as possible. If intra- 
venous therapy is given over prolonged periods of time, thrombophlebitis 
may result. 

ADULTS: Usual adult dose: 200 mg. followed by 100 mg. every 12 ours 
and should not exceed 400 mg. in 24 hours. The drug should be in tially 
dissolved and then further diluted to 500-1,000 cc. with either Sedium 
Chloride Injection USP, Dextrose Injection USP, or Lactated Ringer's In- 
splays i but not in other solutions containing calcium (a precipitate 
may form). 

The reconstituted solutions are stable at room temperature for 24 hours 
without significant loss of potency. Any unused portion must be discarded 
after that period. The final dilution for administration should be administered 
immediately. 

P reo oa Usual pediatric dose: 4 mg./kg. followed by 2 mg./kg. every 
ours. 

In patients with renal impairment: (See ‘‘Warnings.”’) 

Total dosage should be decreased by reduction of recommended indi- 
vidual doses and/or by extending time intervals between doses. 

HOW SUPPLIED: 100 mg. vials of sterile cryodesiccated powder. REV. 5/73 
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To determine which patients would bene- 
fit from pretrarsaant nephrectomy, we re- 
viewed the recards of 68 patients who had 
nephrectomy before (65 patients) or after 
(three patients) = renal transplant. Twenty- 
eight patients sac nephrectomies to elimi- 
nate or prevere pyelonephritis and urinary 
tract infection, °6 had bilateral nephrectomy 
for hypertension resistant to therapy, seven 
had “routine” meohrectomy, six had poly- 
cystic kidneys moved, and one patient had 
nephrectomy fe'lawing trauma. The mortal- 
ity and morbidity associated with bilateral 
nephrectomy peecuded the routine removal 
of kidneys priœ tc renal transplantation. Le- 
sions that precispesed patients to pyelo- 
nephritis (vesicoureteral reflux and obstruc- 
tive uropathy) eenstituted indications for 
nephrectomy. Patients with hypertension 
that could not œ adequately controlled by 
vigorous hemodliaysis, fluid and sodium re- 
striction, and artihypertensive drugs re- 
sponded to hilaeral nephrectomy when 
plasma renin actvity was greater than 6 
nanograms of = mgictensin | per milliliter per 
hour. 


hes Esing prepared for renal 
transplamcation often require a 
bilateral neparectomy. The indica- 
tions for this procedure have varied in 
different remal transplant programs 
and have no’ sen clearly defined nor 
thoroughly »a idated. After a brief 
experience with routine pre- 
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transplant nephrectomy, we decided 
to carry out bilateral nephrectomy 
only for the following indications: (1) 
polycystic renal disease, (2) upper uri- 
nary tract infection, (3) vesicourete- 
ral reflux, and (4) uncontrollable hy- 
pertension. After having acquired 
some experience with this approach, 
it seemed appropriate to review our 
results to determine if this rationale 
had any merit. The records of the pa- 
tients who have undergone nephrec- 
tomies were therefore analyzed as to 
the indications for nephrectomy, mor- 
tality, morbidity, and possible bene- 
fits accrued from the operation. From 
these data we hoped to determine 
whether our rationale for selecting 
patients for pretransplant nephrec- 
tomy resulted in the removal of only 
those kidneys that might adversely 
influence the subsequent renal trans- 
plant. 


Clinical Data and Methods 


From May 1968 to January 1973, a total 
of 118 renal transplants were performed 
on 101 patients by the Wayne State Uni- 
versity Transplant Service at its affiliated 
hospitals. Ninety-seven of the kidneys 
(83% of all the transplants) came from ca- 
davers, 11 from siblings, eight from par- 
ents, and two from children of the recipi- 
ents. 

Forty-six recipients had bilateral ne- 
phrectomy before and three after they re- 
ceived a renal transplant. Thus, 49% of the 
101 patients who received 118 renal trans- 
plants have had nephrectomy. However, an 
additional 19 patients had bilateral ne- 
phrectomy in anticipation of renal trans- 
plantation; 13 of these patients died before 
a kidney could be transplanted (Table 1), 
and six patients are awaiting transplanta- 
tion. Therefore, of the 120 patients accepted 
for transplantation, 57% have had nephrec- 


tomy. Fifty-seven of the operations were 
performed by our group and 11 were done 
at five referring hospitals. The latter have 
excellent dialysis units and surgical teams. 
All of the patients are therefore analyzed 
without regard to where the operation was 
performed. 

Data describing 119 of the patients in 
this study are given in Table 2. One pa- 
tient, a 32-year-old white man whose kid- 
neys were removed following a gunshot 
wound of the abdomen, is not included in 
this table. Forty-two percent of those who 
underwent nephrectomy did so to elimi- 
nate or prevent infection while hyperten- 
sion was the indication in 39%, polycystic 
kidney disease in 9%, and 10% had the op- 
eration performed as part of our early 
“routine.” Nearly 70% of those who under- 
went nephrectomy to prevent or eliminate 
infection were women, and 75% were 
white. On the other hand, over 75% of 
those who underwent nephrectomy for un- 
controlled hypertension were black. 

Plasma renin activity (PRA) was deter- 
mined by a radioimmunoassay described 
by Haber et al.' The assay was carried out 
using kits which were obtained commer- 
cially. The PRA is expressed as the 
amount of angiotensin I generated per 
milliliter of plasma after one hour of 
incubation at 37 C. Renin substrate in the 
assay is endogenous angiotensinogen (an 
alpha —2 globulin). The generated angio- 
tensin I, a decapeptide, is expressed in 
nanogram quantities (ng, 10° gm) and is 
prevented from being converted into the 
biologically active angiotensin II, an octa- 
peptide, by a variety of enzyme inhibitors 
in the assay system. ) 

The PRA levels are influenced by many 
factors and can vary widely, especially in 
patients on hemodialysis, depending upon 
the status of the blood volume, sodium bal- 
ance, posture, and antihypertensive ther- 
apy (Table 3). Unfortunately, patients on 
hemodialysis often have a combination of 
these factors affecting their PRA. 

We have avoided performing bilateral 
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Pyelonephritis 


nephrectomy at the time of renal trans- 
plantation to minimize possible post- 
transplant complications. Other groups, 
however, have been less conservative.’ 
Most of the bilateral nephrectomies in this 
series were performed transperitoneally 
through a long midline incision or through 
a bilateral anterior subcostal incision. The 
colon was reflected medially and the struc- 
tures in the renal pedicle isolated and li- 
gated individually. When vesicoureteral 
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glomerulonephritis 


Table 1.—Mortality Following Pretransplant Nephrectomy 


Patient, No. of Days A*ter Operation 
Age, yr/Race/Sex Indication for Nephrectomy When Death Occurred Cause of Death 
Operative Mortality 
1 Massive vesicoureteral reflux, Bleeding diathesis and liver 
16/W/M infection, and pyelonephritis failure 
2 Hypertension 4 Pneumonia 
33/B/M 
3 Malignant hypertension 2 Shock 
22/B/F 
4 Hypertension 1 Shock 
33/B/F 
5 Malignant hypertension 10 Pneumonia 
34/B/F 
Late Deaths 
6 Vesicoureteral reflux and 240 Organic brain syndrome 
42/W/F pyelonephritis 
7 Obstructed ureter, pyelonephritis, 1M Abdominal abscess and colonic 
40/B/F and abscess fistula 
8 Obstructed bladder outlet and 180 Cardiorespiratory failure 
12/W/M pyelonephritis 
9 Hypertension 365 Overhydration, congestive 
37/W/M heart failure, and pulmonary 
; edema 
10 Obstructive uropathy and 123 Overhydration, congestive heart 
15/B/M pyelonephritis failure, and pulmonary edema 
11 Hypertension 129 Overhydration, congestive heart 
6/B/M failure, and pulmonary edema 
12 Vesicoureteral reflux with 125 Overhydration, congestive heart 
22/W/F lupus nephritis failure, and pulmonary edema 
13 Routine in patient with 164 Overhydration, congestive heart 


Table 2.—Clinical Characteristics of Patients in Wayne State University Transplant Program 


None, Therefore No To Eliminate or Hypertension Resistant Polycystic 
Nephrectomy Performed Prevent Infection to Therapy Routine Kidneys 
No. of patients 52 28 26 7 6 
Sex, % males 65 32 54 57 50 
females 35 68 46 43 50 
Race, % black 54 25 77 57 33 
white 46 75 23 43 67 
Age (mean + SE) 31=2 2122 27 =2 32+4 49+2 
Operative mortality 1/28 4/26 0/7 0/6 
(3.6%) (15.4%) 0 0 
Overall operative mortality: 5/67 (7.5%) 
Cause of Renal Failure, % 
Glomerulonephritis 56 3 42 86 
Nephrosclerosis 8 3 54 0 
Miscellaneous 15 3 0 
Unknown 21 0 14 
0 


reflux was present, the ureter, down to 
the bladder, was removed. Postoperative 
drainage was not used. Preoperative and 
postoperative care, including the use of he- 
modialysis, has been described in detail.’ 
On one occasion peritoneal dialysis 
through a chronic indwelling peritoneal 
cannula was used to control the uremic 
state preoperatively and postoperatively, 
and the kidneys were removed retroperito- 
neally through bilateral flank incisions. Bi- 
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failure, and pulmonary edema 





lateral nephrectomy through the bed of the 
12th rib was not used in the series but may 
have advantages in a number of patients.* 


Results 


Mortality and Morbidity—Five of the 
patients died in the immediate post- 
operative period (Table 1). Four of 
these patients underwent nephrec- 
tomy because of uncontrolled hyper- 
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Fig 1.—Bilatera pathologic hip fractures 
following a grand "mal seizure after nephrec- 
tomy. Seizure-was >recipitated by excessive 
fluid administraticr during operation. Renal 
osteodystropfy predisposed him to frac- 
tures. Note migration ef pins into joint 
space. 


tension and will be discussed in the 
section on hypercension. 

It is difficult to judge how much the 
bilateral nephrectomy contributed to 
the late deaths of the remaining 
eight patients im Table 1. They died 
on an average o 179 days following 
the nephrectomy SD = 84). Five of the 
patients died in =ongestive heart fail- 
ure with pulmonary edema as a result 
of self-adminiscered fluid over- 
loading. The more stringent fluid re- 
quirement imposed on anephric pa- 
tients, as opposed te a more liberal 
fluid allowance permitted patients 
with some arine output, played a 
varying role in th2 death of these pa- 
tients. It is our impression that at 
least two of the fiwe patients had 
more difficulty wh fluid overloading 
after the bilateral) nephrectomy than 
before. 

The nonlethal complications that 
followed nephrectomy are listed in 





Increased Plasma 
Renin Activity 


Negative sodium balanee 
‘Decrease in “effect ve’™biood volume 
Mineralocortisoid ficiency 
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Table 3.—Factors Affecting Renin Release 


Upright position Supine position 
Diuretics Methyldopa 
Hydralazine hydrocaloride Propranolol hydrochloride 


Table 4. Infections, particularily 
those at the site of the removed kid- 
neys, were often related to hema- 
tomas. We therefore recommend 
careful hemostasis during the oper- 
ation and rigidly controlled regional 
heparinization during postoperative 
hemodialysis. 

Postoperative fever presumed to 
arise from an intra-abdominal infec- 
tion led to the use of kanamycin sul- 
fate in another patient. Total deaf- 
ness resulted. This complication of 
routine nephrectomy has signifi- 
cantly marred the fact that the pa- 
tient has had a functioning cadaver 
kidney transplant for four years. 

Excessive fluid and blood given to 
another patient during a routine ne- 
phrectomy contributed to the precipi- 
tation of a grand mal seizure with bi- 
lateral pathologic hip fractures that 
required internal fixation (Fig 1). 
During the subsequent four months, 
this patient endured considerable dis- 
comfort and disability. 

One of the two patients who bled 
from the upper gastrointestinal tract 
after a routine nephrectomy did well 
following a vagectomy and pyloro- 
plasty. The other patient stopped 
bleeding with nonoperative manage- 
ment. 

Additional problems, consisting of 
clotted shunts, hyperkalemia, and 
overhydration, can have dire conse- 
quences. The incidence of clotted 
shunts and fistulas was approxi- 
mately 10% and usually occurred in 
conjunction with the other complica- 
tions. 

Another drawback to nephrectomy 
found among some of our patients 
was the increased transfusion re- 


quirements following removal of the 


kidneys. Other groups have shown 
that anephric patients on hemodial- 


Decreased Plasma 
Renin Activity 
Positive sodium balance 
Increase in ‘‘effective’’ blood volume 
Mineralocorticoid excess 
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ysis have lower hematocrit levels and 
require more transfusions than pa- 
tients who retain their diseased kid- 
neys.*® Although one would expect 
this to be related to the removal of re- 
nal erythropoietin activity, there has 
been no correlation between the 
anephric state and plasma eryth- 
ropoietin and hematocrit.’ Nonethe- 
less, since patients in our program 
have had to wait up to seven months 
between nephrectomy and transplan- 
tation, it may be of importance to 
minimize presensitization of recipi- 
ents by decreasing their need for 
blood transfusions. By avoiding ne- 
phrectomy, one also eliminates the 
possibility of receiving blood transfu- 
sions to replace blood loss, which 
might be incurred during the course 
of this operation. 

Polycystic Kidneys—All of the pa- 
tients in our renal transplant pro- 
gram with polycystic kidneys have 
had bilateral nephrectomy. Details of 
these six patients are included in 
Table 2. 

The need for pretransplant ne- 
phrectomy relates to the large size 
the cysts can attain, the increased in- 
cidence of hematuria and bleeding 
into cysts, and the tendency for the 
cysts to become infected. In patients 
with infected cysts that have favor- 
ably responded to treatment, the pos- 
sibility of subsequent flare-up of in- 
fection, especially while the patient is 
immunosuppressed, seems to warrant 
nephrectomy. 

Lazarus et al, in their series of 14 
patients with polycystic kidneys who 
were treated by renal transplanta- 
tion, did not find it necessary to re- 
move the kidneys in two patients.’ 
The American College of Surgeons- 
National Institutes of Health Organ 
Transplant Registry reviewed 92 ca- 


Table 4.—Nonlethal 
Complications of Bilateral 
Nephrectomy 


Wound infections and disruption 
Abdominal abscess 
Gastrointestinal bleeding 
Psychosis 

Kanamycin toxicity (deafness) 
Bilateral hip fractures 
Postoperative site bleeding 
Pneumonitis 
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Uncontrollable Infection 
Hypertension 


Patients on Hemodialysis 


Fig 2.—PRA levels of patients on hemodialysis. 
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Controlled BP 
Normal PRA Normal PRA 


Uncontrolled BP 
Elevated PRA 


Decrease in Mean BP, mm Hg 





100F (Group of 6 Patients) 


Plasma Renin Activity, 10.7 t 3.6 1.3 0.4 08 1.4£1.5 


Angiotensin |, ng/ml/hr 


Fig 3.—Decrease in mean blood pressure (BP) among bilaterally 
nephrectomized patients. Three narrow bars represent decrease in 
mean blood pressure in three patients with uncontrolled blood pres- 
sure and normal PRA levels. The latter are given at bottom of bar 
graph. 


daver transplants—50 patients with 
polycystic kidneys that were removed 
and 42 patients with their diseased 
kidneys in place.” There was little dif- 
ference in survival of the transplants 
between these two groups. 

Although nephrectomy may be per- 
formed following a renal transplant 
if the polycystic kidneys are small 
and have not bled nor become in- 
fected, we prefer to remove them 
prior to transplantation for the rea- 
sons stated above. Hatfield and Pfis- 
ter recently reported that symptoms 
could be related to the size of the kid- 
neys.'° Symptomatic patients had a 
combined renal weight that averaged 
930 gm. Asymptomatic patients with 
polycystic disease had kidneys with a 
combined weight that averaged 512 
gm. The patients in our series had 
kidneys that were considerably larger 
than the former figure and also had a 
high incidence of complications. The 
mean combined weight of the kidneys 
removed (+ SD) was 2,071 + 735 gm. 
Of the six patients, one had bleeding, 
one had infection, and four had both 
complications. 

Hypertension—Twenty-six patients 


_ in the present series underwent ne- 
_ phrectomy because of our inability to 


control their blood pressures with he- 
modialysis, fluid and sodium restric- 
tion, and antihypertensive drugs 
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(Table 2). Over 75% of these patients 
were black. This finding is not unex- 
pected in view of the fact that hyper- 
tension is two to three times more 
common in blacks than in whites, and 
that blacks have a seven- to tenfold 
higher mortality associated with hy- 
pertensive disease than whites do.” 
Ten of the 26 patients had PRA de- 
terminations preoperatively. An 11th 
patient with uncontrolled hyperten- 
sion who refused nephrectomy and 
died of cerebral hemorrhage is in- 
cluded in this group (Fig 2). Figure 2 
also shows the PRA levels of seven 
patients who underwent nephrectomy 
to eliminate or prevent infection. The 
PRAs of 16 patients with chronic re- 
nal failure and neither uncontrollable 
hypertension nor infection are also 
shown in Fig 2. These latter two 
groups serve as more reasonable con- 
trols for patients with uncontrollable 
hypertension than a group of subjects 
who do not have chronic renal failure. 
The mean PRA of patients with un- 
controlled hypertension was higher 
than either of the other two groups. 
In fact, all of the overlap is explained 
by three patients whose uncontrol- 
lable hypertension may have been 
more related to their inappropriate 
salt and water intake between 
dialyses. Two of these three patients 
had no reduction in blood pressure 


following bilateral nephrectomy (Fig 
3). 

Four of the 16 patients in whom 
PRA determinations were not done 
and who had nephrectomies solely be- 
cause of their lack of response to vig- 
orous hemodialysis, fluid and sodium 
restriction, and antihypertensive 
drugs, failed to benefit appreciably 
from the procedure. However, all of 
the patients with hyperreninemia 
and uncontrollable hypertension had 
a significant reduction in hyperten- 
sion (Fig 3). 

Figure 3 shows the decrease in 
mean blood pressure (diastolic pres- 
sure plus 40% of pulse pressure) and 
PRA levels for several patients who 
were subjected to nephreetomy. The 
blood pressures compared were those 
obtained 24 hours before and 48 hours 
after the operation. Six ot the seven 
severe hypertensive patients with 
PRA levels greater than 2 nanograms 
of angiotensin I per milliliter per 
hour had nephrectomies. The blood 
pressure fell from an average of 
199/128 mm Hg to 117/70 mm Hg 
(P<.001). There was also a signifi- 
cant difference between the fall in 
blood pressure of those with high and 
low PRA levels (P<.005). No correla- 
tion was found between the decrease 
in mean blood pressure following ne- 
phrectomy and the prenephrectomy 
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ee | 
Fig 4.—Minirael vesieoureteral reflux in 


patient with enc-stage renal disease second- 
ary to systemic wous. 





Fig 5.—Miramel vesiceureteral reflux in 
patient with corame renal failure caused by 
nephroscleros s. 


PRA level. 

Malignant EF ypertension.—This syn- 
drome can be sound among hyperten- 
sive patients irrespective of the cause 
of the high Heod pressure. It was 
diagnosed in a@ent of the 26 patients 
who had nephr<omies for hyperten- 
sion. The halimerks of this syndrome 
are fixed elevatien of the blood pres- 
sure with diast» ic levels in the range 
of 120 to 130 mm Hg and severe 
changes in the optic fundi. These pa- 
tients are rmferned to nepkrologists 
because acce era d hypertension pro- 
duced irreversible renal failure (ma- 
lignant nephroscErosis), another hall- 
mark of the syndrome. Formerly, 
uremia accounted for most of the 
mortality (72%) associated with accel- 
erated hypertexsion.” Now that renal 
failure can be comrolled by h2modial- 
ysis, one would =xvect to see the brain 
and the heart, the other two target 
organs affected by malignant hyper- 
tension, sustaim sufficient injury to 
cause the patiens death, the brain 
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Table 5.—Total Nephrectomy to Eliminate 
or Prevent Urinary Tract Infection or Pyelonephritis 


Major Lesion 
Predisposing to Infection 


Vesicoureteral reflux 15 


Obstructive uropathy 


Congenital malformation* 
None 





No. of 
Patients 


Associated Pathology (No.) 


Congenital malformation* (4) 
Glomerulonephritist (1) 
Lupus nephritist (1) 
Nephrosclerosist (1) 

None (8) 


Congenital malformation* (3) 
Neurogenic bladder (2) 
Bladder outlet obstruction# (5) 
Ureteral stricture (1) 


* Either aplasia, hypoplasia, or dysplasia of the kidneys. 
f Did not have pyelonephritis. Nephrectomy was prophylactic. 


t Includes urethral obstruction. 





For 


1. Prevent recurrent glomerulonephritis 

2. Facilitate posttransplant evaluation 
of donor kidney by not confusing 
urine output and urinary sediment 
from diseased kidneys with those 
from renal transplant 

3. Eliminate massive proteinuria 

4. Remove polycystic kidneys with their 
potential to bleed or become in- 
fected 

5. Eliminate source of infection by re- 

moving pyelonephritic kidneys 
. Facilitate control of hypertension 


being more vulnerable than the heart. 
Another of the hallmarks of malig- 
nant hypertension is hyperreninemia. 
When the clinical manifestations of 
accelerated hypertension are present 
with elevated PRA levels and renal 
failure, and there has been little re- 
sponse to medical management, in- 
cluding hemodialysis, bilateral ne- 
phrectomy should be carried out with 
a minimal amount of delay. Only 
one of our patients with malignant 
hypertension, substantiated by 
biopsy, failed to have elevated PRA. 
Interestingly, this patient also did 
not have an appreciable drop in blood 
pressure after nephrectomy. Our data 
show quite clearly that most patients 
with uncontrollable hypertension 
have a dramatic fall in blood pres- 
sures after nephrectomy when the 
prenephrectomy PRA is elevated. 
Prolonged attempts at controlling 
the hypertension may lead to cerebro- 
vascular catastrophies or sufficient 
deterioration of the cardiovascular 
system so that the operative proce- 
dure carries a greater risk. We be- 


Table 6.—Rationale of Pretransplant Nephrectomy 











Against 









Mortality 

Morbidity 

Rigid postnephrectomy fluid restric- 
tion 

Increased transfusion requirements 
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Fig 6.—Vesicoureteral reflux demon- 
strated on voiding cystourethrogram. Left 
kidney was removed because of pyonephro- 
sis. Ureteral dilatation was more marked be- 
fore left nephrectomy. This patient repre- 
sents congenital variety of vesicoureteral 
reflux with all of its pernicious sequelae. 


lieve that a prolonged attempt at con- 
trolling the blood pressure in the four 
patients who died postoperatively in 
this series may have played a signifi- 
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cant role in their deaths. Two of the 
patients had been under treatment 
for several months for malignant hy- 
pertension. 

We are firmly convinced that bilat- 
eral nephrectomy should be per- 
formed promptly when there is severe 
hypertension unresponsive to hemodi- 
alysis, fluid and salt restriction, and 
aggressive drug therapy. This is espe- 
cially true if the PRA is elevated. 

Operative Mortality Following Ne- 
phrectomy for Hypertension.—W ilkin- 
son et al have recently emphasized 
that patients who have nephrectomy 
for hypertension are very sensitive to 
fluid depletion and need more fluid in 
the postoperative period than one 
would expect an anephric patient to 
require.‘ Up to 6 liters in the first 24 
postoperative hours was administered 
to their patients without an elevation 
in central venous pressure! Lazarus et 
al, on the other hand, had a somewhat 
different experience. Eight of their 
patients underwent bilateral ne- 
phrectomy for malignant hyperten- 
sion. No patient required more than 
800 ml of fluid during the first 24 
postoperative hours. However, they 
did notice signs of intravascular vol- 
ume deficits in their patients postop- 
eratively. 

Our experience would support the 
observation that, following removal 
of kidneys which are secreting large 
amounts of renin, there is a relative 
decrease in the blood volume. The 
relative deficit may come about when 
the previously constricted peripheral 
vessels dilate after being freed from 
the influence of the renin-angiotensin 
system. If blood and fluid losses dur- 
ing this crucial period are not imme- 
diately replaced, shock quickly en- 
sues. This happened to two of the four 
patients who died following nephrec- 
tomy and contributed to the death of 
the two patients who died of pneu- 
monia. One of the latter patients had 
been on vasopressor drugs for several 
days prior to her death. The two pa- 
tients who died in shock had collec- 
tions of blood in the renal beds. The 
absolute amount of blood present was 
not great, but in view of the tenuous 
state of the cardiovascular reserve in 
these patients, we believe the blood 
loss was a significant factor in caus- 
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ing death. Treating anephric patients 
under these circumstances can be dif- 
ficult since one may easily pass from 
a hypovolemic hypotensive state to 
congestive heart failure and pulmo- 
nary edema. 

Nephrectomy to Eliminate or Prevent 
Urinary Tract Infection and Pyeloneph- 
ritiss—Among the 28 patients in this 
group, six had undergone a unilateral 
nephrectomy for advanced pyelo- 
nephritis before they had become 
candidates for renal transplantation. 
Three patients were found to have 
agenesis of one kidney. These nine 
patients underwent “total” nephrec- 
tomy, ie, removal of their remaining 
kidney, prior to transplantation. 

An abnormality that predisposed 
the patient to infection was identi- 
fied in all but one of the 28 patients 
(Table 5). An increasing number of 
studies have pointed out that end- 
stage renal disease caused by pyelo- 
nephritis in the absence of a struc- 
tural abnormality of the kidney or 
urinary tract is quite uncommon." In 
diagnosing chronic pyelonephritis, we 
have adopted rigid criteria that re- 
quire the demonstration of calyceal 
involvement, radiographically and 
pathologically, and bacteriologic evi- 
dence of infection. In addition to 
these criteria, we search assiduously 
for a structural abnormality such as 
those listed in Table 5. In this regard, 
the importance of a careful detailed 
urologie evaluation of all patients 
being considered for renal transplan- 
tation cannot be overemphasized. 
This should include examination of 
the urinary sediment, urine cultures, 
cultures of bladder washings, voiding 
cystourethrography, cystoscopy and 
retrograde pyelography, and cys- 
tometrograms where indicated. These 
studies will detect those patients with 
vesicoureteral reflux and other struc- 
tural abnormalities that will compro- 
mise the success of the transplant 
procedure. 

Vesicoureteral Reflux.—The fre- 
quency of vesicoureteral reflux has 
been reported to be about 20% in pa- 
tients with end-stage renal disease.'® 
The incidence in our series was 13%. 
Chronic pyelonephritis was present in 
all but three of the patients. The 
reflux in these three patients was 


minimal (Fig 4 and 5). However, ve- 
sicoureteral reflux acts in a manner 
similar to an obstructive uropathy. 
There is stasis in the bladder and up- 
per urinary tract, which predisposes 
to infection. Placing a kidney trans- 
plant into a bladder under these cir- 
cumstances may prove to be a great 
hazard, especially when immuno- 
suppression further facilitates the es- 
tablishment of infection. It has been 
our experience, and that of others,” 
that urinary tract infections are very 
common in the immediate post- 
transplant period. On this basis it 
might seem logical to perform bilat- 
eral nephroureterectomy on all of 
these patients. 

There can be little controversy con- 
cerning the removal of renal units 
that are grossly dilated, that contain 
infected urine, and that have demon- 
strated vesicoureteral reflux. Patients 
with congenital nonobstructive vesi- 
coureteral reflux with dilated later- 
ally and superiorly placed ureteral 
orifices have severe problems (Fig 6). 
Less florid examples of pyelenephritis 
that seem to be related te vesicou- 
reteral reflux have been seen in this 
series. The precise relationship be- 
tween the pyelonephritis end reflux 
among these individuals is somewhat 
controversial. However, the patients 
we have seen with end-stage renal 
disease who have significant degrees 
of reflux have all had pyelonephri- 
tis. These renal units may constitute 
hazardous foci of infection in immu- 
nosuppressed patients with kidney 
transplants. They should be removed 
to eliminate any possibility of infec- 
tion of the urinary tract or kidney 
during the posttransplant period. 

Obstructive Uropathy.—Lesions that 
caused obstruction to the flow of 
urine and predisposed to pyeloneph- 
ritis are given in Table 5. All of these 
patients had attempts at correcting 
these lesions but developed irrevers- 
ible renal failure as a result of chronic 
pyelonephritis. 

Congenital Malformatiens.—Hypo- 
plastic or dysplastic kidneys have a 
high incidence of infection.’ The 
pyelonephritis, superimposed on an 
already compromised kidney, may be 
sufficient to cause renal failure. How- 
ever, when there is no infection nor 
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hypertension wit hyperreninemia, 
there is no apzaren: need to remove 
the nonfunetietinz <idneys.'* In this 
series, there was me patient with a 
hypoplastic kime who had nephrec- 
tomy because 3f byperreninemic hy- 
pertension amd taree patients with 
hypoplastic er dysolastic kidneys that 
were not removec prior to renal 
transplantatien. 
Comment 

Early in the histery of renal trans- 
plantation, t was Delieved that ne- 
phrectomy sheild be “routinely” car- 
ried out im all patients prior to 
transplantatier. Tle reasoning be- 
hind this poi, as well as the reasons 
for avoiding memoval of all kidneys 
prior to trams-lamtetion, are given in 
Table 6. 

Dixon, Menaud, and Lerner pre- 
ent a most elequent case for bilateral 
nephrectomy = patients with rapidly 
progressive 2 smerulonephritis.’® The 
rationale is f remove the source of 
stimulation cœ aatglomerular base- 
ment membæne GBM) antibodies 
and thus mimmize the chances of re- 
current glomemulcmephritis in kidneys 
transplanted <o sæh patients. They 
also recomme= d itt#rim maintenance 
of the patienc om = regimen of long- 
term dialysis and vigorous immuno- 
suppressive taerap~ before and after 
transplantatim. Taese investigators 
point to the @=perience obtained with 
twin renal grafts wherein 11 of 17 pa- 
tients develop2d recurrent glomerulo- 
nephritis. 

Hume et a have recently reviewed 
this problem n denth and concluded 
that there is 10 jefinitive answer to 
the questierm shəald host nephrec- 
tomy be perfarmec, and if so at what 
time relative te transplantation??? 
However, it seems best to Hume and 
his associate to remove the kidneys 
in patients witk slomerulonephritis 
prior to rena tremsplantation. About 
10% of the pe-ierts in their study de- 
veloped reeuz~en~ nephritis. 

It is diffiew t ta recognize patients 
with glomervleneparitis secondary to 
anti-GBM actibecy. Unfertunately, 
there is me cdiimically adaptable 
method that ear De used to detect 
anti-GBM sntibodies. The differ- 
entiation o: reeurrent glomerulo- 
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nephritis in a transplanted kidney 
from the myriad manifestations of 
rejection is also quite difficult.” For 
these reasons we have not been able 
to identify, neither prospectively nor 
retrospectively, which patients with 
glomerulonephritis should be, or 
should have been, candidates for pre- 
transplant nephrectomy. Nor are we 
aware of evidence to indicate that re- 
moving the kidneys will improve the 
prognosis of patients with glomerulo- 
nephritis. In our series of cadaver re- 
nal transplants to recipients with 
well-documented glomerulonephritis, 
x’ analysis reveals no statistically sig- 
nificant difference in the one-year 
survival rate between 20 patients 
with and nine patients without their 
diseased kidneys. Since the one-year 
survival of kidneys in patients with 
nephrectomy was 55%, while the same 
figure for patients without nephrec- 
tomy was 35%, and our experience is 
not large, we consider the question of 
whether or not nephrectomy is bene- 
ficial an open one. 

Based on the above information we 
have concluded that the possible ben- 
efits of nephrectomy in preventing 
recurrent glomerulonephritis do not 
outweigh the real risks of morbidity 
and mortality of the operation. How- 
ever, if patients with anti-GBM anti- 
bodies could be identified preopera- 
tively, a more convincing argument 
for nephrectomy prior to transplanta- 
tion could be developed. Such appears 
to be the case in patients with Good- 
pasture syndrome where pretrans- 
plant nephrectomy is required.” 

Another infrequent indication for 
bilateral nephrectomy is excessive 
loss of protein in the urine.” We have 
seen three patients with massive pro- 
teinuria and consider this valid indi- 
cation for removing the kidneys prior 
to transplantation. 

Since we place great emphasis on 
the serum creatinine level in eval- 
uating the degree of immunologic in- 
jury inflicted upon renal transplants, 
we do not find it confusing to have 
the diseased kidneys in place, contrib- 
uting to the urine output and urinary 
sediment. 

The aforementioned considerations 
thus provide little support for the 
practice of routinely removing the 
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kidneys prior to renal transplanta- 
tion. The major indications remain 
those that we originally postulated to 
be valid reasons for pretransplant ne- 
phrectomy. 

Hyperreninemia has been found to 
be a valuable guide in selecting pa- 
tients for nephrectomy when hyper- 
tension proves difficult to control by 
hemodialysis, restricted fluid and so- 
dium intake, and antihypertensive 
drugs. Several studies have shown 
this to be true and patients with re- 
nin-dependent hypertension have 
been shown to achieve significant re- 
duction in their blood pressures after 
bilateral nephrectomy.'*:?**° Further- 
more, since estimates of the half-life 
of renin have been no higher than six 
hours,” one can expect to see this ef- 
fect fairly promptly, certainly within 
48 hours of the operation. These prin- 
ciples have been borne out by the 26 
patients in this series who have had 
bilateral nephrectomy for hyperten- 
sion. 

Structural or functional abnormal- 
ities of the kidneys and urinary tract 
are also indications for nephrectomy 
or nephroureterectomy since these le- 
sions predispose to infection. Neph- 
roureterectomy is an operation that is 
more likely to cause complications 
than simple nephrectomy because a 
larger surface area of retroperitoneal 
tissue is disrupted. This could result 
in a higher incidence of hematomas 
and infections. 

However, it would seem wise to 
carry out nephroureterectomy under 
the following conditions: when ve- 
sicoureteral reflux and chronic renal 
infection coexist and when there is 
massive vesicoureteral reflux with or 
without infection. The desirability 
of nephroureterectomy with minimal 
vesicoureteral refiux without evi- 
dence of chronic urinary infection 
past or present is still unclear and re- 
quires more careful evaluation. 


This investigation was supported by grants 
from the Michigan Kidney Foundation, Mich- 
igan Heart Association, and Detroit General 
Hospital Research Corporation. 
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of these patients. 
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CHARLES A. HusBay, MD, Cleveland: Dr. 
Rosenberg kindly offered his manuscript 
for review in advance of the meeting. The 
use of pretransplant nephrectomy today is 
confined to specific indications in the 
patient with end-stage renal disease on 
chronic dialysis. Infection, gross hema- 
turia, massive proteinuria, polycystic kid- 
neys, and hypertension, both malignant 
and renin-dependent, are classical indica- 
tions. Unfortunately, most patients even- 
tually fall into these categories at some 
stage of their disease. The vast majority, 
however, are hypertensive problems, not 
well-controlled by dialysis and fluid-so- 
dium restriction. Bilateral nephrectomy in 
most instances makes subsequent manage- 
ment and drug therapy simpler. 

The surgery, however, is not without 
risk as he has pointed out, and patient se- 
lection is important. Identification of the 
renin-dependent hypertensive is an impor- 
tant step in identifying those patients 
needing surgery and aiding in the timing 
of the operation. 

The operative mortality for the hyper- 
tensive group, 15.4%, is higher than the 
other groups, an indication of increased 
difficulty in management of these patients. 
Our own mortality, in a smaller series is 
around 6%, reflecting surgery in less se- 
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Discussion 


vere hypertensives. 

A significant number of patients follow- 
ing successful transplantation, not pre- 
ceded by bilateral nephrectomy, still 
develop hypertension in spite of good 
transplant function. Surgery in these pa- 
tients is now complicated by immuno- 
suppression adding to the operative risk. I 
would like to ask Dr. Rosenberg what his 
experience is in following the plasma renin 
activity in this type of patient. 

ISRAEL PENN, MD, Denver: For the past 
10% years it has been our policy to perform 
routine nephrectomies, usually at the time 
of transplantation, in all patients receiving 
kidneys from living donors, as it is our 
impression that their postoperative man- 
agement is made somewhat easier. In ca- 
daveric renal recipients, in whom the oper- 
ation is often done at very short notice, the 
patients are brought to surgery less satis- 
factorily prepared, and we therefore have 
confined the operation to the transplant 
procedure only. Although some of these pa- 
tients have had preliminary nephrectomies 
for some of the indications mentioned by 
Dr. Rosenberg, the others have not had ne- 
phrectomies and have rarely had problems 
with their retained kidneys. Thus, the ex- 
perience in our cadaver program generally 
supports Dr. Rosenberg’s conclusions. 
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We belive that there are two additional 
indications for nephrectomy besides those 
mentioned by Dr. Rosenberg. In patients 
with rapidly progressing glomerulonephri- 
tis preliminary nephrectomies should be 
performed some months before transplan- 
tation. At a previous meeting of this soci- 
ety we presented the highly satisfactory 
results that can be obtained when patients 
with Goodpasture syndrome are treated in 
this manner. After nephrectomy in these 
patients, circulating anti-GBM antibody 
disappeared from the serum. We also per- 
form nephrectomies if acute glomerulone- 
phritis is of the antigen-antibody complex 
variety. 

An incidental justification for per- 
forming nephrectomies in elective cases is 
that the kidneys may occasionally harbor 
an incidental malignant neoplasm. We 
have collected 12 such cases from vari- 
ous transplant centers (Transplantation 
14:407, 1972). In these cases routine ne- 
phrectomies were performed before, or at 
the time of transplantation, or within a 
few weeks of the operation and the neo- 
plasms were unsuspected findings. It is 
conceivable that just as hepatoma may oc- 
cur as a complication of cirrhosis of the 
liver, a renal carcinoma may occur in pa- 
tients with chronic renal failure who have 
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been kept alive for prconged periods by 
means ef dialysis. 

We would questice whether vesicoureter- 
al reflux per se is ana salute indication for 
nephreetomy particalamly as the authors 
recommend remova cf he ureters as well. 
In our experience tmssisnot necessary, and 
the ureters may prove very useful should 
the patent develop cengplications with the 
homograft ureter. 

In a patient of ouxs, after transplanta- 
tion with uretermeorystostemy hydro- 
nephrosis later develeped. The obstructing 
area was resected ame the donor ureter 
anastomosed to the-recspient’s own ureter. 
Despite active reflar mto the ureter the 
kidney functioned satsfactorily for sev- 
eral years. We beleve that in eases with 
vesicouretera! reflex removal of the ure- 
ters is necessary eny when they are di- 
lated end tortucus- 

R. C Gutrmann, MC, Montreal: I appre- 
ciate “he opporturity to give a nephrol- 
ogist’s view ef thi. »reblem. The decision 
about whether cr apt aspatient should have 
bilateral nephreesom- before a renal 
transplant is an extremely important one, 
and as illustrated by tl= paper presented, I 
would agree that « recrospective analysis 
coupled with gooc «ommon-sense clinical 
judgment can sugzest such a rational ap- 
proach. 

It is quite clear hatpatients with previ- 
ously decumentec ixfection, urinary tract 
abnormalities, ane pclycystic kidney dis- 
ease should have a nephrectomy and what- 
ever reconstruetiwe surgery is necessary 
prior to transplartatn. The other clear 
indication where bilateral nephrectomy 
prior zo transplarta-ian is important is the 
case where severe ard uncontrollable hy- 
perteasion develes= ss mentioned by Dr. 
Rosenberg. 

Qur own expereac= shows a somewhat 
lower rate of unraenageable hypertensive 
patients. Howeve, tne incidence of this 
problem may vary among patient popu- 
lations. I think the crucial question is 
whetaer or notspacients with a past history 
of glbmerulonepsricis should be routinely 
subjected to bilateral nephrectomy because 
of immunolegical r=nal disease. 

The evidenee tha. glomerulonephritic 
kidneys left inssit cantinue to be a source 
of autoantigen that gives rise to auto- 
antibodies əf varius sorts, which then 
damage the tran piaated kidney, is based 
on very scanty Hence. Furthermore, in 
those few patient wao have demonstrable 
level of antigiomerviar antibody, it is not 
completely clear whether or not subse- 
quert transplartstibn results in per- 
manent damage although there may be 
transient fixatior € his antibody and pro- 
teinaria. 
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Independent of whether or not nephrec- 
tomy has been carried out, the transplan- 
tation of kidneys into patients with recent 
acute and rapidly progressive glomerulo- 
nephritis is associated with a rapidly 
progressive glomerulopathy in the graft. 
There is, however, no solid evidence that 
this is due to the old renal tissue that has 
remained in the recipient, but rather due 
to a systemic process. 

DUANE T. FREIER, MD, Ann Arbor, Mich: 
I too would like to compliment Dr. Rosen- 
berg and his group for addressing them- 
selves to a problem that has been some- 
what bothersome to us over the past years. 

In some 240 transplants, we have done 
pretransplant nephrectomy or transplant 
nephrectomy on almost every one. In a re- 
cent American College of Surgery/National 
Institutes of Health Transplant Registry 
report, it has been clearly shown that the 
only group that really benefits from it are 
the pyelonephritiecs. My question is this: 
How do you know which of these end-stage 
renal diseases are truly pyelonephritic? It 
would really bother me if I had a positive 
urine culture in a posttransplant patient, 
not knowing whether the positive culture 
came from the kidneys that were left be- 
hind or from the transplanted kidney. 

Another question: Could we carry this a 
little farther and say that perhaps those 
people with increased renin plasma levels 
might be better treated with propranolol? 
Propranolol has been shown to have anti- 
renin activity. How reliable do you con- 
sider your plasma renin studies? Your fig- 
ures look good, but we have not been able 
to rely on them for our renal artery ste- 
nosis studies. 

Dr. ROSENBERG: Dr. Guttmann’s point 
concerning the difference in population be- 
tween his series and ours is well taken. In 
our group, we found that 77% of the hyper- 
tensivepatients were black, whereas in the 
group who had nephrectomy for other rea- 
sons, 40% were black. The high incidence of 
hypertension in blacks is well known. Since 
half the patients in our series were black, 
this may account for the high number of 
patients in our series who required ne- 
phrectomy for hypertension. 

Dr. Hubay is quite right about the post- 
operative management of these hyperten- 
sive patients. They are a real challenge. 
When one removes the kidneys, the drop in 
blood pressure is quickly seen, certainly 
within the first few hours postoperatively. 
At this time the peripheral vascular bed, 
which has been constricted for months or 
perhaps years, dilates, and there is a rela- 
tive deficit in the blood volume. The result- 
ant drop in blood pressure is very dra- 
matic. One is then confronted with an 
anephric patient who requires fluid. Man- 


aging this patient can be very difficult. 
With just a few hundred milliliters one can 
pass from shock to pulmonary edema. 

In the posttransplant period, plasma re- 
nin activities have also been very helpful. 
We have one very striking experience in 
this regard. A young woman with glomeru- 
lonephritis had not had her kidneys re- 
moved prior to transplantation but did 
very well except for persistent hyperten- 
sion. We measured her plasma renins pe- 
ripherally and in the renal veins of the glo- 
merulonephritic kidneys. High levels were 
found. We removed the diseased kidneys 
after transplantation with complete remis- 
sion of the hypertension. We have followed 
her for over a year, and she has not had 
hypertension, even though she has had 
mild rejection of the transplant. 

I think Dr. Penn may be very right 
about the indication for nephrectomy in 
patients with rapidly progressive glomeru- 
lonephritis. However, we have no data on 
this question. There is no definitive answer 
to the question of whether patients with 
rapidly progressive glomerulonephritis 
should have nephrectomy. It certainly ap- 
pears that patients with Goodpasture dis- 
ease should have nephrectomy. 

Dr. Penn is correct with regard to neph- 
roureterectomy. This is a more difficult op- 
eration and has more complications associ- 
ated with it than plain nephrectomy. In 
removing the ureter one obliterates the 
retroperitoneal space and makes it diff- 
cult to go back and do a transplant on that 
side. However, we advise nephroureterec- 
tomy for reflux because leaving a reflux- 
ing ureteral diverticulum behind may be 
troublesome. It may lead to urinary stasis 
and infection. 

Dr. Freier asked about chronic pyelo- 
nephritis. I want to emphasize again that 
chronic pyelonephritis leading to end-stage 
renal disease is very rare in the absence of 
an anatomical, structural, or functional ab- 
normality. This is what we use as our ma- 
jor indication for nephrectomy in patients 
with pyelonephritis. Another indication, of 
course, depends upon bacteriologic studies. 
When bladder washings are positive, then 
I think this is presumptive evidence of in- 
fection, and the kidneys should be re- 
moved. 

With regard to the reliability of plasma 
renin activity as a guide to selecting pa- 
tients for nephrectomy, I can only say that 
it has proved very helpful when it is con- 


sidered along with the patient’s total clini- 


cal condition. We do not rely on it alone but 
also place a great deal of reliance on the 
patient’s response to hemodialysis and 
medical therapy. 
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unique view of the gallbladder, from the inside looking out, 
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1. Artist's conception of cutaway view of gallbladder contain- 
ing stanes which, by causing irritation of the organ’s interior 
wall and restricting biliary fow. may play a role in the re- 
peated episodes of inflammation and infection associated 
with chronic cholecystitis. 

2. Artist's conception of microscopic section of gallbladder 
wall showing chronic state with superimposition of inflam- 
mation. edema and necrosis due to an acute episode. 














Of VIEW 


Vibramycin doxycycline) 
penetrates gallbladder tissue to 
reach susceptible pathogens 
Vibramycin can be useful in 
cholecystitis because it provides a wide 
antibacterial spectrum and therapeutic 
tissue concentrations: Vibramycin 
is active against susceptible'strains 

| Concentrations of oral Vibramycin in gallbladder tissue H of bacteria 











200 mg. PO. stat and 100 mg, PO. once daily unti surgery? INCluding Escherichia 
-Patien Er Concentration in Tissue | coli and Entero- 
O. meg./Gm. SE a PAINDE A 
1 2.80: i bacter aerogenes 
3 3°68 (formerly Aerobacter 
DASE Ee ate Nee ROE LES | aerogenes). 











1. Because not all strains of pathogens are susceptible, it is recommended 
that routine culture and susceptibility tests be performed. 

2. Fabre, J. et al.: Schweiz. Med. Wochenschr. 97:915, May 17, 1967. 

3. Concentration in the bile taken simultaneously: 24.2 mcg./ml. 


Vibramycın IV 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid. 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid. 
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See Brief Summary on following page for information on side effects and contraindications. 
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VibramycinlV. 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyc! 

to 100 mg. doxycycline with 480 mg. ascorbic acıd 
200-mg. vials containıng doxycycline ł yclate equivalent 
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Important facts about 
Vibramycin (doxycycline) 


a can maintain therapeutic blood 
levels with a single daily infusion 


a can be used without complexities 
of dosage alteration in patients with 
impaired renal function 


= does not significantly elevate BUN 
in patients with renal insufficiency 


=" virtually the same broad range 
of indications when switching from 
I.V. to oral form 


“Because not all strains of pathogens are susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


Vibramycin® Hyclate (doxycycline hyclate) and 

Vibramycin® I.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracyclines. 

Warnings: Use of tetracyclines during the last half of pregnancy, infancy and childhood to 
the age of 8 years may cause permanent discoloration of developing teeth. This is more 
common during long-term use of the tetracyclines but has been observed following repeated 
short-term courses. Enamel hypoplasia has also been reported. Thus, tetracyclines should 





contraindicated. Individuals receiving tetracycline antibiotics should be advised that direct 
sunlight or ultraviolet light can cause photosensitivity reactions. If these reactions 
(exaggerated sunburn) occur, discontinue therapy. Doxycycline forms a stable calcium 
complex in any bone-forming tissue. Fibula growth has been decreased in prematures given 
oral tetracyclines 25 mg./kg. q. 6h., but this reaction was reversible when the drug 

was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. Studies to date 
indicate that this does not occur to a significant degree with the use of Vibramycin in 
patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It should not be used 
in pregnant women unless, in the judgment of the physician, it is essential for the welfare of 
the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in fetal tissues and 
can have toxic effects on the developing fetus. Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recommended because 
safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking a drug in this class. 





Precautions:Overgrowth of nonsusceptible organisms may occur, including fungi. If such 
superinfectians are encountered, discontinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark -field examination should 
be done before initiating therapy. Conduct monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on anticoagulant 
therapy may require downward adjustment of their anticoagulant dosage. 

In long-term»therapy, conduct periodic laboratory evaluation of organ systems, including 
hematopoietic renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 

Avoid givingdoxycycline with penicillin because of possible interference with penicillin 
activity. 

Antacids containing aluminum, calcium, or magnesium impair absorption and should not 
be given concomitantly to patients taking oral Vibramycin. 


Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dysphagia, enterocolitis, 
inflammatory lesions (with monilial overgrowth) in the anogenital region, maculopapular 
and erythematous rashes, exfoliative dermatitis, photosensitivity, urticaria, angioneurotic 
edema, anaphylaxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus. hemolytic anemia, thrombocytopenia, neutropenia and eosinophilia have 
been reported. ?rolonged administration of tetracyclines may produce brown-black 
microscopic discoloration of thyroid glands. No abnormalities of thyroid function studies 

are known to eccur. Bulging fontanels have been reported in young infants on therapeutic 
dosage but disappeared when the drug was discontinued. A dose-related rise in BUN has 
been reported. 


Oral Adult and'Children’s Dosages: See the Vibramycin Oral package insert for 
recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral therapy is not indicated. Oral therapy should 
be instituted as soon as possible. If intravenous therapy is given over prolonged periods of 
time, thrombopnlebitis may result. 

The usual dosage and frequency of administration of Vibramycin I.V. (100-200 mg./day) 
differs from that of the other tetracyclines (1-2 Gm./day). Exceeding the recommended 
dosage may result in an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual recommended doses, does not 
lead to excessive accumulation of the antibiotic in patients with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent daily dosage is 100 to 
200 mg. depending on the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recommended dosage is 300 mg. 
daily for at least 10 days. 


Intravenous Children’s Dosage: The recommended dosage schedule for children weighing 
100 pounds or less is 2 mg./Ib. of body weight on the first day of treatment, administered in 
one or two infusions. Subsequent daily dosage is 1 to 2 mg./lb. of body weight given as one 
or two infusions, depending on the severity of the infection. For children over 100 pounds 
the usual adult dose should be used. (See “Warning” Section for Usage in Children.) 


General: The duration of infusion may vary with the dose (100 to 200 mg. per day), but is 
usually one to four hours. A recommended minimum infusion time for 100 mg. of a 

0.5 mg./ml. solution is one hour. Desired concentrations of the final solution should be 

0.2 mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 1.0 mg./ml. are not 
recommended. Therapy should be continued for at least 24-48 hours after symptoms and 
fever have subsiced. The therapeutic antibacterial serum activity will usually persist for 

24 hours following recommended dosage. 

Intravenous soiutions should not be injected intramuscularly nor subcutaneously. Caution 
should be taken to avoid the inadvertent introduction of the intravenous solution into the 
adjacent soft tissue. 

More detailed professional information available on request. 
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Improvement in Cadaveric 


Renal Transplant Survival 


Jean-Guy Beaudoin, MD; Ronald D. Guttmann, MD; 
Douglas D. Morehouse, MD; Juergen Knaack, MD; 


From November 1970 to February 1972, a 
total of 33 cadaveric kidneys were trans- 
planted into 32 patients. There were 17 low- 
risk patients and 15 high-risk patients. Acute 
rejections were treated with high-dose in- 
fusion of methylprednisolone (750 mg) and 
cyclophosphamide (400 mg). Percutaneous 
renal biopsies were done frequently to diag- 
nose rejection and follow its evolution. Five 
patients received kidneys from donors pre- 
treated with cytotoxic drugs. The one-year 
patient and kidney survival is 93.8% and 
81.8%. After 12 to 25 months’ follow-up the 
patient and kidney survival is now 90.6% 
and 78.1%. In the low-risk group there was 
no mortality; one patient who received a 
damaged kidney was returned to hemodialy- 
sis and all the others are fully rehabilitated. 


he worldwide results following 

human renal transplantation 
have not improved significantly dur- 
ing the past five years.' This is due 
mainly to the inability to control re- 
jection since immunological factors 
are responsible for at least 60% of 
graft failures. It was thought that 
well-matched organs would minimize 
this problem. Indeed, the long-term 
results in HL-A-identical siblings are 
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quite good. For cadaver allografts, 
however, the significance of tissue 
typing and matching for HL-A anti- 
gens is still uncertain.’ It would ap- 
pear that immediate progress can 
rather be made by providing better 
immunosuppression. To this end, dur- 
ing the past two years we have 
treated all acute rejection episodes 
with high-dose infusions of methyl- 
prednisolone with or without cyclo- 
phosphamide. Percutaneous kidney 
biopsies have been done liberally to 
diagnose suspected rejection epi- 
sodes, to evaluate the need for fur- 
ther treatment, and to decide when to 
abandon aggressive allograft treat- 
ment. Whenever possible, the donor 
was pretreated with cytotoxic drugs 
to reduce immunogenicity of the allo- 
graft.’ With this protocol we have 
markedly improved our results with 
cadaveric renal transplants. 


Patients 


This report includes all patients who 
received cadaver renal allografts between 
November 1970 and February 1972 so that 
they were at risk for at least one year. 
During this 15-month period, 33 cadaver 
kidneys were transplanted into 32 pa- 
tients. They were first transplants in 27, 
second in 5, and a third in one patient. The 
patients were categorized as to risk status, 
using the criteria of Simmons et al.‘ There 
were 17 low-risk patients and 15 high-risk 
patients. This latter group included two di- 
abetics, two patients with cystinosis, one 
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= with Fabry disease, five with severe arteri- 


osclerosis, and two patients with abnormal 
lower urinary tracts. The others were clas- 
sified high-risk on the basis of age and sys- 
temic vascular diseases. All patients re- 
ferred to the Transplant Service were 
accepted for transplantation except one 
patient with recent acute glomerulonephri- 
tis, two patients with malignant diseases, 
one patient with active pulmonary tuber- 
culosis, and one patient with tuberculosis 
of the urinary tract. 


Treatment 


Only patients with a well-documented 
history of pyelonephritis, urinary tract 
infection, calculi, or polycystic kidney dis- 
eases were subjected to pretransplant bi- 
lateral nephrectomy. At the time of accept- 
ance for transplantation, the recipients 
were tissue-typed and put on an active 
waiting list. In four cases, the transplant 
was done without the patient having en- 
tered into hemodialysis, and peritoneal di- 
alysis was used for their maintenance. All 
other patients were maintained on regular 
hemodialysis. Kidneys were usually ob- 
tained from brain-death cadavers with a 
beating heart. The warm ischemic time 
was very short, the kidneys were perfused 
with cold Ringer’s lactate solution and 
transplanted within two to three hours. 
Seven kidneys came from other cities, and 
the cold ischemic time varied between four 
and nine hours in these cases. 

Standard posttransplant immunosup- 
pression was initiated, using azathio- 
prine 1% to 2 mg/kg/day, and predni- 
sone, beginning with 100 mg/day and 
decreasing by 10 mg every four to five 
days to 50 mg, then decreasing by 5 mg ev- 
ery week to 30 mg/day. Within five months 
posttransplantation, patients received 25 
mg/day, which was tapered to 20 mg at 
eight months and 15 mg at one year. Acute 
rejections were treated by a one-hour in- 
travenous infusion of 750 mg methyl- 
prednisolone with or without 400 mg cyclo- 
phosphamide. Steroid infusion only was 
used in the first 20 cases, then cyclophos- 
phamide was added to the acute rejection 
treatment protocol. This regimen allows a 
rapid tapering of prednisone adminis- 
tration between the times that these pa- 
tients are not receiving one or more of 
these infusions for an acute rejection. Lo- 
cal irradiation of the kidney with 150 rads 
for three consecutive days was used for se- 
vere rejections not responding with a de- 
crease in serum creatinine after the first 
infusion. Seven recipients received anti- 
lymphocyte globulin intravenously for the 
initial five to ten days after transplanta- 
tion. Five recipients of first transplants in 
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this series received kidneys from donors 
pretreated with cytotoxic drugs.’ 

Closed renal biopsy was used to confirm 
the diagnosis of rejection, and after sev- 
eral infusions the biopsy was repeated to 
determine the adequacy of treatment, 
based on the appearance of the inflamma- 
tory infiltrate. The value of this diagnostic 
procedure was analyzed, using 120 biopsy 
specimens from a total of 60 renal allo- 
grafts. This biopsy experience eovers ca- 
daver- as well as living-donor allografts 
transplanted between September 1970 and 
February 1973. 

On discharge from the hospital, all pa- 
tients were followed up for the first month 
three times each week for measurement of 
blood urea nitrogen, creatinine, electro- 
lytes, and hematologic studies. They were 
then seen twice each week for one month, 
once each week for two months, once every 
other week for two months, and ence each 
month until one year posttransplantation. 
When an acute rejection was suspected 
and diagnosed in the outpatients, they 
were treated with an intravenous infusion 
of immurosuppressive drugs, usually with- 
out admission to the hospital, and followed 
up every other day until the rejection sub- 
sided. Rarely, they were admitted for more 
intensive therapy and renal biopsy if the 
rejection continued, as evidenced by a ris- 
ing serum creatinine level. 


Clinical Results 


At one year the graft survival in 
this series is 81.8% (27 of 38) and the 
mean creatinine level is 1.5 mg/100 
ml (SD = 0.7). There were three defi- 
nite technical failures: an infarct re- 
lated to a difficult anastomosis done 
on a very arteriosclerotic vessel, a 
kidney sent from another center with 
unrecognized damaged vessels, and 
the inadvertent transplantation of a 
medullary sponge kidney, that rup- 
tured after one week. Only one kid- 
ney was lost from uncontrollable re- 
jection at six weeks. Two high-risk 
patients died of sepsis at six and 
seven months posttransplartation, 
giving a one-year patient survival of 
93.8%. These two elderly patients had 
severe arteriosclerotic heart disease 
with congestive heart failure. One 
also had Fabry disease, whle the 
other patient developed a nephrotic 
syndrome that was associated with 
the use of antilymphocyte serum. 

When we compare the findings 
from the present series with zhe re- 
sults obtained at our institution in 





previous years,° it appears that a def- 
inite improvement has occurred (Fig 
1). Since 1965 the number of kid- 
ney transplants performed each year 
has been quite stable, and in 1970 the 
kidney survival was not improving. 
When the treatment protocol was 
changed, the results improved dra- 
matically. It does not appear that this 
improvement was due to a reduction 
in the number and the severity of re- 
jection episodes, except when the kid- 
neys were pretreated with cytotoxic 
drugs. In this latter group, the rejec- 
tion episodes were much less severe in 
the first three months, and signifi- 
cantly reduced after three months.’ 
So far, for a period covering 12 to 25 
months, one kidney was lost from 
chronic rejection after one year in a 
patient with cystinosis. After one 
year of peritoneal dialysis one patient 
with severe malnutrition who was ac- 
cepted for transplantation developed 
a cytomegalovirus pneumonia, chron- 
ic active hepatitis, active pulmonary 
tuberculosis, and died at 19 months 
posttransplantation. 

The results to date for this group of 
patients at risk for 12 to 25 months 
(November 1970 through February 
1972) are as follows: in the 17 low-risk 
patients who all underwent trans- 
plants, patient survival was 100% and 
kidney survival 94.1%, or 16. All these 
patients are fully rehabilitated and 
back at their previous occupations, 
except one who was returned home to 
hemodialysis. In the 15 high-risk pa- 
tients who underwent 16 transplants, 
patient survival was 80%, or 12, and 
kidney survival was 56.3%, or nine. 
Seven of these patients are fully re- 
habilitated, two have chronic medical 
problems, and three are undergoing 
hemodialysis and waiting for another 
kidney. 


Kidney Biopsies 


From September 1970 until Febru- 
ary 1973 we have performed 120 per- 
cutaneous biopsies on 60 renal allo- 
grafts from living and cadaveric 
donors. Some patients had as many 
as six biopsies for evaluation of 
adequacy of therapy. A Menghini 
needle measuring 1.9 mm in diameter 
was used almost exclusively. No seri- 
ous complications occurred except for 
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Fig _.—One-year patient and kidney survival for each calendar year since 
1965. Number of patients and kidney transplants each year can be seen in 
each bar 2raph. 
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Fig 2.—One-year survival of all cadaveric kidney allografts done at the Royal 
Victoria 4osprtal since 1967, compared with one-year survival reported by the 
Registry Note that results of Registry include first transplants only. 





the presence of transient gross hema- 
turia in two patients. The tissue was 
insufficient for diagnosis in six cases. 
The histological specimens were read 
by a pathologist unaware of the clini- 
cal situation. A correlation between 
the biopsy findings and clinical im- 
pression was then made. For this 
analysis biopsies done for the evolu- 
tion of the pathology are excluded, 
since the diagnosis was known. The 
clinical diagnosis of rejection was 
made in 48 cases (Table). This diag- 
nosis proved to be correct in 39 in- 
stances on the basis of the cellular in- 
filtrates and vascular changes. There 
were no pathological findings in four 
cases. A nonspecific glomerulopathy 
was present in three cases, one pa- 
tient had recurrent glomerulonephri- 
tis, and one had toxic tubular necro- 
sis. In 14 cases, the clinical diagnosis 
of acute tubular necrosis (ATN) was 
made and a biopsy was performed to 
rule out associated rejection. In six 
cases there was ATN without rejec- 
tion but in five, rejection was present. 
In two instances the unsuspected 
diagnosis of acute pyelonephritis was 
made and one patient had a severe 
glomerulopathy. In three cases of 
chronic rejection, a biopsy was done 
to evaluate the need for aggressive 
treatment. In all three no active re- 
jection was found and chronic low- 
dose treatment was maintained. In 
six other cases, irreversible rejection 
was suspected and this was verified in 
five while one showed residual func- 
tion, and now maintains a serum 
creatinine level of about 2.5 mg/100 
ml. A biopsy was done twice because 
of proteinuria and revealed that one 
patient had rejection while the other 
had a combination of glomerulone- 
phritis, pyelonephritis, and rejection. 


Comment 


We believe that high-dose infusions 
for the treatment of acute rejections 
played a major part in the improve- 
ment of our results. Kountz and 
Cohn’ have reported excellent results 
with a similar protocol. This treat- 
ment was administered as often as 
necessary, based on chemical and clin- 
ical observations. This implies very 
close supervision of patients, partic- 
ularly in the first three-month period 
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Clinical Diagnosis Total Normal 
Rejection 48 4 
Acute tubular necrosis 

rejection? 14 
Chronic 

rejection 3 
Irreversible 

rejection 6 
Proteinuria 2 


Routine 


Rejection Necrosis 






Pathological Diagnosis 













Tubular Glomeru- Pyelone- 


lopathy phritis 













39 1 4 
5 6 1 2 
3t 
5ł DY 
2 1 1 






* Table does not include 43 renal biopsies done to study the evolution of the findings 
observed in the first biopsy. 

t Chronic rejection. 

ł Irreversible rejection in five, residual functional tissue în one. 


when most rejections occur. Per- 
cutaneous renal biopsies were most 
helpful for the management of these 
patients, since they established a pre- 
cise diagnosis of rejection and altered 
management when another diagno- 
sis, such as acute pyelonephritis, was 
made. When indicated, follow-up 
biopsies were repeated as often as 
necessary. Without them, it would 
have been very difficult, at times, to 
reach a decision regarding the immu- 
nosuppressive regimen. In our hands 
biopsy has become an essential part 
of the posttransplantation manage- 
ment. 

In the selection of a recipient for a 
cadaver kidney, very little emphasis 
was placed on tissue typing and 
matching. No correlation could be es- 
tablished in this small series between 
the tissue match and the clinical out- 
come. The size of this series precludes 


1. The tenth report of the human renal 
Sapa registry. JAMA 221:1486-1501, 
1 


2. Terasaki PI, Mickey MR: Histocom- 

ee ent correlation, repro- 
ucibility, and new matching methods. 
Transplant Proc 3:1057-1071, 1971. 

3. Guttmann RD, Beaudoin JG, More- 
house DD: Reduction of immunogenicity of 
human cadaver renal allografts by donor 
pretreatment. Transplant Proc 5:663-665, 


ISRAEL PENN, MD, Denver: I wish to 
congratulate Dr. Beaudoin and his col- 
leagues on their truly impressive results. 
Their approach to the problem of passen- 
ger leukocytes by pretreatment of the do- 
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stating that it is of no potential bene- 
fit. Indeed, recent reports have indi- 
cated that HL-A-typing and match- 
ing might be quite worthwhile, 
especially for the second-locus match- 
ing or when patients have been sensi- 
tized.*° However, if one wishes to 
provide well-matched organs to po- 
tential recipients, one must be pre- 
pared to set up larger pools of recipi- 
ents. This can be done only by 
exchanging kidneys between cities, 
resulting in longer ischemic times, 
possibly unrecognized organ damage, 
and complicated logistics. These prob- 
lems are certainly not negligible in 
view of the fact that up to 20% of 
graft failures are related to surgical 
problems.' 

Only seven patients in this group 
received antilymphocyte serum, so 
that no definite conclusion can be 
drawn about its efficacy. Our impres- 
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Discussion 


nor may well prove to be a significant ad- 
vance in the management of grafts 
obtained from cadaver donors. 

I would, however, like to utter a note of 
caution in the interpretation of the results 





sion is that it reduced the severity of 
early rejections. However, there was 
a very high incidence of infection in 
these patients, and we believe that 
antilymphocyte serum administration 
is not compatible with our potent 
chemical immunosuppressive regi- 
men. Because of our overall results, 
we presently prefer not to use anti- 
lymphocyte serum, but concentrate 
on chemical modification of rejection. 
Finally, it is obvious that patient 
selection has a great influence on the 
success rate of kidney transplanta- 
tion. Indeed, in the low-risk popu- 
lation, only one graft was lost and all 
the other patients are fully rehabili- 
tated to their previous socioeconomic 
status. It then becomes clear that kid- 
ney transplantation in low-risk pa- 
tients is the therapy of choice for 
chronic renal failure. In the high-risk 
patients, the results of cadaver kid- 
ney transplantation are inferior. This 
is due to the presence of associated 
diseases that carry considerable mor- 
bidity and mortality by themselves, 
and often do not permit adequate im- 
munosuppression at all times. How- 
ever, even in this latter group, 46.6% 
of the patients are fully rehabilitated. 


This investigation was supported by the J. A. 
Hartford Foundation, Inc. 

H. Taylor, MD, supplied the antilymphocyte 
globulin. 
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of transplantation, as the figures are very 
different depending upon whether unre- 
lated or related donors are used and the re- 
sults do change very significantly with the 
passage of time. 
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The results ef tseasplantation from un- 
related donors. livis or cadaveric, in three 
phases of our experience are as follows: 
group 1, treated s=tween 1962 and 1964, 
group 2, treated tween 1964 and 1966, 
and group 3, fror 86 on. The results at 
the end of one=mnc sv years are quite im- 
pressive, partecul..‘y in the most recent 
group where sur—vais of appreximately 
80% were obtained However, you will ob- 
serve that in sub-«quent years there is a 
progressive atcritam, so that by five years 
posttransplansatien he results are far 
less satisfactcry. 

Contrast these »esalts with grafts ob- 
tained from »ela»d donors in the same 
three time perioes. In eaeh group, after 
the second year t=re are few patients or 
grafts lost. A five years posttransplanta- 
tion, approximate ©% of the patients in 
groups 1 and 2 =e still living while in 
group 3 the survwral rate is 75% to 80%. 
These good resul= persist, so that in the 
first two grouss the survival curves can be 
extended out w-&æh- to ten years. 

We hope the irmovations that the Mon- 
treal group Lave niroduced will permit 
better long-term -arvival of grafts from 
cadaveric sources. These would have an 
important bearixs not enly en kidney 
transplants, but 3 on the fate of cardiac, 
hepatic, and «ther remografts. 

J. WESLEY ALE aNDER, MD, Cincinnati: 
Dr. Beaudoin masg ven us some very inter- 
esting data wath is experience relating to 
rejection, partictiarly concerning the con- 
cept of donor pretreatment. He and his 
group are sawing * ms that by pretreating 
the donor, the ‘mem anogenicity of the renal 
allograft can Þe H-reased. I would like to 
add an additna@ =xolanation for his find- 
ings. 

In recentzy x=rsormed experiments, 
Charles Mille MD, and I have shown that 
two hours of ronm ischemia given to a dog 
kidney in sit? is ually lethal, and surviv- 
ors have very po»: kidney function. In con- 
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trast, if the dogs are treated with methyl- 
prednisolone (30 mg/kg) 120 minutes 
before the onset of ischemia, nearly all the 
dogs survive even though they do have 
some renal dysfunction. If the same dose is 
given 60 minutes before the onset of is- 
chemia, however, the effect is not nearly as 
good. Increasing the dose to 60 mg/kg for 
60 minutes before renal ischemia was in- 
duced did not produce a more beneficial ef- 
fect than at the 30-mg dose. 

In other words, we have shown that pre- 
treatment with methylprednisolone pro- 


tects against the damaging effects of iso- | 


lated renal ischemia. I wonder if some of 
the benefits that the authors are showing 
are not related to better acquisition of 
good renal allografts at the beginning. I 
understand there was no really significant 
difference in the number of rejection epi- 
sodes that occurred during the first three 
months. | think it is particularly important 
to assess the number of rejections during 
the first month, because this is the time 
when the immunogenicity of such grafts 
will first become apparent. 

JERRY C. ROSENBERG, MD, Detroit: It is a 
remarkable achievement to obtain an 83% 
one-year survival with cadaver grafts 
when the majority of transplant groups 
are only able to achieve 40% to 50% one- 
year survivals. Those of us doing trans- 
plantation should seriously look at the 
Montreal protocol and utilize many of 
its features. They have an enviable and ad- 
mirable record. 

I wonder why they have not seen hyper- 
acute rejection. This is one of the major 
causes of failure in our series. I wonder 
how they avoid the presensitized recipient 
who has a negative cross-match. This is a 
difficult problem that has recently been at- 
tacked in some areas by avoiding trans- 
plants from a random population to recipi- 
ents with high levels of antibodies. 

The one-hour biopsy, the biopsy taken on 
the table at the time of transplantation, 


has been valuable to us, as well as the 
biopsies that Dr. Beaudoin described dur- 
ing the course of the post-transplantation 
period. The one-hour biopsy is very helpful 
in the early identification of the patient 
with hyperacute rejection. 

Dr. BEAUDOIN: First, in answer to Dr. 
Alexander, we have also considered the 
possibility that donor pretreatment has a 
beneficial effect in obtaining better pre- 
served organs. However, all our kidneys 
come from cadavers with a beating heart 
and most of them function immediately af- 
ter transplantation, so that the control 
group received equally good kidneys. Fur- 
thermore, it would not explain why the 
number of rejections after three months is 
reduced in the group who received kidneys 
from pretreated donors. Finally, the exper- 
iments performed by Dr. Guttmann in rats 
show clearly that this regimen reduced the 
immunogenicity of the graft, presumably 
by altering the passenger leukocyte. 

I would agree with Dr. Penn that the 
long-term results have been much better in 
patients receiving kidneys from related 
living donors. However, in our experience 
with cadaver allografts, most losses have 
occurred in the first year and judging from 
the good renal function after 12 to 25 
months in this series, we foresee that the 
results will not deteriorate drastically with 
longer follow-up. 

I would like to thank Dr. Rosenberg for 
his kind comments. As far as hyperacute 
rejections are concerned, we have not ob- 
served this phenomenon in the past three 
years, and I feel that this is missing from 
my experience as a transplant surgeon! 
This might be due to the fact that we try 
not to transfuse our patients preopera- 
tively and peroperatively, and carry pa- 
tients through the program as rapidly as 
possible so that our waiting time is quite 
short. 
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Pediatric and Adult Pheochromocytomas 


A Biochemical and Clinical Comparison 


Duane T. Freier, MD; Edward S. Tank, MD; Timothy S. Harrison, MD, Ann Arbor, Mich 


Biochemical and clinical comparison is 
made between 20 adults with pheochro- 
mocytomas and seven pediatric patients 
with similar tumors studied in a large insti- 
tution over a 62-year period. 

Differences in urinary catecholamine and 


_ metanephrine metabolite values done preop- 


eratively on both groups were compared by 
Student t test and found to be insignificant. 
Tissue levels for catecholamines were also 
compared and found to have no significant 
difference. 

In the clinical comparison, the influence of 
familial pheochromocytomas is noted and 
partly explains the incidence of multiple tu- 
mors seen in this series of children with 
pheochromocytomas. 

The pediatric pheochromocytoma bio- 
chemically, clinically, and histologically is 
more nearly similar to its adult prototype 
than to less differentiated neural crest tu- 
mors such as neuroblastomas. 


Geri of neural crest origin 
vary widely in ultimate body lo- 
cation with surprising biochemical 
and clinical interrelationships. The 
cell types include neuroblasts, sheath 
cells of nerves, cartilage, epidermal 
pigment, medullary cells of the adre- 
nal gland, and perhaps parathyroid 
parafollicular cells.’ Special attention 
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in this article will be focused en those 
tissues arising from the anlage which 
develop into neuroblastomas, pheo- 
chromocytomas, adrenal medullary 
cells, or sympathetic ganglia. The 
scheme of embryogenesis suggested 
in the Figure raises the question of 
differentiating between pediatric and 
adult pheochromocytomas. Is the pe- 
diatric tumor more closely related to 
the neuroblastoma or the pheochro- 
mocytoma in the adult? Is it impor- 
tant in clinical management to make 
this distinction? Careful biocaemical 
and clinieal comparisons will be made 
in cases similarly evaluated and 
treated in a large institution. 


Material 


From 1966 to 1973, 27 patients with histo- 
logically verified pheochromocytomas were 
studied and treated by one or all of the au- 
thors at University of Michigan Medical 
Center. Twenty patients were adults, 
ranging frum 19 to 54 years of age, and 
seven were pediatric patients, agec 8 to 13. 
Six patients with histologically proved 
neuroblastomas, ranging in age from 2 
weeks to 5 years, were studied prior to 
treatment. Similar diagnostic studies were 
done and included urinary epinephrine, 
norepinephrine, metanephrine, and nor- 
metanephrine. Tissue samples were ana- 
lyzed for catecholamine content. All bio- 
chemical tests of the past seven years were 
performed by one of two technicians cur- 
rently present. Retrospective chart studies 
were done to obtain clinical information. 


Methods 


To exclude the diagnosis of pheochro- 
mocytoma in a hypertensive patient sus- 


pected of having this tumor, we usually 
analyze two or more 12-hour overnight 
resting samples of urine for free excretion 
of epinephrine, norepinephrine, and for 
metanephrine and normetanephrine. Cate- 
cholamines are determined with the flu- 
orometric trihydroxyindole method of 
von Euler and Lishajko.? Metanephrine 
metabolites are determined by the method 
of Taniguchi et al.’ Normal values for our 
laboratory are based on urine samples 
from hypertensive patients without a 
pheochromocytoma; suspicious values are 
those approximately two standard devia- 
tions above the normal mean; and diagnos- 
tic figures have occurred approximately 
five standard deviations higher than the 
normal mean (Table 1). The basis for our 
definitive diagnosis is published else- 
where.‘ Vanillylmandelic acid studies were 
not routinely carried out since we rely on 
the above studies entirely for diagnosis. 

Localization studies follow definitive 
diagnosis and include intravenous pye- 
lography, adrenal venography, caval cathe- 
terization sampling, occasional arteriog- 
raphy, and recently, ‘*'I-19-iodocholesterol 
adrenal scanning. 

Criteria for preoperative alpha-adrener- 
gic blockade are as follows: blood pressure 
> 200/130 mm Hg; frequent, severe, un- 
controlled hypertension attacks; pro- 
nounced decrease in plasma volume, ie, he- 
matocrit reading >50 vol%; and use of 
beta-adrenergic receptor blockade. Crite- 
ria for preoperative beta-adrenergic block- 
ade are as follows: pulse rate > 130 beats 
per minute; any history of cardiac arrhyth- 
mia; persistent ventricular extra systoles; 
and tumors secreting > 75% predominantly 
epinephrine.’ Choice of anesthesia is left to 
the anesthesiologist. The abdominal ap- 
proach is utilized in all cases. The merits of 
abdominothoracic incisions are appre- 
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Normal, 
Mean + SD 


Norepinegphrm=2 30 + 30 


Metanephrin= 33 +16 





Teale .—Biochemical Diagnosis of Pheochromocytomas* 


Epinephrine 8=7 20 40 
Normetaneperne 44+40 120 240 










Suspicious, Diagnostic, 
Mean + 2SD Mean + 5SD 
90 180 







120 


* All figures =€ approximate and are expressed as ug/24 hr. 


ciated, but we feel it is not necessary to 
add to the pastens postoperative dis- 
comfort and marbiGity by employing this 
approach when 2aly-abdominal tumors are 
present. 

Postoperative fol ow-up (at regular in- 
tervals) has See= comsidered essential and 
every attempt s been made to obtain 
yearly urine samoles for the rest of the pa- 
tient’s life. 


Results 


The bioehemicl comparison be- 
tween pediati end adult tumors is 
given in Tab=s 2 3, and 4. Only pre- 
treatment urmery catecholamines 
are shown ir the neuroblastoma 
group. The pr=eperative urinary cate- 
cholamine ani metanephrine metabo- 
lite values in adult and pediatric pa- 
tients with pacecaromocytomas show 
wice ranges and therefore large stan- 
dard deviations f-om the mean. In no 
category does group comparison with 
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Student ¢ test between these two tu- 
mors approach important signifi- 
cance. Urinary catecholamines are 
significantly lower in neuroblastoma 
patients. 

Although mean values in the 
pheochromocytoma groups show no 
important significance, most pediat- 
ric urinary studies cluster around low 
epinephrine content. Only a few out- 
standingly high values change the fi- 
nal evaluation. All pediatric patients’ 
tumors secreted greater than 75% of 
the urinary total catecholamine con- 
tent as norepinephrine. Approxi- 
mately half of the adult patients’ 
tumors did likewise, most of the rest 
were of the mixed variety, and only 
two adults had tumors that secreted 
predominantly epinephrine. 

Epinephrine and norepinephrine 
were determined on the pheochro- 
mocytoma tissue. Again, the ranges 
and means show no real differences. 
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Despite this lack of significance, there 
is an apparent difference in the ca- 
pacity of children’s tumors to produce 
epinephrine. There is no correlation 
in adults between urinary epineph- 
rine or norepinephrine predominance 
and catecholamine levels found in the 
tumors. 

Clinical comparison is given in 
Table 5. Blood pressure patterns were 
surprisingly similar. Recurrences, be- 
nign or malignant, were also similar. 
One striking feature is the high num- 
ber of pediatric patients in families 
with other members who have a sim- 
ilar tumor. Tumor location is noted in 
Table 6. Ten percent of adult patients 
had more than a single tumor simul- 
taneously, but 57% of the children had 
multiple lesions. Approximately one 
third of the tumors were extra adre- 
nal in both groups. Adrenal lesions 
were predominantly left-sided. More 
bilateral adrenal tumors were seen in 
children. The bilateral adrenal tumors 
occurring in a single adult were part 
of the Sipple syndrome that did not 
manifest itself as such for 21 years; a 
medullary carcinoma of the thyroid 
was removed in 1948 and the 
pheochromocytomas in 1969. 


Comment 


There is little biochemical dif- 
ferentiation between pheochromocy- 
tomas in adults and children. This is 
in sharp contrast to the significant 
difference seen in neuroblastomas 
compared to pediatric pheochromocy- 
tomas. The apparent differences in 
the two pheochromocytoma groups 
are related to the inability of the pe- 
diatric patients’ neoplasms to produce 
predominantly epinephrine. This is 
seen in the urinary studies as well as 
in the tissue determinations. This 
does not reach important significance 
because of the tremendous range of 
values seen in occasional patients. A 
functional classification of pheochro- 
mocytomas has previously been sug- 
gested’ that is pertinent to this,sub- 
ject. If a tumor secretes 75% or more 
norepinephrine of the urinary total 
catecholamine amount, it is arbi- 
trarily considered norepinephrine-se- 
creting. If epinephrine constitutes 
75% or more of the urinary total cate- 
cholamine content, it may be called 
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an epinephrine secretor. Tumors se- 
creting amounts between these two 
are termed mixed. All seven pediatric 
patients had tumors that predomi- 
nantly secreted norepinephrine. The 
adult patients were divided into all 
three categories. Although these cate- 
gories in adults did not always corre- 
late with the eventual tissue levels 
found, all tissues from children 
showed a preponderance of norepi- 
nephrine. The importance of this 
biochemical difference lies in the pre- 
operative management. The predomi- 
nantly epinephrine-secreting tumor 
is more likely to cause arrhythmias 
and active vasodilatation and should 
therefore be preoperatively blocked 
with a beta-adrenergic receptor 
blocking agent. Surgery on the pe- 
diatric patients should theoretically 
be safer, because epinephrine produc- 
tion is less prominent. This is offset 
by the increased hazards of multiple 
tumors and less tolerance to acute 
fluid volume changes in children. 

Biochemical determinations from 
our laboratory would place the pediat- 
ric pheochromocytoma very close in 
development to the adult tumor, al- 
though slightly more primitive be- 
cause of its inability to produce epi- 
nephrine. 

Clinical comparison of pediatric 
and adult pheochromocytomas has 
been the subject of two excellent 
reviews.*' Both refer to the high fre- 
quency of sustained hypertension in 
children. This is in .contrast to our 
findings of close similarity. Benign 
recurrences (tumors occurring after 
original excision, usually in sites of 
chromaffin tissue location) were of 
equal incidence in adults and chil- 
dren, occurring from 2 years to 20 
years after first excision in adults, 
and after two years in a child. This 
emphasizes the importance of yearly 
follow-up studies for the lifetime of 
the patient. The combined incidence 
of malignant metastases (life-threat- 
ening lesions outside of usual chro- 
maffin tissue location) is in agree- 
ment with most studies (7.4%). The 
pediatric patient with lung metas- 
tases is alive six years after first exci- 
sion of a pheochromocytoma. The 
adult with lung metastases repre- 
sents the only surgical death in the 
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Table 2.—Urinary Catecholamines in Adult and Pediatric 
Pheochromocytomas and Neuroblastomas 


Norepinephrine Epinephrine 


Mean + SD Mean + SD 
Range ug/24 hr Range ug/24 hr 


31-14,320 1,173+2,740 0-2,497 268 =+ 450 
P< 5 P<.2 


1,649 + 1,161 110 + 115 
P < .001 P < .02 


1715 0-13 5+4 


Adult pheochromocytomas“ 


Pediatric pheochromocytomas®® 216-4,418 0-315 


Neuroblastomas™ 3-44 


Table 3.—Urimary Metanephrine Metabolites in Adult 
and Pediatric Pheochromocytomas 


Normetanephrine 


Mean + SD 
ug/24 hr 


928 + 831 
P< .05 


Pediatric pheochromocytomas‘™ 177-11,152 2,599 + 3,591 12-2,046 


Metanephrine 


Mean + SD 
Range ug/24 hr 


49-12,392 2,027 + 2,925 
P S28 


Adult pheochromocytomas“™ 17-2,839 


508 + 666 





Table 4.—Tumor Catecholamines in Adult and Pediatric Pheochromocytomas 


Epinephrine 
Mean + SD Mean + SD 
Range ug/gm Tumor Range g/gm Tumor 


0-7,551 1,849 + 2,272 0-10,655 1,765 + 2,839 
P< 2 P Sal 


771 +581 0-79 


Norepinephrine 


Adult pheochromocytomas“® 


Pediatric pheochromocytomas™” 255-6,000 


Table 5.—Clinical Comparison of Adult and Pediatric Pheochromocytomas* 


Blood Pressure Malignant 
sar ws Benign With 


Aaa 

Sustained Episodic Familial Recurrences Metastases 
15 (3) 
14 (1) 


Adult pheochromocytomas 


Pediatric pheochromocytomas 67 14 (1) 


* All comparative values expressed as percentages. Figures in parentheses indicate num- 
ber of patients. 





Table 6.—Tumor Location in Adult and Pediatric Pheochromocytomas* 


















Left Rignt 
Adrenal Adrenal Bilateral Extra 
Only Only Adrenal Adrenal Multiple Single 
Adult 40 (8) 25 ©) 5 (1) 30 (6)T 10 (2) 90 (18) 
Pediatric 28 (2) 14 (1) 28 (2) 28 (2)+ 57 (4) 43 (3) 





* All values are expressed as percentages. Figures in parentheses indicate number of pa- 
tients. 

t Location of tumors in these six patients: one pulmonary, malignant; one pelvic, recur- 
rence; two abdominal, recurrence; and two abdominal, para-aortic. 

ł Location of tumors in these two patients: one mediastinal plus abdominal, para-aortic 
and one abdominal, malignant nodules. 
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, total series of 27 pa ients. 

An important climcal difference in 
this series is that many patients in 
the pediatric greup have other family 
members with established pheochro- 
mocytomas. Tims fact alone may ac- 
count for many of the differences in 
tumor location. Families should be 
evaluated in all pediatric pheochro- 
mocytema cases, especially if multiple 
tumors are townd. The high incidence 
of multiple tumors m children makes 
it logical and wise to aggressively 
pursue localizme studies in this age 
group. The low eccurrence of multiple 
tumors in adults mey justify abdomi- 
nal exploration without localization in 
uncomplicated adult cases. 

The clinical comparison of adult 
and childhoed pheschromocytoma pa- 
tients leads te the eonclusion that in 
many respects theyare quite similar, 
separated more by genetic than by 
embryological differences. If the pa- 
tient has a family history of pheo- 


1. Schimke RN, etc: Syndrome of bilat- 
eral pheochremecytona, medullary thyroid 
carcinoma, and multip e neuromas. N Engl 
J Med 279:1-7, 1968. 

2. von Euler US, L_shajko F: The esti- 
_ mation of catecao! Amines in urine. Acta 
iu at Scand 5122-32, 1959. 

. Taniguchi E, et al: Quantitative de- 
termination of metanephrine and nor- 


VALLEE L. Wurman MD, St. Louis: How 
do you go about case-finding of hyperten- 
sion in pediztrie patients? It seems to me 
there must be a difference in the basic ma- 
terial you start with, as far as coming to 
your attention -s cencerned. Many people 
with pheochromecytomas in the adult age 
_ are found to be hypertensive. How do you 
find childrem with hy»ertension? 

A subsequest question that extends 
from this is that since there is such a wide 
variation of the laboratory phenomena, if 
you find a ehilc who is borderline, say, a 
very mild hypertensive with slightly ele- 
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chromocytomas or the Sipple syndrome, 
one must suspect multiple tumors, 
whether the patient is an adult or a 
child. Continued follow-up of these 
patients is of prime importance, not 
only for recurrence of the pheochro- 
mocytoma as mentioned previously, 
but also for the possibility that thy- 
roid medullary carcinoma will develop 
much later, as seen in the single adult 
patient with Sipple syndrome. 
Histological studies on these tu- 
mors in our institution also place the 
adult and pediatric pheochromocy- 
tomas in a single group. Although 
there may be a rare neuroblastoma- 
tous element in pheochromocytomas 
and pheochromocytes in neuroblasto- 
mas, there is little problem in distin- 
guishing almost all cases from each 
other. It would be reasonable if neu- 
roblastomas and pediatric pheochro- 
mocytomas occurred in overlapping 
age groups, but we have not seen this. 
No diagnosed neuroblastomas have 
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Discussion 


vated catecholamines, serum, or excretion, 
does it progress or does it relent? 

Dr. FREIER: In our institution, it seems 
the sustained blood pressure so common in 
previous reports about children is not so 
predominant. Perhaps more pediatricians 
are taking blood pressures in children, and 
we are seeing them earlier before they 
progress to the sustained malignant type 
of hypertension. 

I do not know of any good mass screen- 
ing procedures that we can use. I don’t 
think we have any at the present time. 
There must be awareness by the pediatri- 


clinically manifested the benign, pro- 
tracted natural course of pheochro- 
mocytoma, and not even a malignant 
pheochromocytoma in an 8-year-old 
child has followed the natural course 
of a neuroblastoma. This patient with 
malignant pheochromocytoma contin- 
ues to work daily as a busboy despite 
six years of severe hypertension, 
growing bilateral lung lesions, and 
high doses of phenoxybenzamine hy- 
drochloride and propranolol hydro- 
chloride. 

Thus we see that the pediatric pheo- 
chromocytoma, biochemically, clini- 
cally, and histologically, is more sim- 
ilar to its adult prototype than to less 
differentiated neural crest tumors 
such as neuroblastomas. 


Nonproprietary Names and 
Trademarks of Drugs 


Phenoxybenzamine hydrochloride—Diben- 
zyline. 
Propranolol hydrochloride—Jnderal. 
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cian that any hypertension in a child must 
be very diligently evaluated. 

As far as definitive diagnosis is con- 
cerned, we have two range categories, the 
suspicious and the diagnostic. So far we 
haven’t found any combined urinary 
values in the diagnostic range that have 
not had a pheochromocytoma, and if they 
do fall in the suspicious range we simply 
observe them for a few months and get an- 
other test. We have not had any of this dif- 
ficulty in children. Their studies have al- 
ways been quite clear. 
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Radiation Reversal of Acute Rejection in 
Patients With Life-Threatening Infections 


James P. Fidler, MD; J. Wesley Alexander, MD, ScD; Edwin J. Smith, MD; 
H. Charles Miller, PhD; Venkatachalam Muthiah, MD, Cincinnati 


Four patients with established life-threat- 
ening infections suffered rejection episodes 
on postrenal transplant days 17, 25, 228, 
and 351 associated with markedly reduced 
immunosuppressive therapy. In three pa- 
tients, azathioprine had been discontinued 
and the fourth was receiving 25 mg daily. 
Prednisone was reduced to 10 to 15 mg/day 
in three patients and the fourth held con- 
stant at 30 mg/day. Antilymphocyte globu- 
lin was discontinued in all patients. Ra- 
diation was administered to prolong the 
interval before nephrectomy in two critically 
ill patients. However, in all patients, rejec- 
tion was completely reversed with external 
cobalt radiation alone, 150 roentgens per 
treatment and a total of 300 to 900 R per re- 
jection. Each patient recovered and has nor- 
mal renal function. Our experience indicates 
that radiation alone may be used success- 
fully to treat rejection episodes in patients 
with life-threatening infections when other 
immunosuppressive measures have been 
discontinued or markedly reduced. 


porn of a renal allograft 
following cessation of immuno- 
suppressive drugs for life-endan- 
gering infections often appears as an 
expected and irretrievable complica- 
tion. This article discusses the suc- 
cessful treatment of rejection epi- 
sodes with radiation in patients with 
life-threatening infection. 


Method and Procedure 


Four patients with established life- 
threatening infection suffered rejection 
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episodes on transplant days 17, 25, 228, and 
351. In three patients, azathioprine was 
discontinued for 4, 5, and 28 days before 
the rejection. The fourth patient, a 67.8- 
kg adult, received azathioprine 25 mg 
daily for two days before the rejection, but 
the drug had been completely discontinued 
for 14 days prior to the initiatien of this 
low dose. Prednisone was reduced to a 
maintenance of 10 to 15 mg/day before on- 
set of rejection in three patients and in 
case 4, was held constant at 30 mg/day. 
Antilymphocyte globulin was diseontinued 
in all patients following the onset of the 
infection or had been discontinued by rou- 
tine protocol. The life-endangering infec- 
tions consisted of a staphylococeal pneu- 
monia, a pneumonia of unknown cause, a 
nocardial pneumonia, and acute staphylo- 
coccal pyarthrosis of the knee joints with 
accompanying disseminated osteomyelitis 
of the long bones of the lower extremities. 

External cobalt radiation, 159 R per 
treatment, was administered loeally over 
the renal allograft for a total of 300 to 900 
R per rejection. In patients 1 and 2, the 
kidney was initially felt to be nonrecov- 
erable, and radiation was given to prolong 
the interval before nephrectomy. However, 
rejection was completely reversed in all of 
these patients and each now has normal re- 
nal function. 


Report of Cases 


CasE L—A previously nephrectomized 
43-year-old white woman suffered a life- 
endangering staphylococcal pneumonia 25 
days after a renal allograft (Fig 1). Her 
immediate postoperative course was one of 
severe acute tubular necrosis (ATN) and 
subsequent rejection confirmed by kidney 
biopsy. These initial complicatiens were 
treated with large amounts of immunosup- 
pressive drugs and cobalt radiation with 
subsequent return of urine output. How- 
ever, a concomitant fall occurred in the 
white blood cell count to a low of 3,300/cu 
mm on the 26th posttransplant day, one 
day after the onset of a staphylococcal 
pneumonia. The infection required oxygen, 


antibiotics, and a marked reduction of 
immunosuppression to 10 mg prednisone 
daily. Over a six-day period, beginning on 
day 25, five cobalt treatments were admin- 
istered locally to the kidney to treat rejec- 
tion manifested by rising serum creatinine 
and blood urea nitrogen levels and a hard, 
tender kidney (Fig 1). Renal function im- 
proved markedly, but the patient became 
increasingly confused. She remained dis- 
oriented until nafcillin sodium was discon- 
tinued and chloramphenicol (Chloromyce- 
tin) alone was used to treat the pneumonia. 
The rejection episode was reversed by ra- 
diation alone at a critical time during her 
severe illness when other immunosuppres- 
sive therapy was contraindicated. Her se- 
rum creatinine level is 1.0 + 0.2 mg/100 ml 
12 months posttransplant. 

Case 2.—Thirteen days after this 19- 
year-old previously nephrectomized male 
engineering student received a cadaveric 
renal allograft, he demonstrated severe 
respiratory distress associated with a Po, 
of 28 mm Hg and chest roentgenograms 
suggestive of viral pneumonia (Fig 2). Tra- 
cheostomy, assisted ventilation, dialysis, 
and termination of immunosuppression 
were necessary to overcome the infection 
and superimposed heart failure. Trans- 
tracheal aspiration, bronchoscopy with 
brush biopsy, and an open lung biopsy did 
not produce a definitive diagnosis. When 
rejection occurred on the 17th day, cobalt 
radiation, 150 R, was administered on six 
different days to the renal allograft to de- 
lay rejection. Both the output of urine and 
the serum creatinine level improved con- 
comitantly with these treatments at a time 
when the only immunosuppressive drugs 
consisted of prednisone, 15 mg/day (Fig 2). 
Gentamicin sulfate, ampicillin sodium 
(Omnipen-N), and chloramphenicol were 
given initially for Serratia and Pseudo- 
monas organisms recovered from the spu- 
tum cultures, but later thought not to be 
invasive. Erythromycin was given for a 
possible mycoplasma infection. Renal 
function returned to normal and full im- 
munosuppression was achieved only after 
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Fig 1.—Stashyleecaccal pneumonia, bone 
marrow suppression, drug reaction, and re- 
jection (case 1). E represents dialysis; R, 
150 R cobalt irracietion; mp, intravenous 
administration of methylprednisone. 


Fig 2.—Failure, pneumonia, and rejection 
(case 2). Symbots as in Fig 1. 





the 40th pesttransplant day. Now, ten 
months after transplant, he has normal 
function with a creatinine of 1.7 + 03 
mg/ 100 ml. 

Case 3.—This 4+year-old woman was 
admitted om the 95th posttransplant day 
with thrombophleo-tis, and Staphylococcus 
aureus grew from the blood cultures. She 
was treated witk antibiotics and heparin 
sodium and was dseharged after a non- 
eventful reeevery Thrombophlebitis again 
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led to hospitalization on the 130th post- 
transplant day. Following this admission, 
she was sent home on long-term erythro- 
mycin therapy, and was still taking this 
antibiotic when she was admitted on the 
188th posttransplant day because of an 
acute staphylococcal pyarthrosis of the left 
knee. Incision and drainage of both knees, 
Jergusen tube-oxacillin sodium irrigations, 
systemic nafcillin, and termination of im- 
munosuppressive therapy were required to 
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control the septic course. A staphylococcal 
endocarditis was suspected. Early osteo- 
myelitis of the tibia and femur bilaterally 
were not appreciated on roentgenograms 
until a subsequent admission for a recur- 
rence of the pyarthrosis six months later 
(Fig 3). 

Serum creatinine levels were markedly 
stable when the patient was not under im- 
munosuppression for 27 days (Fig 3). How- 
ever, a rejection was thought present when 
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the serum creatinine level rose steadily 
from 1.2 to 1.9 mg/100 ml over a four-day 
period. Three cobalt radiations, 150 R each, 
were given locally over the kidney during 
a subsequent four-day period, and the 
creatinine levels fell to normal. The patient 
appeared to have signs of adrenal insuffi- 
ciency during this period with marked 
depression, anorexia, and weakness; main- 
tenance prednisone 10 mg/day was com- 
menced after 20 mg initial intravenous in- 
jection of methylprednisolone. Serum 
cortisol levels failed to substantiate an ad- 
renal crisis. The serum creatinine level 
again rose over a four-day period to 1.5 
mg/100 ml, and a single cobalt radiation on 
the 248th day appeared to reverse the 
trend. This patient showed unusual stabil- 


- ity and renal function on low doses of im- 


munosuppression for periods of three to 
five weeks when admitted to the hospital 
on two different occasions. At the present 
time, her serum creatinine level is stable at 
1.6 + 0.3 mg/100 ml. 

Case 4.—This 58-year-old white man was 
admitted on his 335th posttransplant day 
because of shortness of breath, dizzyness, 
and extreme weakness requiring a wheel- 
chair. He denied fever or chills. Previous 
hospitalizations were for a kidney graft re- 
jection on the 157th posttransplant day 
and a right lower lobe pneumonia on the 
245th posttransplant day. Haemophilus in- 
fluenzae was recovered from a trans- 
tracheal aspiration, and he was treated 
successfully with chloramphenicol. 

On this admission, he appeared poorly 
hydrated and exhibited peripheral cya- 
nosis. There were no adventitious sounds 
heard over the chest and a nontender kid- 
ney was palpable in the abdomen. On this 
admission, transtracheal aspiration re- 
vealed an alpha-hemolytic streptococcus. 
His chest roentgenograms were suggestive 
of an Aspergillus pneumonia, and ampho- 
tericin B was started at low doses (Fig 4). 
Nocardia organisms grew from cultures 
from a brush biopsy following bronchos- 
copy. After the diagnosis of nocardiosis 
was established, the patient was treated 
with sulfadiazine and penicillin G sodium. 
Administration of amphotericin B was dis- 
continued. He was treated for his pulmo- 
nary edema and heart failure with furose- 
mide and later given fresh frozen plasma 
to support his nutrition and low serum al- 
bumin level. His rejection did not occur un- 
til after his heart failure was controlled 
and the patient lost 20 pounds. His usual 
serum creatinine levels of 1.0 + 0.2 mg/100 
ml rose on the 351st posttransplant day to 
1.5 mg/100 ml (Fig 4). He had received no 
azathioprine for 14 days. Cobalt radiation, 
150 R, over the kidney on the 35lst and 
352nd posttransplant days appeared to cor- 
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Fig 3.—Staphylococcal osteomyelitis, thrombophlebitis, pyarthroses, and septicemia 
(case 3). Symbols as in Fig 1. Mss represents methylprednisolone sodium succinate. 


rect these changes which we attributed to 
a rejection. 


Comment 


The association of high doses of im- 
munosuppressive drugs with the de- 
velopment of severe infections is suf- 
ficiently incriminating that some 
centers accept as an indication for 
retransplant any renal allograft that 
has suffered two rejections.: The pri- 
mary renal allograft is not removed 
until a seeond allograft is found to re- 
place it, and the exchange is per- 


formed in one operation. These cen- 


ters stress that high maintenance 
doses of immunosuppressive drugs or 
frequent pulses of steroids for treat- 
ment of rejection carries a higher risk 
to the patient’s life than the oper- 
ative exchange of renal allografts. 
When confronted with a severe in- 
fection, it has been our policy to 
discontinue azathioprine and anti- 
lymphocyte globulin and to reduce 
prednisone to a maintenance dose of 
10 to 30 mg/day. Often, rejection did 
not occur during treatment for the in- 
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Fig 4 —Nocardia! prxeumonia and alpha- 
hemoly'ic streptococcus (case 4). Symbols 
as in Fz 1. 





fection, but the cessation of immuno- 
suppressive therapy resulted in rapid 
rejeet.on episedes in several of our 
patierts. The kag peried from the day 
of cessation of these drugs to the on- 
set of rejection has waried from four 
to five days in pazients who were in 
the first posttranspant month to 28 
days m patients whe were previously 
free ef rejection far six months or 
longer. The deterioration of kidney 
functon that accempanies a rejec- 
tion, and the marked catabolic reac- 
tion caused Sy infection requires 
frequent hemodialysis which makes 
further demands or an already sup- 
pressed bone marrow and host resist- 
ance. 

Ir an attempt te prolong kidney 
funct-on and deerease the number of 
dialyses in patients who had clear-cut 
contraindications ior systemic immu- 
nosuppressive therapy and especially 
large doses of sterdids, we began to 
radiae the allograft at the onset of 
the rejection. In the four patients 
presented, irædiston of the graft 
not only prolenged function but re- 
versed rejection. Ia four other pa- 
tients that were imradiated under 
sim-ler clinical ecn@itions, improved 
funet.on occumred ecncomitantly with 
correetion of an asseciated heart fail- 
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ure or the improvement of an associ- 
ated ATN. In these patients it was 
difficult to isolate the irradiation ef- 
fect on improved kidney function, 
and they were not included in this 
presentation for this reason. Initial 
success with this approach has led us 
to use radiation routinely in severely 
septic patients to prolong renal func- 
tion or reverse acute rejection. Con- 
traindieations to the use of this thera- 
peutic modality are limited to those 
patients in shock, or too sick to move 
to cobalt therapy. Independent of the 
interval of time between individual 
doses, we have arbitrarily limited the 
total dose of radiation to 1,500 R since 
more may lead to a chronic progres- 
sive actinic vasculitis in the renal ves- 
sels. The prophylactic use of radiation 
during the first postoperative week in 
patients has been discontinued be- 
cause canine experiments performed 
in our laboratory have shown that ra- 
diation consistently prolongs the re- 
covery period from ATN.’ However, 
radiation of the kidney is done when 
both ATN and rejection are thought 
to be present. 

The effect of radiation on the ge- 
netic code of lymphocyte chromo- 
somes is well-documented. Barnes 
and his group* found the chromo- 


somal aberrations observed micro- 
scopically reproducible enough to 
recommend the changes in the lym- 
phocyte as a radiation dosimeter and 
an indicator of immunosuppression. 
In an attempt to balance tumor pal- 
liation and reduced host resistance, 
they have also measured the lympho- 
cyte replicating ability to assess the 
damage to circulating lymphocytes. 
The role of the small lympocyte is 
well-accepted in explaining acute re- 
jection in renal allografts.’ Inhibi- 
tion of either the afferent® or ef- 
ferent’ arc of the immune response 
by radiation of the graft is described 
in animal experiments. Irradiation of 
the efferent arc appears to sustain the 
canine renal allograft longer. In stud- 
ies where both kidneys were trans- 
planted from an allogeneic donor, and 
one kidney was irradiated, the irra- 
diated kidney survived longer (12.1 
days vs 5.7 days). The exact mecha- 
nism for the suppression of the rejec- 
tion is not clear. Alexander and De- 
lorme’ have demonstrated that 
allogeneic lymphocytes in the immu- 
noblast stage, taken from donors im- 
munized against rat tumors still had 
a growth-inhibiting effect on the tu- 
mor when irradiated. This demon- 
stration of radioresistance of the im- 
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munized lymphocyte encouraged us to 
look for another mechanism to ex- 
plain the radioactive effect. 

Weeke and Sorensen? have ob- 
served - that the ratio of thymic 
derived, phytohemagglutinin-respon- 
sive lymphocytes to other lympho- 
cytes remained unchanged after ex- 
tracorporeal irradiation of blood, but 
the immunological function of these 
cells was impaired. The response to 
purified tuberculin and allogeneic 
cells was reduced per unit number of 
lymphocytes. This functional change 
may permit an explanation for the ef- 
fect of radiation short of destruction 
of immunologically active lympho- 
cytes. The actual number of sensi- 
tized lymphocytes is relatively small’ 
at the site of a rejection, and the re- 
lease of migration inhibitory factor 
and macrophage activation factor 
have been offered to explain the 
round cell infiltration that occurs and 
the ability of nonsensitized cells to 
become involved in the process of 
graft rejection.'''* The migration in- 
hibitory factor has been used in the 
treatment of anergic patients with 
malignancies of various types." 

The transplant recipient who devel- 
ops a severe life-threatening infec- 
tion is also likely to develop an aner- 
gic state since the efferent arc of his 
host defenses have been compromised 
by his disease (uremia) and therapy 
with azathioprine, glucocorticoids, 
and antilymphocyte globulin." If 
anergy is present, it could have a 
synergetic effect with radiation on 
the availability of the lymphokines to 
partially explain the unexpected re- 
versal of rejections in these desper- 
ately ill patients. A prospective study 
is indicated to test this hypothesis. 
Antigen sensitivity to purified protein 
derivative, mumps, streptokinase- 
streptodornase, and so forth could 
be tested before immunosuppres- 
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sive therapy and transplantation sur- 
gery, and repeated at intervals and at 
the time of a severe infection to docu- 
ment the presence of anergy. The 
salutary effect of radiation could then 
be compared in patients with or with- 
out anergic manifestations. 

In conclusion, rejections eccurring 
after the onset of established life- 
threatening infection and cessation 
of immunosuppressive therapy de- 
serve special therapeutie consid- 
eration. Since recovery of satisfac- 
tory renal function has occurred after 
treatment with radiation alone, this 
should be attempted and nephrec- 
tomy delayed until it is clear that 
such therapy has failed. 

Since the investigation was com- 
pleted, one additional patent has 
shown a favorable response to radia- 
tion while on maintenance _mmuno- 
suppression, 

A 22-year-old male cadaveric renal 
allograft patient was admitted on the 
45th posttransplant day witt a rejec- 
tion episode. His normal range of se- 
rum creatinine rose from 1.0 + 2 
mg/100 ml to a high of 3.0 mg/100 ml. 
Due to a cough, rhinorrhea, bilateral 
pulmonary rales, and Gram-positive 
cocci on percutaneous tracheal aspi- 
rate, this 56.5-kg patient was con- 
tinued on maintenance immaunosup- 
pressive therapy, azathioprine, 125 
mg daily; prednisone, 50 mg daily; 
and half the usual antilymphocyte 
globulin dose. Two cobalt treatments 
of 150 R each were given on two suc- 
cessive days with a return of the se- 
rum creatinine level to normal values 
within 96 hours. 


This investigation was supported n part by 
Public Health Service research grant RR-00068. 


Nonproprietary Names and 
Trademarks of Drugs 


Azathioprine—IJmuran. 





Nafcillin sodium—Unipen. 
Gentamicin sulfate—Garamycin. 
Amphotericin B—F'ungizone. 
Furosemide—Lasiv. 
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’ -Cell-Meciated Immunity to Human Tumors 


Abrogatien by Serum Factors and Nonspecific Effects of Oral BCG Therapy 
Rudolf E. Falk, MD; Pzul Mann, MSc; Bernard Langer, MD, Toronto 


The ‘eactivity of peripheral bleod leuko- 
cytes from patients witm carcinoma of the 
gastrointestinal tract and malignant mela- 
noma was assessed by ne leukocyte migra- 
tion techniqueto mer-beane fractions of his- 
tologically similar ard unrelated tumors. 
Inhib'tion of migration was observed when 
the tumor membranes were derived from 
histologically similar tumors but not with 
those fom unrelated umors. Normal volun- 
teers leukocytes filed 30 inhibit with either 
type of tumor mempbrar= antigen. 

Inhibition o* migratien was noted when 
the leukocytes were eultured in serum-free 
medium. Autologous serum produced com- 
plete abrogation cf he response, but de- 
creased inhibition of migration was also 
noted when allogeneiz -erum was added to 
the culture medium. 

Seven patients with disseminated mela- 
noma were treatedwi hiBCG therapy admin- 
istered repeatedly by *he oral route. This 
type of treatment efeeted a regression in 
three ef seven patiemte and had prevented 
tumor progression im an additional two pa- 
tients. No alteration im tne reactivity of these 
patients’ leukocytes te tumor membrane 
antigems was noted during the course of 
the therapy. 


1p ate etiam ak immune re- 
sponses are eonsidered to be of 


primery significarce in certain types 
of tamor resectiom'* Tumor antigens 
and tamor immunity have been dem- 
onstrated in a variety of animal and 
human tunsors.-'* The crueial ques- 
tion as to the rela-ionship of tumor 
immunity tə the Ginical course of the 
speciic tumor patient remains only 
partially answered, 

The leukecyte niration technique 
(LMT) has beer u-iïzed to study cell- 
mediated immunity (CMI) to a vari- 


` ety of sensitizing antigens. (For re- 
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view see reference 20.) It has been 
successfully applied to monitor the 
development of cellular immunity to 
renal allografts as assessed by the re- 
activity of the peripheral blood leuko- 
cytes of the recipient to the specific 
histocompatibility antigens of the do- 
nor.”! 

This report is a summary of our ap- 
plication of the LMT to assess CMI to 
different tumor membranes prepared 
from the patient’s own tumor or a 
histologically similar tumor. We will 
describe our results in testing the re- 
activity of peripheral blood leuko- 
cytes of patients with carcinoma of 
the gastrointestinal (GI) tract and 
with malignant melanoma. These in- 
dicate that under certain conditions 
CMI to the individual’s tumor can be 
demonstrated. However, this reaction 
is abrogated by the patient’s own se- 
rum and is also decreased by normal 
allogeneic serum. 

As an integral part of this study, 
patients with disseminated mela- 
noma were immunized with attenu- 
ated BCG by the oral route. The clini- 
cal progress of their disease and 
responsiveness in the LMT technique 
were followed sequentially. 


Materials and Methods 


Patients with adenocarcinoma of the GI 
tract including carcinoma of the stomach, 
pancreas, large bowel (up to and including 
the rectum) were studied. These patients 
included those who had had surgical resec- 
tion with complete removal of the tumor 
and patients who had metastatic lesions. 
All patients studied were obtained from 
the surgical service of the Toronto General 
Hospital. 

The patients with a diagnosis of malig- 
nant melanoma were obtained from the 
Toronto General Hospital and the Princess 
Margaret Hospital. These included a heter- 
ogeneous group of patients with respect to 
clinical stage, all of whom had a biopsy- 
confirmed diagnosis of malignant mela- 
noma. The following clinical disease stages 
were included: 

1. Patients who had a surgical resection 


of their lesion and were free of tumor from 
one to ten years. 

2. Patients who had a remission for 
varying periods of time either spontaneous 
or following combined therapy with sur- 
gery, chemotherapy, and radiotherapy. 

3. Patients with widespread disease, 
who were receiving chemotherapy and/or 
radiotherapy. 

4. Patients with widespread disease on 
no therapy. 

Venous blood (100 ml) was obtained 
from all patients and defibrinated. The 
white blood cells were separated by sedi- 
mentation with 3% gelatin. Care was taken 
to wash the leukocytes at least five times 
with balanced salt solution, after the ex- 
cess red blood cells had been lysed by 
0.84% ammonium chloride treatment. No 
attempt was made to separate the cells 
into populations of lymphocytes, poly- 
morphs, and monocytes. The cells were 
counted and viability assessed with use of 
trypan blue exclusion. The cell concentra- 
tion was then adjusted to 2 x 10° cells per 
milliliter and the standard size capillary 
tubes filled with this cell suspension. The 
LMT was carried out as previously de- 
scribed.” ; 

Tumor membrane antigens were pre- 
pared from three patients with malignant 
melanoma, where a specimen of the tumor 
was obtained either at the time of surgery 
or at autopsy within one hour after death. 
For the patients with carcinoma of the GI 
tract, two large carcinomas of the stomach 
and one from the colon were obtained 


which were suitable for membrane prepa- 


Table 1.—Protocol for BCG Therapy 
in Patients With Metastatic 
Malignant Disease 


. Skin testing with purified protein 
derivative (PPD) of tubercle baccili 
in polysorbate 80. 

. Administration on a weekly basis of 
120 mg of lyophylized BCG orally. 

. Dose schedule is maintained until 

(a) skin test becomes positive 
to PPD 

(b) objective regression of tu- 
mor 

(c) tumor continues to spread 
or increases in size after 
two months’ trial 

. BCG is administered every two to 
four weeks at dose of 120 mg or- 
ally 
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ration. The preparation of the tumor mem- 
branes was by the method of Wallach.” 
The protein level of the various fractions 
was determined by the biuret technique 
and the concentration of the various frac- 
tions adjusted to comparable levels. 

The reactivity of patient leukocytes was 
assessed to the tumor membrane fractions 
in the LMT. In addition, the reactivity of 
leukocytes from patients with unreleated 
tumors or from disease-free individuals 
was tested to all the membrane fractions 
utilized as antigens. 

The leukocyte reactivity was measured 
under the following culture conditions: 

1. In medium with no added serum. 

2. In the same medium with added 10% 
autologous plasma inactivated for 30 min- 
utes at 56 C. 

3. In the same medium with added 10% 
human allogeneic inactivated serum from 
blood group AB donors of either sex. 

Most of the patients studied were tested 
on two or more occasions prior to and fol- 
lowing treatment. 

Seven patients with malignant mela- 
nomas with dissemination of their disease 
beyond the point of surgical resection were 
treated by repeated immunization with 
oral BCG (for protocol see Table 1). Three 
patients had failed to respond to chemo- 
therapy, while the other four had not re- 
ceived chemotherapy because of the rapid 
progress of their disease. The leukocytes of 
these were tested prior to and after initia- 
tion of the BCG therapy to determine if 
their responsiveness to melanoma mem- 
brane antigen was affected. Their clinical 
course was followed throughout their ther- 


apy. 
Results 


Fig 1 and 2 show the effect of vary- 
ing concentrations of tumor mem- 
brane antigen, either melanoma or 
carcinoma of the stomach, on the re- 
activity of leukocytes from patients 
with the histologically similar tumor, 
from patients with an unrelated tu- 
mor, or from disease-free individuals. 
Inhibition of leukocyte migration in 
the presence of tumor membrane an- 
tigen is detectable with low antigen 
concentration only in patients with a 
histologically similar tumor. In the 
presence of high concentrations of 
antigen the migration of leukocytes 
from “control” groups, ie, disease- 
free or unrelated tumor patients, was 
also inhibited. The reactivity of both 
test and control leukocytes was there- 
fore tested at three antigen concen- 
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Fig 1.—Effect of increasing comcentration of melanoma cells’ membranes on the migra- 
tion of normal plus tumor patients’ leukocytes in serum-free medium. 


Fig 2.—Effect of increasing concentration of carcinoma of the stomach cells’ membranes 
on the migration of normal plus tumor patients’ leukocytes in serum-free medium. 
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trations (0.01, 0.1, and 1.0 mg of pro- 
tein per milliliter of culture media) 
under the three culture conditions, ie, 
serum-free, autologous serum, and al- 
logeneic serum. 

The leukocytes from disease-free 
individuals or patients with an unre- 
lated tumor were not reactive to 
membrane antigen in culture medium 
containing either autologous or allo- 
geneic serum as well as being non- 


reactive in serum-free medium (Fig 3 
and 4). As shown in Fig 5, most of the 
patients with malignant melanoma 
reacted with the melanoma mem- 
brane antigen when tested under se- 
rum-free culture conditions. The reac- 
tivity of patients was variable: the 
degree of inhibition did not correlate 
with the clinical status of the pa- 
tient’s tumor. With all cases, com- 
plete abrogation of the inhibition was 
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noted in autolcgcus serum. However, 
a marked decrease of the inhibition 
also oecurred ia ellogeneic serum, 

Comparable results were obtained 
with patients witn a diagnosis of car- 
cinoma of the stemach or carcinoma 
of the GI tract at another site, tested 
against a tumor membrane fraction 
derived from carsinoma of the stom- 
ach (Fig 6). A somewhat greater reac- 
tivity of the etkocytes from those 
patients who had carcinoma of the 
stomach was e served as compared to 
those with carcin əma of other regions 
of the GI traet. The reaction was ab- 
rogated by autolegous serum but was 
alsomarkedly łeereased by allogeneic 
serum added to -he culture medium. 
No correlation was noted in these pa- 
tients between the clinical course of 
their disease aad the degree of inhibi- 
tion detected m serum free media, or 
the degree of blecking by autologous 
plasma. 

The results of therapy with BCG 
are detailed ir Table 2. Two patients 
with advance] hepatic metastases 
showed na respcnse to six doses of 
BCG (100 mg given at one- to two- 
week intervals). One elderly patient 
died of a myeeardial infarct with ob- 
jective response in her tumor at the 
time of death. 

The remaining four patients have 
remained stable or have shown re- 
gression of theirdisease on this ther- 
apy alone. No taxid side effects were 
noted with ths method of adminis- 
tering BCG. 


Camment 


The presert results describe a 
study with 45 pa_ients with tumors of 
the GI tract or malignant melanoma. 
The majority of patients’ leukocytes 
reacted with 2 tumor membrane anti- 
gen in serum-free media, and this re- 
action was consistently abrogated by 
_ autolegous plesma. Of interest is the 
fact that no ccrrelation was noted be- 
tween the abrogation of the immune 
response in eutologous plasma and 
the patient’s elimieal course. 

More perplexing is the observation 
that allogenexc serum decreased the 
response ebsecved in serum-free me- 
dium. Serum utilized in this study 
was obtained from normal donors of 
either sex. It is unlikely that there 
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Fig 3.—Assessment of effect of melanoma cells’ membranes on migration of normal plus 
unrelated tumor patients’ leukocytes in serum-free medium and in medium with added allo- 
geneic serum or autologous plasma. 
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Fig 4.—Assessment of effect of carcinoma of stomach cells’ membranes on migration of 
normal plus unrelated tumor patients’ leukocytes in serum-free medium and in medium 
with added allogeneic serum or autologous plasma. 





Table 2.—Effect of Oral BCG on Clinical 





Progress of Malignant Melanoma 





Period of 
Treatment, Leukocyte 
Case Tumor Site mo Skin Test Migration Clinical Progress 






1 Diffuse 2 +: + No change No effect; died 
2 Diffuse 2 + a No change No effect; died 


3 Left leg 3 + >+ Not tested Died; coronary 
+ nodes artery disease 
11 










4 Skin + GI =p af. No change ? Complete regression 
tract + liver 
5 Nodes + 4 —>—  Nochange Unchanged 
lungs 
6 Skin + nodes, 2 +--+ No change Unchanged 
left arm 
7 Skin + nodes, 2 +—+-+ Nottested 80% J in nodes 
left leg + + skin lesion 
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Peould be any type of RE SAT 
E antibody present in this serum. Sim- 
~ ilar results have been noted when the 
~ Cultures contained equal volumes of 
= fetal calf serum. Absorption of the al- 
= logeneic serum against normal donor 
_ spleen cells or against tumor mem- 
brane antigen did not alter the ob- 
= served effect of the allogeneic serum 
= (Falk et al, unpublished data). 
=~ [n patients who had received renal 
A. E oee and had one or more rejec- 
-tion episode, similar results were 
noted in 50% of the cases studied by 
= LMT after successful treatment of 
= the allograft rejection.” The de- 
3 creased reactivity in allogeneic or 
-autologous serum noted in these ex- 
-periments was compared with a per- 
sisting response when their leuko- 
ee were cultured in serum-free 
medium. 
= Several possible explanations of the 
F es of serum in the described cul- 
-ture system should be considered. The 
concept of the “blocked” lymphocyte 
d a _ has been previously suggested.’ Thus, 
E antigen reactive cells may be seen as 
= nonreactive if antigen-antibody com- 
~ plexes are bound to their membrane 
$ E and interfere with the antigen spe- 
_ cific receptor site. A similar type of 
= block albeit on a different basis could 
result if an anti-antibody developed 
~ as noted in the experiments of Lewis 
E et al.” This anti-antibody could be di- 
A =a rected against the specific cellular im- 
-munoglobulin receptor and impede its 
3 pe teraction with antigen. No defini- 
_ tive experiments are as yet available 
on either of these concepts. However, 
ahs when lymphocytes are cultured in se- 
$ -free medium, which is a protein- 
E E depleted culture environment, a rapid 
ʻ loss of substances occurs from the 

















; _ membrane surface.” It is possible 
= that a dissociation of the blocking 
a antigen-antibody complex (or anti- 
= receptor antibody) would occur in 

this environment. Preliminary exper- 
2 iments suggest that brief periods of 
E Z culture of lymphocytes in serum-free 
- medium alter their subsequent reac- 
tion with different antigens, includ- 
Bt ing tumor membranes, when cultured 
E -in medium containing either allogen- 
= eic or autologous serum (Falk, unpub- 

- lished data). 

= Cross reactivity of tumor antigens 
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Fig 5.—Effect of melanoma cells’ membranes on migration of melanoma patients’ leuko- 
cytes in serum-free medium and im medium with added allogeneic serum or autologous 


plasma. 


Serum-Free 


120 


80 


Migration as % of Control 
© 
i) 


D 
O 


Autologous Serum 





Allogeneic Serum 
Active GI Neoplasia 
2 Other Than Stomach 


a Active Carcinoma 
of the Stomach 


Fig 6.—Effect of carcinoma of stomach cells’ membranes on migration of leukocytes ob- 


tained from patients with carcinoma of tract. 


was observed in these patients. With 
malignant melanoma patients, two 
types of antigens have been de- 
scribed: (1) one common to different 
melanomas, and (2) one that is spe- 
cific to the individual melanoma.” 

Our results would confirm that 
there is a cross reactive antigen 
among al! melanomas that we tested. 
With carcinomas of the GI tract, cross 
reactivity was also observed; leuko- 
cytes from patients with this type of 
tumor showed inhibition of migration 
with the carcinoma of stomaeh cells’ 
membranes. 

The results described with oral 
BCG therapy are preliminary and 
based on a limited period of follow-up 
study. Thus the observed tumor re- 


gression could be fortuitous as a vari- 
able number of these tumors do ex- 
hibit “spontaneous” regressions. A 
trial of this type of therapy is cur- 
rently in progress. The observation 
that the specific response to the tu- 
mor membrane was not increased de- 
spite tumor regression is again pre- 
liminary; if confirmed it suggests 
that nonspecific stimulation of other 
cells involved in the immune response 
(eg, macrophages) may be of impor- 
tance in the in vivo tumor situation. 


This investigation was supported by grants 
from the National Cancer Institute of Canada, 
the Ontario Cancer Treatment and Research 
Fund, and the Medical Research Council of Can- 
ada. 
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Discussion 


R. D. GUTTMANN, MD, Montreal: I believe 
this paper must be regarded as an impor- 
tant and pioneering step in a rational ap- 
proach to tumor immunotherapy. Dr. Falk 
and his colleagues have used elegant meth- 
odology, and have introduced to clinical 
practice a tool of measuring in vitro re- 
sponsiveness in the cell-mediated line, but 
also allow consideration of serum factors 
as well. Such factors must be assumed to 
have considerable modulating effects, and 
cell-mediated responses are shown to the 
patient’s own tumor quite clearly. Whether 
serum factors are antibody, antigen-anti- 
body complexes, or free antigen, must be 
clarified as a further step in interpreting 
the in vitro system reactions. 

Since it would appear that BCG adminis- 
tration is likely to become a promising new 
avenue of approach in clinical cancer man- 
agement, such monitoring systems de- 
scribed by Dr. Falk should help evaluate 
what the agent does to immune respon- 
siveness. Such monitoring, coupled with 
careful clinical recording, seems crucial, in 
that the combined approaches toward 
treating cancer currently involve therapy 
that might depress immune responsive- 
ness as well as promote it. Thus, there 


_ seems to be a great need to sort out, in an 


immunological sense, what is being done at 
various stages of treatment in an attempt 
to maximize these positive effects. 
Finally, I think it does remain to be de- 
termined whether or not the usefulness of 
BCG is in promoting cytotoxic antibody 
formation toward tumor-specific antigens. 
Such antibody is well known to be effective 
in animal systems, and one need not be too 
quick to assume that cell-mediated respon- 
siveness is exclusively or partially respon- 
sible for the observed effects. I would look 


forward to hearing the definitive word on 
this in the near future. 

JERRY C. ROSENBERG, MD, Detroit: 
About two years ago my brother and I re- 
ported studies similar to this at the meet- 
ings of the American Association of Can- 
cer Research (Proc Am Assoc Cancer Res 
12:81, 1971). Using a similar assay system, 
we also found that antigen preparations 
from tumors inhibited leukocyte migra- 
tion. . s 

However, we noted that antigen prepa- 
rations from tumors were toxic for leuko- 
cytes from normal individuals and thus 


were capable of producing artifactual inhi- — 


bition of migration. I wonder if Dr. Falk 
encountered similar difficulties with his as- 
say. We also found large variations from 
day to day in the same patient with the mi- 
gration inhibition assay. Therefore, in our 
hands, this assay system did lend itself to 
clinical investigation. Would Dr. Falk com- 
ment on these observations with respect to 
his own experience and data? 

Dr. FALK: In answer to Dr. Rosenberg’s 
questions I think we have done the appro- 
priate controls in terms of testing patients 
with unrelated tumors and normal individ- 
uals. Except with extremely high doses of 
the tumor membrane antigen, we have not 
found nonspecific inhibition. We have con- 


firmed this by culturing leukocytes for 


varying periods of time with the antigen 
and determining the viability of the cells. 
No cytotoxic effect by the antigen was 
noted. 

We do see a type of cellular immunity, 
and I qualify it as a type, because it occurs 
only in culture medium depleted of sera. 
The blocking effect noted with autologous 
serum, as I said, was anticipated. The ob- 
servation that the allogeneic serum also 
abrogates it has to be explored further. 

In all these patients we always test with 


other antigens such as BCG, and find com- © 


parable reactions to these antigens in all 
three culture systems. 

I agree with Dr. Guttmann’s comments; 
the BCG data is preliminary. I recommend 
the oral route of administration for anyone 
who is interested, as an extremely safe 
route with effective subsequent develop- 
ment of tuberculin hypersensitivity. I em- 
phasize again that we have had no compli- 
cations from this therapy. 

I also agree that the role of cytotoxic an- 
tibody has been underemphasized in tumor 
control. I refer back to the experiments of 
Martin Lewis and co-workers to say that 
probably cytotoxic antibody can be corre- 
lated with the clinical course of the 
patient. 
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Clinical Evaluation of 


Carcinoembryonic Antigen Test 


William R. Meeker, Jr., MD; Rafiah Kashmiri, MS; Larry Hunter; 
William Clapp; Ward O. Griffen, Jr., MD, PhD, Lexington, Ky 


We have measured plasma levels of carci- 
noembryonic antigen (CEA) in 259 patients 
with a variety of cancers, 266 patients with 
noncancerous disease, and 176 healthy sub- 
jects. Sixty-six of 73 patients with malignant 
tumors of the gastrointestinal tract had ele- 
vated (> 2.5 ng/ml) CEA levels. There was 
no correlation between CEA level and extent 
of disease. Inconsistencies were noted be- 
tween clinical status and CEA levels during 
follow-up of seven of 26 patients 3 to 96 
months postoperatively. Elevated levels of 
CEA were detected in 117 of 186 patients 
with nonentodermally derived tumors, 83 of 
183 patients with noncancerous disease, 
and 19 of 176 healthy individuals. The lack 
of specificity and sensitivity of the CEA test 
limit its usefulness as a screening proce- 
dure. Our data also suggest that it may have 
limited value in detecting recurrence. 


wae research groups have in- 
vestigated the possibility of de- 
veloping tests for the detection of 
cancer, using immunologic methods 
in the past few years. Much of the 
stimulus for activity in this area was 
provided by the work of Phil Gold and 
Samuel O. Freedman at the Montreal 
General Hospital, first published in 
1965.! These investigators studied a 
wide variety of human adult and fetal 
tissues by immunodiffusion tech- 
niques in agar gel for the presence of 
tumor-specific antigens previously 
found in colonic cancers. Identical an- 
tigens were demonstrated in all 
tested specimens of malignant tu- 
mors of the entodermally derived epi- 
thelium of the gastrointestinal tract 
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and pancreas but were absent from 
all other tested adult tissues. Identi- 
cal antigens were also presen: in fe- 
tal gut, liver, and pancreas in the 
first and second trimesters of gesta- 
tion. These antigenic const tuents 
were named “carcinoembryonic anti- 
gens” (CHA) of the human dizestive 
system. Physicochemical stucies of 
CEA purified from a number of dif- 
ferent primary digestive systems 
cancers, as well as of CEA obtained 
from different metastatic locations of 
different patients, showed it to be a 
glycoprotein of reasonably ccnstant 
composition.? The few norma adult 
digestive system tissues did not con- 
tain the constituents similar te CEA, 
which led the investigators to propose 
that the carcinoembryonic antigens 
of the human digestive system were 
qualitatively tumor-specific. A radio- 
immunoassay was déveloped in col- 
laboration with DMP Thomson. which 
was capable of detecting nanogram 
quantities of CEA in the sera of pa- 
tients with bowel cancers.’ Preopera- 
tively, ten of 11 patients with colon 
and rectal cancer had detectable se- 
rum CEA. Postoperatively, none of 26 
patients having undergone earative 
resection had detectable serum CEA 
levels, whereas all 23 patients with 
residual, recurrent, or metastetic tu- 
mor had detectable serum CEA levels. 
Three of 32 patients with cancers of 
other digestive organs had detectable 
serum CEA but none of 28 normal 
subjects, 23 pregnant women, 20 pa- 
tients with noncancerous diseases of 
the digestive organs, or 36 patients 
with nonenteric cancer and other mis- 
cellaneous diseases had detectable se- 
rum CEA levels. 

The impressive initial results with 
the serum assay technique n the 
hands of Gold suggested that tae pro- 
cedure had great promise as a diag- 


nostic and prognostic test, especially 
for patients with cancer of the colon 
and rectum. An evaluation of the clin- 
ical implications of the radio- 
immunoassay procedure for circulat- 
ing CEA was undertaken by several 
groups. Moore and his colleagues at 
the Boston City Hospital‘ were 
among the first to evaluate the diag- 
nostic and predictive potential of the 
CEA assay. They were able to detect 
CEA in the sera of 32 of 35 patients 
with colon cancer and in six of 14 pa- 
tients with other gastrointestinal 
cancers. However, six of eight pa- 
tients with bronchogenic carcinoma, 
24 of 46 selected patients with alco- 
holic liver disease; and seven of 13 se- 
lected patients with uremia also gave 
positive results. Caution was advised 
in the interpretation of test results in 
patients with these disorders. 
Thomson’s radioimmunoassay tech- 
nique was modified by Hansen et al,’ 
who changed the ionic strength of 
solutions, time and temperature of 
incubation, and the method of sepa- 
rating free from antibody-bound an- 
tigen to detect an ion-sensitive anti- 
genic site on the carcinoembryonic 
antigen molecule. In an evaluation of 
this technique on the serum or plasma 
of 674 patients LoGerfo et al° found 
that serum specimens from 11 of 299 
patients hospitalized for various ill- 
nesses other than neoplastic disease 
had elevated levels of antigen. Two of 
these patients were subsequently 
found to have entodermally derived 
adenocarcinomas. Elevated levels of 
CEA were observed in serum speci- 
mens from 87 of 101 patients with 
known colonic adenocarcinoma, 30 of 
45 patients with breast carcinoma, 26 
of 35 patients with lung carcinoma, 
and 20 of 51 patients with prostatic 
carcinoma. Of particular interest was 
the finding that seven of 14 patients 
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with proved ce-en ancer who had no 
CEA detectahe ir their serum sam- 
ples were classified as having Dukes 
A lesions, whereas two patients with 
metastatic acenoearcinomas of the 
colon had n» datectable antigen. 
These investig=:ors stressed the non- 
specificity ix terms.of tumor type and 
coinec the shrese “tumor-associated 
antigen site” ‘o describe the ion-sen- 
sitive antigere site on the carci- 
noembryonie antigen molecule, which 
they believed them assay detected. 
Reyneso anid sis zolleagues’ at Ros- 
well Park M=momal Institute con- 
firmed and extendad the observations 
of LoGerfo et 2!.° Using the same ra- 
dioimmunoassay technique, these in- 
vestigators feand elevated plasma 
leve_s of CEA in culdren with neuro- 
blastamas in addition to the wide 
range of tumers previously noted to 
be associated with elevated plasma 
CEA evels. 

We were absee ta set up the zirconyl 
phospnate gel t2-gel) assay technique 
in the Surgery Lepartment Cancer 
Research Lab=»ratary at the Univer- 
sity cf Kentwexy about 15 months 
ago. We uncerteok the assay of circu- 
lating levels € CEA in plasma sam- 
ples from pafents admitted to the 
University ef <encucky Medical Cen- 
ter, frem reputedly healthy volun- 
teers drawn mainly from the student 
body at the University of Kentucky, 
and from Meilical Center personnel 
and their families. We wish to.report 
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our experience based on a retrospec- 
tive analysis of data derived from a 
selected sample of this group where 
adequate clinical information was 
available. The aims of this analysis 
were (1) to attempt to correlate the 
CEA level with the histopathologic 
type and clinical stage of the pa- 
tient’s tumor; and (2) to determine 
which nonmalignant diseases were 
most frequently associated with ab- 
normal CEA levels. We will also pre- 
sent preliminary data on follow-up in 
patients with bowel cancer, using the 
CEA test to monitor the results of 
surgical therapy. 


Materials and Methods 


Clinical Data.—Subjects for this study 
were patients admitted to the University 


_ of Kentucky for diagnosis or treatment of 


disease, patients being followed up in the 
outpatient clinics at the University of 
Kentucky, or healthy volunteers, most of 
whom lived in the Lexington, Ky, area. 
Wherever possible, an attempt was made 
to draw blood prior to institution of ther- 
apy and at varying intervals following 
treatment. Clinical evaluations were based 
upon physical, radiological, and laboratory 
findings as well as upon operative reports 
as recorded in the patients’ charts. Clinical 
staging of the extent of tumor spread in 


- patients having cancers was based on cri- 


teria defined in the manual, Classification 
of Extent of Disease, for categories of (1) 
in situ, (2) localized, (3) regional metasta- 
sis, and (4) distant metastasis. Colon and 
rectal cancers were staged according to the 
criteria of Dukes.’ Lymphomas were 
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Fig 2.—Standard curve: Neutralization of CEA and deter- a 
mination of CEA in patient plasma extract. 
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staged according to the Rye Conference 
criteria. 

Methods.—The method used is essen- 
tially that developed by Hansen et al’ and 
described in detail by Chu and Reynoso." 
A brief description follows: Seven millili- 
ters of blood was collected in a tube con- 
taining sodium edetate (Na-EDTA) as an- 
ticoagulant. The cells were separated by 
centrifugation within several hours of 
drawing and the plasma was either ana- 
lyzed immediately or frozen until the time 
of analysis. One milliliter of plasma was 
diluted with 4 ml of 0.9% sodium chloride 
and the mixture extracted with 5 ml of 
1.2M perchloric acid. The perchloric acid 
was removed by dialysis against cold dis- 
tilled-deionized water for 48 to 72 hours. 
The neutralized extract (pH 6.5) was incu- 
bated in duplicate with a mixture of CEA 
labeled with radioactive iodine (1) and 
monospecific goat anti-CEA antibody. It 
was necessary to obtain a titration curve 
for each preparation of radioactive CEA to 
determine the optimal amount of diluted 
anti-CEA antiserum to be used. An ex- 
ample of such a titration curve is shown in 
Fig 1. On the ordinate is plotted the radio- 
activity in counts per minute of the sedi- 
ment containing antigen-antibody com- 
plexes resulting when 50ul ‘°I-CEA was 
added to increasing volumes of a 1:1,000 di- 
lution of goat and anti-CEA antiserum 
(shown on the abscissa); the antigen-anti- 
body complexes were separated from un- 
bound antigen and unbound antibody by 
adding z-gel, which binds antigen-anti- 
body complexes and centrifuging carried 
out to separate sediment from super- 
natant. Note the nonspecific binding of the 
z-gel to the radioactive CEA antibody com- 
plex. Since the sensitivity of any radio- 
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Table 2.—Gastrointestinal | Tract 
Cancer: Follow-Up 3 to 96 
Months After Treatment 


Present Absent 


0- 2.5 
2.6- 5.0 
5.1-10.0 

10.1-20.0 
>20 





immunoassay procedure is maximal when 
the bound radioactivity is about 33% of the 
total according to Berson and Yalow,' the 
optimal volume of 1:1,000 dilution of goat 
anti-CEA in this titration curve would be 
50ul. 

For the quantitation of CEA in unknown 
plasma samples, it was necessary to con- 
struct a CEA standard curve. This was 
done by adding 0, 5, 10, 15, 20, and 25 ng 
amounts of purified unlabeled CEA to 
tubes of perchloric acid extracts of normal 
plasma prepared as described above. 
Later, a solution of Na-EDTA was used as 
the vehicle for the unlabeled CEA in place 
of perchloric acid extracts of normal 
plasma. These tubes were then incubated 
with a mixture of '°I-CEA and the optimal 
amount of monospecific goat and anti-CKA 
antiserum as determined from the titra- 
tion curve. Incubations were carried out at 
45 C for 30 minutes and the antibody- 
bound CEA labeled with radioactive iodine 
(I) separated from free CEA by addition 
of z-gel. The radioactivity of the bound 
fraction was counted in an automatic, mul- 
tisample gamma ray spectrometer. All de- 
terminations were carried out in duplicate. 
Figure 2 shows examples of curves we ob- 
tained over a three-day period with the 


Table 1.—Comparison of CEA Titers in Various Patient Categories 


CEA Level, Healthy Gastrointestinal Other Noncancerous 
ng/ml Volunteers Tract Cancer Cancer Diseas= 
0- 2.5 157/176 (89%) 7/73 (10%) 69/186 (37%) 183/266 (59%) 
2.6- 5.0 17/176 (10%) 17/73 (23%) 48/7186 (26%) 58/266 (21%) 
5.1-10.0 2/176( 1%) 12/73 (16%) 34/7186 (18%) 24/266 (9.6%) 


10.1-20.0 0/176 ( 0%) ~13/73(18%) 197196 (10%) 1/266 (0.4%) 


24/73 (33%) 





16/186 ( 9%) 0/266 ( 0%) 





same bach of '°I-CEA when tne radio- 
activity of the antibody bound ‘’I-CEA 
added to the sample was plotted en the or- 
dinate. The counts per minute at the 0 
point for the first-day curve correspond to 
about 43% of the total radioactwity, and 
the 25-ng concentration for the :hird-day 
curve corresponds to about 19% ef total ra- 
dioactivity, which places the curves for the 
three-day period in 24% of working ranges 
(43% to 19%) for a standard curve. Note the 
reproducibility of the shape of the curves, 
although they are shifted down and to the 
left due to loss of the label in '*I-CEA over 
each 24-hour period. Specimens from pa- 
tients were run in exactly the same man- 
ner as described above for the standard 
curve, except that unlabeled CEA was not 
added. Quantitation of CEA present in pa- 
tient specimens was carried out dy refer- 


w% 


ring to the standard curve. Undiluted sam- 
ples having counts per minute less than the 
value for 20 ng on the standard curve were 
not quantitated but merely reported as 
greater than 20 ng/ml. Otherwise, counts 
per minute were extrapolated to the near- 
est one tenth of a nanogram. Two and one 
half nanograms per milliliter of plasma 
was chosen as the upper limit of normal. 
Chu et al”. have shown that normal, 
healthy individuals have plasma CEA con- 
centrations of less than 2.5 ng/ml. Chu and 
Reynoso“ were able to show that the radio- 
immunoassay procedure used by us can re- 
liably discriminate between 0 and 0.5 ng. 
The standard deviations of replicate deter- 
minations on samples from two healthy in- 
dividuals working in our laboratory were 
+0.42 and +0.57, respectively. 


Results 


Normal Individuals.—The age range 
of the healthy volunteers was 17 to 71 
years with an average age of 33.7 
years. There were 86 males and 90 fe- 
males. A majority of the healthy vol- 
unteers were white (162) and the re- 
mainder consisted of 13 blacks and 


Table 3.—Lung Cancer 


CEA Level, ng/ml In Situ 
0- 2.5 C 
2.6- 5.0 C 
5.1-10.0 C 
10.1-20.0 C 
>20.0 C 


Local Regional Distant 
1 3 4 


1 1 3 
3 2 8 
0 1 3 


0 2 6 


Table 4.—Breast Cancer 


CEA Level, 
ng/ml In Situ .ocalized 


0- 2.5 0 1 
2.6- 5.0 E7 0 
5.1-10.0 0 

10.1-20.0 1 

>20.0 0 


* New Jersey titer: 1.6 ng/ml. 


Distant Metastasis 


Regional Chest wall 
Spread only 


6 3 


Other 





1 
2 
1 
O 


Table 5.—Carcinoma of the Heac and Neck 


ee 
Squamous and Undifferentiated © Squameus and Basal Cell 


Carcinoma of Head and Neck 


Sites* 


Local Regional 


10.1-20.0 
> 20 


Distant 


Carcinoma of Skin of 
Head and Neckt 


Local Regional Distant Local 





Adenocarcinoma of 
Parotid & Thyroid 


Regional 


Sarcoma of Head 
and Neck Sites 
Regional Distant 


Distant Local 


0 


1 
0 
1 
1 


* Includes buccal cavity, nasopharynx, hypopharynx, larynx, paranasal sinuses, thyroid, trachea, and esophagus. 


t Includes lip. 
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Fig 3.—Frequemcy distribution of CEA levels in healthy volunteers. 


one Oriental. Healthy volunteers all 
had CEA levees less than 6.0 ng/ml. 
Table 1 shows the data for healthy 
volunteers compared with those of 
other groups. Of 176 healthy volun- 
teers 157 had valmes between 0 and 
2.5 ngyml. Seventeen individuals had 
values between 26 and 5.0 ng/ml. 
Two individuals kad values between 
5.1 anc 10.0 ng/ml. The distribution 
of CEA levels s depicted in Fig 3. No 
reason for th elevated values was 
evident on elirieal examination in all 
but one of the patients, although no 
detailed work- was done on most of 
these individus's. One of the two indi- 
viduals with = titer greater than 5 
was a female with a suspicious pap 
smear. In an atalysis of factors which 
might nfluence the CEA levels in this 
group age, raee, sex, and alcohol use 
were not foumd to be significant. 
However, wher CEA levels in those 
whe used no tebacco were compared 
with tnose wa did use tobacco in 
some form, a mean level of 1.5 ng/ml 
+ 0.96 was found in the former, 
wherees the letter had a mean CEA 
level o 2.1 ngam! + 1.2. This differ- 
ence was high significant (P=.005). 

Cancer of the Gastrointestinal 
Traet.—The results are summarized in 
Table 1. Ther= were 73 patients in 
this group. The age ranged from 23 to 
88 years with an average age of 58.7 
years. There were 55 men and 18 
women. Sixty-cne were white and 12 
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individuals, 


| t 
eKentucky for Individual 


o New Jersey for Individual 





Comparison of Plasma Assays for CEA in Patients 


With Gastrointestinal Tract Cancer 


Fig 4.—Comparison of plasma assays for CEA in patients with 


gastrointestinal tract cancer. 


were black. Ten percent of the gas- 
trointestinal cancers were below 2.5 
ng/ml while 90% of cancers were 
above this range. About a third of 
gastrointestinal tract cancers had 
CEA values greater than 20 ng/ml. 
Figure 4 shows a comparison of CEA 
titers on the same patient sample run 
in the laboratory at the University of 
Kentucky vs the assay run at the 
Hoffman LaRoche Laboratories in 
Nutley, NJ. Frozen plasma samples 
were shipped, packed in dry ice, by air 
express. Some variation is seen in the 
absolute values obtained. The Ken- 
tucky laboratory consistently ob- 
tained higher CEA values than the 
New Jersey laboratory. This would 
not have been of clinical significance 
except in four individuals. In these 
CEA values obtained 
in New Jersey were in the normal 
range, whereas the Kentucky values 
were elevated above the upper limit 
of normal. 

Figure 5 shows data from patients 
with adenocarcinomas of the colon 
and rectum. Preoperative CEA titers 
expressed in nanograms per milliliter 
on the ordinate are plotted against 
the Dukes classification on the ab- 
scissa as determined from the patho- 
logic examination of the resected 
specimen and the operative record. 
There appeared to be no correlation 
between the extent of the disease and 
the CEA levels obtained. We recorded 


an overall 93% positivity rate (41/44) 
in colon and rectal cancers. The pre- 
ponderance of metastatic cancers 
probably accounts for the high level 
of positivity. All normal CEA levels 
were obtained in patients with Dukes 
A and B lesions, whereas all of the pa- 
tients with Dukes C and D lesions had 
abnormally elevated values. Distant 
metastasis with liver involvement 
was frequently associated with CEA 
values greater than 20 ng/ml. There 
was a wide fluctuation in plasma CEA 
levels among individual cases in 
Dukes B, C, and D categories, which 
is unexplained. Although CEA levels 
above 20 ng/ml were usually associ- 
ated with widely metastatic disease, 
it would be difficult to predict the 
stage of the disease in patients with 
minimally to moderately elevated 
CEA levels. 

In an analysis of other categories 
of gastrointestinal cancer it is of in- 
terest that all nine cases of adeno- 
carcinoma of the pancreas had ele- 
vated levels (5.0 ng/ml) of plasma 
CEA. However, at surgery none of 
these patients were resectable for 
cure. Seven cases had regional exten- 
sion of disease and two had distant 
metastasis. All five cases of stomach 
cancer also had elevated levels of 
plasma CEA. Four were localized to 
the stomach and one had distant me- 
tastases. In three of the four localized 
cases CEA levels were not markedly 
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Fig 5.—Comparison of CEA levels with Dukes classification for co- 


lon and rectum cancer. 
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elevated, being in the 2.6 to 5.0 ng/ml 
range, whereas the one case of meta- 
static stomach cancer had a CEA titer 
above 5.0 ng/ml. All five patients 
with carcinoma of the esophagus 
(three adenocarcinoma, two squa- 
mous carcinoma) had elevated lev- 
els of plasma CEA. Three of four 
cases of esophageal cancer apparently 
localized to the esophagus had CEA 
levels in the 2.6 to 5.0 ng/ml range, 
while the remaining patient had a ti- 
ter greater than 20 ng/ml. Five of 
seven patients with cancers of the 
liver or gallbladder had elevated CEA 
levels. All of these were technically 
unresectable lesions. One of two pa- 
tients with normal levels of CEA had 
widely metastatic disease. Two pa- 
tients with Dukes B squamous carci- 
noma of the anus had normal CEA 
levels, while two additional patients 
(one with mucinous adenocarcinoma, 
the other with squamous carcinoma) 
had markedly elevated levels. 
Follow-up of Gastrointestinal Tract 
Cancer.—Table 2 shows follow-up data 
on 26 patients with gastrointestinal 
cancers from 3 to 96 months following 
apparently curative surgical therapy. 
In 17 of these patients there was clin- 
ical evidence suggesting recurrence 
of tumor. Two of these patients had 
normal CEA levels. One patient was a 
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Fig 6.—Postoperative changes in CEA levels after curative resec- 
tion of cølon and rectal cancer. 
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69-year-old white woman with a 
biopsy-proved vaginal recurrence of a 
rectal adenocarcinoma. The other pa- 
tient, a 57-year-old man, had x-ray 
evidence of a mass lesion in the cecum 
following resection of a descending 
colon cancer. Colonscopy and biopsy 
of the cecal lesion have revealed it to 
be an adenocarcinoma. Five of nine 
patients had no clinical evidence of 
tumor but elevated CEA levels on fol- 
low-up. Three patients are of particu- 
lar interest. The first patient is a 55- 
year-old man who underwent ante- 
rior resection of a Dukes B rectal can- 
cer four years ago. He developed 
mental confusion and was admitted 
for neurosurgical evaluation. Results 
of neurologic examination were 
within normal limits except for de- 
creased sensation in the fifth cranial 
nerve distribution and mild facial 
weakness on the right. Carotid arte- 
riograms suggested the presence of 
mass lesions in the left temporal and 
thalamic areas. A craniotomy was 
done and the temporal lobe was re- 
sected. The histopathology revealed a 
mild cerebritis and no evidence of 
malignancy. He continues to have ele- 
vated plasma CEA levels. A second 
patient is a 77-year-old black man 
who had had a resection of a sigmoid 
colon cancer one year earlier. He was 
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investigated for weight loss and was 
found to be in congestive heart fail- 
ure. A lung abscess was found on 
chest x-ray but repeated cytologic ex- 
aminations showed no tumor cells. No 
evidence of recurrent colon cancer 
was found on sigmoidoscopy or bar- 
ium enema examination. He contin- 
ues to be followed up and still has ele- 
vated CEA levels. A third patient is a 
62-year-old white woman who had to- 
tal gastrectomy and construction of a 
Hunt-Lawrence pouch gastric reser- 
voir for linitis plastica of the stomach 
with extension through the gastric 
wall and regional lymph node metas- 
tasis. The lines of resection were free 
of microscopic cancer. She is clinically 
free of recurrent disease 1% years fol- 
lowing surgery. The fourth patient is 
a 69-year-old white man who remains 
clinically well six months after ante- 
rior resection for a Duke C adeno- 
carcinoma of the rectosigmoid colon. 
The fifth patient is a 46-year-old 
white man who remains well five 
months after subtotal gastrectomy 
for adenocarcinoma of the distal 
stomach, infiltrating through the 
stomach wall with regional lymph 
node metastases. All of these latter 
three patients have a high probability 
of developing unequivocal clinical evi- 
dence of recurrent cancer in the fu- 
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Fig 7.—?ostoperative levels of CEA following noncurative exci- 
sion. 





ture. 

Figure 6 shows data on the time 
course of CEA levels in several pa- 
tients undergemg «urative resection 
for colon amd rectal cancer. In all but 
one patient tne preoperative levels 
were elevased abore 2.5 ng/ml. In 
this patient (pateat 5), who had a 
wound infeetion in the postoperative 
period, the preeper=tive value, which 
was 2.5 ng/ml. rose to levels above 2.5 
ng/ml before returning to preopera- 
tive values in the Eth postoperative 
week. A second detient (patient 3) 
had marked elevation of the CEA 
level in the postoperative period. Fol- 
low-up datz were iacomplete on this 
patient. In allether patients, elevated 
preoperative leveE returned to levels 
2.5 ng/ml or less at-intervals varying 
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from 1 to 12 weeks postoperatively. 
Figure 7 shows comparable data for 
patients undergoing palliative proce- 
dures for colon and rectal cancer. 
Here it can be seen that the elevated 
levels of CEA continued to be ele- 
vated or rose to even higher levels in 
the postoperative period. In general, 
our results parallel those reported by 
LoGerfo et al'* who found two pat- 
terns of postoperative fall in CEA 
levels after curative surgery. In one 
group an immediate fall to a nadir oc- 
curred within two to four days. In an- 
other group the postoperative nadir 
occurred between 10 to 18 days. We 
have noted a more variable pattern of 
CEA decline after curative resection 
and in a few instances a rise in CEA 
levels from normal to abnormal levels 


Table 7.—Noncancerous Diseases 


Benign Tumors: Peptic 
CEA Level, Breast, Ovary, Inflammatory Ulcer 
ng/ml Colon and Brain Bowel Disease Cholecystitis Disease Miscellaneous 

0- 2.5 37 3 20 6 117 
2.6- 5.0 7 4 3 35 
5.1-10.0 4 1 14 
10.1-20.0 0 0 1 
> 20 0 0 0 









following curative resection. 

Other Cancers.—In Table 1 it can be 
seen that a little over one third of 
cancers other than gastrointestinal 
tract cancer had normal levels of 
plasma CEA, while an additional 25% 
had levels in the 2.6 to 5.0 ng/ml 
range. Thirty-nine percent had 


plasma CEA levels greater than 5- 


ng/ml. Breast cancer, lung cancer, 
head and neck cancer, and malignant 
melanoma made up a majority of 
cases in this group. Table 3 shows 
data from patients with lung cancer 


arranged according to stage of dis- 


ease. Although the patients with dis- 
tant metastases tended to have the 
higher CEA levels, it is apparent that 
a considerable number of patients 
with distant metastasis had normal 
CEA levels. Table 4 shows CEA levels 
in patients with breast cancer tabu- 
lated according to stage of disease. 
Again, a trend for patients with dis- 
tant metastases to have the higher ti- 
ters is evident. However, if the dis- 
tant metastasis was represented by 
chest wall recurrence only, the titers 
were within the normal range or only 
slightly elevated. Since the amount of 
tumor present in patients with chest 
wall metastasis was usually much less 
than in patients with multiple-site in- 
volvement, the difference in CEA ti- 
ters may be related to the volume of 
tumor present. Table 5 shows data on 
plasma CEA levels from head and 
neck sites, arranged according to his- 
topathology and clinical stage of dis- 
ease. In general, squamous and un- 
differentiated carcinomas had normal 
levels of CEA. Patients who did have 
elevated levels were usually those 
with more advanced disease. In con- 
trast, unexplained elevations were 
noted in squamous and basal cell car- 
cinomas of the skin of the head and 
neck, which were usually localized tu- 
mors. A few sarcomas of head and 
neck sites showed elevated CEA lev- 
els. 
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Table 6 shows data from patients 
with malignant melanomas. Of the 19 
patients, almost half had normal lev- 
els. No correlation was seen with 
stage of disease. One of the six pa- 
tients with malignant lymphomas 
had elevated CEA levels. Five of the 
six patients had stage III Hodgkin 
disease and the remaining patient 
had stage III lymphosarcoma. The re- 
maining patients constituted:a heter- 
ogeneous group of genitourinary and 
gynecologic malignancies (cervix, 
uterus, ovaries, bladder, and kidney) 
and again no good correlation with 
findings from histology or stage of 
disease was noted. 

Noncancerous Disease.—In Table 1 
data for noncancerous disease is pre- 
sented. It can be seen that almost 70% 
of CEA values were in the normal 
range. What is disturbing is the fact 
that almost a third of patients with 
nonmalignant disease have elevated 
CEA levels. A majority of the ele- 
vated values occurred in the 2.6 to 5.0 
ng/ml range with a few CEA titers 
being in the 5.1 to 10.0 ng/ml range 
or higher. No titers occurred over 20 
ng/ml. In Table 7 we have a break- 
down of noncancerous diseases into 
categories of benign tumors, in- 
flammatory bowel disease, cholecys- 
titis, peptic ulcer disease, and a mis- 
cellaneous group composed largely of 
medical diseases. Slightly less than a 
quarter of patients with benign tu- 
mors had elevations of CEA titers. 
One of four patients with benign co- 
lon polyps had elevated CEA titers 
and one patient with gastric polyps 
had an elevated titer. Other benign 
tumors associated with elevated ti- 
ters were a granular cell myoblas- 
toma of the common bile duct; a thy- 
roid adenoma, and five of 34 
fibroadenomas of the breast. It is of 
note that 13 of 16 cases of inflamma- 
tory bowel disease (diverticulitis, ob- 
structive colitis, Crohn disease, acute 
appendicitis) had elevated CEA lev- 
els. One patient with a small bowel 
infarction had an elevated CEA level. 
About 20% of patients with cholecys- 
titis had slight but definite elevations 
of CEA levels. Four of ten patients 
with peptic ulcer disease also had 
slight elevations of CEA titers. In 
about 30% of patients with mis- 
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cellaneous diagnoses, elevations of 
CEA titers were noted in the 2.6 to 
5.0 ng/ml range. Analysis of zhe diag- 
nosis in this group of patients re- 
vealed chat ten of the 50 patients had 
a diagnosis of pulmonary disease and 
these patients had the higher eleva- 
tions of CEA levels. It is possible that 
some patients in this group contained 
an occult lung cancer. In attempting 
to assign a cause for the CEA eleva- 
tions in the group of noneancerous 
diseases, one is struck by the fre- 
quency of disorders where there was 
an inflammatory process, especially 
of the zastrointestinal tract or lung 
with associated tissue necrosis and 
tissue regeneration. It is tempting to 
speculate that release of a cross-re- 
acting antigenic substanee under 
these circumstances is responsible for 
the elevations of CEA levels ob- 
served. 


Comment 


It is clear from our studies using 
the procedure of Hansen that many 
abnormal values for plasma CEA lev- 
els are obtained in patients with non- 
entodermally derived cancers as well 
as in seme patients with benign tu- 
mors and with noncancerous disease. 
We have confirmed the findings of 
LoGerfo et al® and of Reynoso et al,’ 
who also used the Hansen assay pro- 
cedure. Gold and Freedman initial- 
ly demonstrated that the carci- 
noembryonic antigen was detectable 
only in cancers of entodermally de- 
rived tissues.' However, the recently 
published results of a colkaborative 
study’ conducted with the Montreal 
Genera Hospital Laboratory acting 
as the reference laboratory, exam- 
ining duplicate halves of specimens 
from petients examined in lecal labo- 
ratories, indicated that CEA titers 
above 2.5 ng/ml were obtained in 62% 
to 66% of patients with colorectal can- 
cers and in 33% to 39% of patients 
with “other diagnoses.” “Other diag- 
noses” included colon polyps, colitis, 
diverticulitis, cirrhosis, amd carci- 
nomas other than colon or rectum 
cancer. Zamchek’s group, which also 
uses the Thomson assay,™®" has 
demonstrated the lack of specificity 
of the CEA assay for colon and rectal 
cancer. Laurence and his col_eagues* 


at the Royal Marsden Hospital and , 
Chester Beatty Research Institute 
used the double antibody radio- 
immunoassay of Egan et al” to deter- 
mine the role of plasma CEA assays 
in the clinical management, diag- 
nosis, and therapeutic monitoring of 
patients with tumors. They found 
that raised plasma levels of CEA oc- 
cur with many but not all malignant 
tumors; particularly those of the gas- 
trointestinal tract, breast, and 
bronchus. They also found raised 
plasma CEA values in 30% of diseases 
associated with inflammation or re- 
generation or both. They concluded, 
as we must conclude, that the plasma 
CEA assay cannot yet serve as a rou- 
tine screening test for cancer. 

What, then, is the role of the CEA 
test in the management of the pa- 
tient with cancer? Most previous au- 
thors have concluded that the CEA 
test has a role in the monitoring of 
patients during the posttherapy pe- 
riod. Holyoke et al” have presented 
data indicating that complete re- 
moval of tumor is associated with a 
return of CEA levels to normal, 
whereas incomplete removal results 
in persistence of elevated levels. In 
one patient with disseminated dis- 
ease CEA levels fell to normal during 
a response to lomustine (CCNU or 
NSC-79037) and rose again upon re- 
lapse. Mulecare and LoGerfo*' have 
presented preliminary data suggest- 
ing positive correlations may be pres- 
ent between plasma CEA levels and 
clinical response of patients receiving 
systemic chemotherapy for meta- 
static tumors of the gastrointestinal 
tract and lung. Our data in post- 
resection patients are in agreement 
with those of the above authors. How- 
ever, our failure to find a good corre- 
lation between extent of tumor and 
CEA levels suggests caution in being 
overly optimistic about this potential 
use of the CEA assay. The present 
lack of sensitivity of the CEA test 
may result in failure to detect recur- 
rence at a stage when it can be effec- 
tively treated. The following case re- 
port illustrates this problem. 


Report of a Case 


A 63-year-old white man underwent sig- 
moid colectomy in continuity with partial 
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cysteccomy for < colon cancer in Septem- 
ber 1969, with exteason to the bladder, 
which produced ¢ colbvesical fistula. He re- 
mained clinieally free of disease for one 
year, when he develaped a left-lewer-quad- 
rant ebdomimal wal mass. This was ex- 
cised in Noveml=r B, and proved to be 
recurrent adenceardmma. He was then 
given subcutaneous injections of frozen- 
thawed colomearzer sels and had three ex- 
charge transfu ions with the hope of 
boosting his anttumor immunity. He then 
remained well mtl December of 1972 
when work-up reweasee anemia due to iron 
deficiency. Am œal cholecystogram, done 
for evaluation of mght-upper-quadrant 
pain, revealed «videree of cholelithiasis. 
Findings from Earimm enema, a series of 
x-ray films ef toe =poer gastrointestinal 
tract, and hypotonic quodenography were 
all within norma limits. He had no detect- 
able CEA in a p=sma sample at this time. 
He was hospital zed for elective cholecys- 
tectomy in Janry 1973. At this time, no 
CEA was detected i1 . plasma sample. At 
surgery he was found » have recurrent tu- 
mor mvolving ‘he proximal jejunum as 
well as the dəm- ef tLe bladder. The seg- 
ment of jejunum cortaining tumor was re- 
sectec and he new ewaits further surgery 
for removal ef tae beadder recurrence. The 
CEA evel three dars postoperatively was 
2.8 ng/ml. 

Most of the comfesion im the inter- 
pretaion of results œ the CEA assay in 
the clinical sett mg may well result from 
the pessibility that assay techniques are 
not detecting the identical antigenic site 
reacting with Geld’s antisera. Much uncer- 
taint} may be sesclved by the immuno- 
chemBts, who are ettmpting to identify 
more precisely what -he assay system is 
measuring. Ano‘ther-asproach to this prob- 
lem involves the use ef animal model sys- 
tems such as th= heterotransplantable hu- 
man eolon cancers (3 W-39 and GW-77) in 
adut golden hamsters developed by Gold- 
enberz and Haren ` -o study the kinetics 
of CEA production by tumors. It thus re- 
mains for fatu-e iavwestigators to deter- 
mine whether azy caange in the long-term 
survival or prognes.s will result from the 
routine applizat=m cf -he CEA assay to the 
posttreatment raonkoring of patients. 


Conciusions 


Although the plasma assay of carci- 
noerr bryonic amtizen in our hands de- 
tects tumors 3f -he gastrointestinal 
traet with < heh decree of reliability, 
it alse frequeatl, detects other can- 
cers, especally tase originating in 
the lang and Lreast. Furthermore, el- 
evated CEA levels were found in 30% 
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of patients with noncancerous dis- 
eases and 10% of samples from indi- 
viduals thought to be healthy. Our re- 
sults confirm published reports of 
others that a raised plasma level of 
carcinoembryonic antigen lacks the 
specificity suggested by the early 
published reports of Gold. It is pos- 
sible that the discrepancy between 
our results and those of Gold may be 
explained on the assumption that the 
technique used by us is not detecting 
the identical antigen that reacted 
with Gold’s original antisera.” 

It seems clear that a substance or 
substances which react with the goat 
antisera prepared against purified 
CEA used in our radioimmunoassay 
system can be released by tumors of 
various histologic types, during in- 
flammatory conditions, and probably 
from normal tissue. Because of the 
wide range of conditions in which ele- 
vated plasma levels of CEA have been 
detected, it seems clear that use of 
the CEA test for mass screening of 
populations is impractical. The failure 
of the CEA test to detect several rela- 
tively advanced colon cancers in our 
experience underscores its unreliabil- 
ity as a screening test for this cancer. 

We, as well as many other investi- 
gators," '11%18-20 have noted that 
raised plasma levels of CEA usually 
fall after successful excision of tu- 
mors. Preliminary data by Holyoke et 
al as well as by Mulcare and Lo- 
Gerfo™ suggest that plasma CEA lev- 
els may be useful in monitoring of 
antitumor response to cancer chemo- 
therapeutic drugs. We have presented 
clinical case reports that indicate (1) 
that the plasma CEA level may not 
rise to abnormal levels when. recur- 
rence of tumor is at a subclinical 
stage and amenable to surgical reex- 
cisions, (2) that an abnormally ele- 
vated CEA level in the postoperative 
period may represent a false positive 
finding, and (3) the plasma CEA level 
may be normal despite biopsy-proved 
recurrence. Furthermore, our data 
fail to show a clear-cut relationship 
between the extent of tumor and 
plasma CEA levels. Therefore, we 
question the value of the plasma CEA 
levels in detecting subclinical tumor 
recurrences. Since data is limited in 
reported follow-up studies, it remains 


for ongoing research in this area to 
clarify the role of the CEA test in 
monitoring patients after primary 
surgical operations, radiotherapy, or 
chemotherapy. There is also an evi- 
dent need for further basic research 
to define the strueture and function 
of the substance or substances de- 
tected in the various radioim- 
munoassay techniques for carci- 
noembryonic antigen. 


Radioactive CEA and goat anti-CEA, ab- 
sorbed and monospecific, were provided through 
Hans Hansen, PhD, of Hoffman-LaRoche Inc, 
Nutley, NJ. Dr. Hanser and Hoffman-LaRoche, 
Inc, also helped us set up the zirconyl phosphate 
gel assay technique. 
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Discussion 


DoucLas HoLyoKe, MD, Buffalo, NY: I 
am especially pleased to discuss this paper 
because Dr. Meeker was at Roswell Park 
with us for some years before he left for a 
warmer climate. 

The CEA values were determined over 
18 months in a woman who developed re- 
current carcinoma of the colon. She had 
two CEA determinations both made in 
May of 1971. At that time there was no 
clinical evidence of disease. We kept our 
values blind at this point for six months 
and so we did not know that they were ele- 
vated at that time. 

In June 1971 her results of a barium 
enema examination were still normal. She 
did not develop symptoms until the fall of 
1971. At that time she was found to have 
an advanced second primary cancer lo- 
cated in the rectum. By the time of sur- 
gery, Oct 5, 1971, her CEA level was 
greater than 10ug/ml, implying to us that 
it probably spread and was likely inoper- 
able. 

The CEA level fell to about 5ug/ml fol- 
lowing surgery. This was consistent with 
the clinical picture. A mass of tumor in- 
volving the ovary, some 8 cm X 8 cm, was 
removed. A mass in the pelvis, which mea- 
sured approximately 10 x 10 cm, re- 
mained. 

Following surgery the patient received 
4,800 rads over two months and fluoroura- 
cil, 15 mg/kg/week intravenously. By Jan- 
uary, the radiologist felt that the mass was 
7 X 7cm, and by April, 6 x 6 cm. During 
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this time her CEA values gradually fell to 
normal levels, In early September, she de- 
veloped increased difficulty with defeca- 
tion and narrowing of stools. The first ele- 
vated CEA value after the fall with 
successfu. therapy was Aug 9, 1972. This 
was about a month before symptoms de- 
veloped. At that time the patient’s alkaline 
phosphatase level was 95 units/100 ml. 
This patient’s CEA levels detected her re- 
current d sease four months before it was 
detectable otherwise, and indicated a re- 
sponse to surgery and a separate response 
to radiation and fluorouracil. Again the 
values beeame elevated at the first sign of 
treatment failure. 

A secord patient had a recurrent tumor 
in the abcominal wall. Preoperative values 
for CEA were elevated. The mass was clin- 
ically completely resected at surgery. She 
since has had six values which were in the 
normal range. 

In our experience, somewhere on the or- 
der of maznitude of 5 to 10 gm, depending 
on vascularity or location of the tumor or 
both, marks the lower limit of detectable 
tumor. 

There are problems with the assay. A 
third patient’s preoperative values were 
below normal. Altogether, he had, perhaps, 
10 gm of tumor in his body at that time. 
His disease was recurrent at the time we 
saw him, with perhaps three or feur small 
peritoneal seedings and a fistulous tract in 
the abdominal wall. The tract was excised 
and abnormal biopsy findings obtained of 
some of the peritoneal seedings. He was 
given fluorouracil after surgery. Four 
months later, some x-ray changes were 
noted in the bladder, which my associates 
attributed to increased presence of the dis- 
ease, but we could not be sure. He was 
given thioguanine. I think this patient still 
has tumor present, but at this moment we 
do not know. Furthermore, because of er- 
ratic values with some abnormal and some 
normal, CEA determination is not helpful 
in this patient, who probably had minimal 
disease present. 

In conclusion, we agree pretty much 
with what Dr. Meeker has said. His work is 
very significant. We do feel selected in- 
stances in this assay will be useful for 
monitoring chemotherapy, particularly in 
those patients in whom we have had no 
other way to quantitate the amount of dis- 
ease present. 

J. MACFARLANE, MD, Montreal: I hesi- 
tate to rise to defend my colleague, Dr. 


= Gold, in this contentious issue, but I think 


it would be of interest to the Association to 
know of some of our recent results at the 
Montreal General Hospital. 

The “tumor-associated antigen,” which 
the Hans2n modification measures, has 


been shown in the past to be positive in a 
number of different malignant diseases. At 
present Dr. Gold is using the Farr tech- 
nique, which precipitates the antigen out 
with ammonium sulfate. This gives him a 
more specific CEA level. In the last 600 de- 
terminations that he has done, he has 
shown “nonspecific” cross-reactivity in a 
few cases of inflammatory bowel disease, 
but his values continue to approach 100% 
accuracy in the gastrointestinal cancers. 

I have had the opportunity in the last 
year to follow up 23 cases with dis- 
seminated gastrointestinal malignancy in 
a prospective way, using the carci- 
noembryonic antigen (Farr modification) 
to see if there is any clinical correlation. I 
have noted three groups specifically. The 
largest group, 19 of 23 cases, show that 
there is a parallel between the CEA test 
and the clinical course. Two out of 23 pa- 
tients showed a conversion from normal to 
abnormal results, and two out of 23 went 
from abnormal to normal. The findings in 
the last two groups were in the face of pro- 
gressive disease and are a little hard to ex- 
plain. 

In conclusion, we had 91% of our cases 
that showed in serial determinations a cor- 
relation with their clinical course, which 
does suggest that there will be a role for 
this determination in following the treat- 
ment of these patients. 

Dr. MEEKER: I would like to thank Drs. 
Holyoke and MacFarlane for their com- 
ments. 

We are currently using the CEA assay 
or tumor-associated antigen assay, which- 
ever term you prefer to use, for follow-up 
of patients after therapy. We have not had 
any responses in our chemotherapy pa- 
tients; and, as you are all aware, the re- 
sponse rate is of such an order of magni- 
tude that you have to treat a number of 
patients to observe a response. 

Also, I omitted any discussion of meth- 
odology in my presentation, although it is 
in the published article, and it may be that 
the differences in methodology in some 
measure account for the differences in 
findings of colorectal cancer, although we 
too, Dr. MacFarlane, have a very high inci- 
dence in our cases. Also, I left out any clin- 
ical case reports from my presentation, 
which are included in the published report, 
which illustrate some examples where in 
retrospect we would have been led down 
the primrose path had Dr. Griffen and I re- 
lied too heavily on the CEA test. 

In conclusion, there +are two things I 
would emphasize: (1) The CEA test used 
alone is probably not of value as a sereen- 
ing procedure. (2) More work needs to be 
done to see whether it will have a role in 
the follow-up of patients after therapy. 
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Myocardial Infarction 


Ventricular Septal Defect 


Vallee L. Willman, MD; George C. Kaiser, MD; 


Hendrick B. Barner, MD, St. Louis 


In a one-year period we have successfully 
closed a postmyocardial infarction ventricu- 
lar septal rupture in four men ranging in age 
from 44 to 61 years. All are alive, 5 to 15 
months postoperatively. The bedside diag- 
nosis can be established by Swan-Ganz cath- 
eterization. However, definitive repair 
should be preceded by left ventriculography 
and coronary angiography to delineate ven- 
tricular aneurysms and associated obstruc- 
tive coronary artery disease. These defects 
have an equal incidence with anterior and in- 
ferior infarctions. Successful surgical man- 
agement includes median sternotomy, left 
ventriculotomy, and early operation. Repair 
of the defect can usually be accomplished by 
one of three techniques: direct closure, syn- 
thetic cloth patches, or a sandwich closure. 
Associated coronary artery bypass grafting 
has been infrequent. 


he sudden profound hemodynamic 

changes accompanying rupture 
of the interventricular septum follow- 
ing myocardial infarction result in a 
high mortality. There have been ap- 
proximately 100 reported instances of 
operative treatment. With emphasis 
on the rapid diagnosis of coronary ar- 
terial and myocardial lesions in crit- 
ically ill patients and more aggressive 


Accepted for publication March 30, 1973. 

From the Department of Surgery, Saint Louis 
University. 

Read before the 30th annual meeting of the 
Central Surgical Association, Toronto, Feb 24, 
1973. 

Reprint requests to 1325 S Grand Blvd, St. 
Louis 63104 (Dr. Willman). 


treatment of these lesions being un- 
dertaken, more cases will be dis- 
covered and treated. As collective ex- 
perience has increased, there have 
evolved principles of management 
that have resulted in increasingly 
successful surgical treatment. Our re- 
cent experience with this entity 
exemplifies many of these important 
aspects of management. 


Material 


From November 1971 through Septem- 
ber 1972, we have treated four patients 
with postmyocardial infarction ventricular 
septal defect (VSD) (Table 1). All were 
male, ranging in age from 44 to 61. Two 
had anterior and two inferior infarctions. 
All had left-sided heart failure, two right- 
sided failure, and one was in cardiogenic 
shock. Arrhythmias were factors in the 
course of three patients. Two had ventricu- 
lar tachyarrhythmias, one requiring de- 
fibrillation. A third had bradycardia oc- 
curring with cardiac catheterization, 
requiring transient electrical pacing. Sep- 
tal rupture occurred 3, 6, 10, and 70 days 
following myocardial infarction. 

All patients underwent left ventric- 
ulography and coronary angiography pre- 
operatively to delineate the presence of 
ventricular impairment, mitral insuffi- 
ciency, and VSD, and the extent of coro- 
nary artery obstructive lesions. Ventricu- 
lar septal defect was suspected before 
cardiac catheterization in two and con- 
firmed in one at the bedside by Swan-Ganz 
catheterization.' All had evidence of a left- 
to-right shunt on left ventriculography. 
Mitral insufficiency was present in all, 
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minimal in three and moderate in one. Two 
had frank ventricular aneurysms. The 
other two patients had akinetic myocardial 
segments. Significant associated coronary 
artery disease was observed in all. Com- 
plete occlusion of the major vascular sup- 
ply to the area of infarction was observed 
in three patients. Associated significant 
stenoses (5 75%) were observed in two of 
the eight remaining major vessels. 
Ventricular septal defect repair and 
ventricular resection were performed 
through a median sternotomy and left 
ventriculotomy in all. Associated coronary 
artery bypass grafting was performed in 
one patient. In three, direct VSD repair 
was accomplished by horizontal mattress 
sutures buttressed with Dacron cloth. Left 
ventricular closure was completed to this 
closure. In one patient, excision of the an- 
terior left ventricular aneurysm was fol- 
lowed by a Dacron cloth buttressed single 
suture line closure of the free walls of the 
right and left ventricles with the septum 


=- sandwiched between, as described by Dag- 


gett et al.? Closure of the VSD was demon- 
strated in all patients by postoperative left 
ventriculography. All are alive 5, 7, 11, and 
15 months postoperatively. Two have re- 
tired. One has returned to work, and the 
fourth is planning to resume working in 
the near future. All are relatively asymp- 
tomatic, with the exception of mild occa- 
sional chest pain in one. One patient un- 
eventfully underwent a transurethral 
resection for benign prostatic hypertrophy 
two months postoperatively. 


Comment 


Treatment of patients with post- 
myocardial infarction VSD has re- 
vealed certain premises pertinent to 
their successful management. Atten- 
tion has been drawn to some of these 
factors by several authors. Manage- 
ment has been modified as experience 
has accumulated and the number of 
published reports on the surgical 
treatment of these patients has in- 
creased. Application of these prin- 
ciples collectively gained should make 
for improved rehabilitation of these 
critically ill patients. 

Postmyoeardial infarction VSD is 
commonly mistaken for mitral re- 


gurgitation, due either to papillary 


muscle dysfunction or rupture. This 
was the primary working diagnosis in 
all of our patients during their treat- 
ment periods prior to transfer to our 
hospital. In two patients this diag- 
nosis was revised prior to left ven- 
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Clinical Findings 














Patient Infarction Systolic Failure 
Age, yr/ Murmur 
Sex Date Location Onset Right Left Shock Arrhythmia 
1 11/14/71 Antero- 11/24/71 No Yes Yes Premature 
44/M septal ventricular 
contraction 
2 1/14/71 Anteror 3/25/72 No Yes No Bradycardia 
537M ; 
3 4/10/72 Inferior 4/16/72 Yes Yes No No 
61/M 
4 7/26/72 Inferior 7/29/72 Yes Yes No Ventricular fibrill: 
60,/M & supraventrici 


tachycardia 


* VSD was present in all cases. RCA signifies right coronary artery; LAD, left anterior de- 
scending artery; CCA, circumflex ceronary artery; and LV-EDP, left ventricular end diastolic 


pressure. 


t All hed resection of LV aneurysm or infarct. CABG signifies coronary artery bypass graft. 
ł All VSDs were seen as closed atpostoperative cardiac catheterization. 


triculography. In one of these, the 
diagnosis was clearly establshed at 
the bedside by the demonstration of 
increased oxygenation of the pulmo- 
nary artery blood by Swan-Ganz 
catheterization and the absence of a 
pulmonary capillary pressure abnor- 
mal V-wave (Table 2). 

Mitral regurgitation due to papil- 
lary muscle dysfunction is a frequent 
but often transient occurrence with 
inferior myocardial infarct on.’ It 
may only be manifested by a systolic 
murmur. or may be accompanied by 
left-sided congestive heart failure. 
This rekatively frequent oceurrence 
probably accounts for this diagnosis 
being made more commonly than rup- 
ture of the interventricular septum. 
Papillary muscle dysfunction gener- 
ally is a relatively benign disease. In 
contrast. mitral regurgitation second- 
ary to papillary muscle rupture fol- 
lowing infarction or due to severe 
papillary muscle dysfunction associ- 
ated with a ventricular aneurysm or 
an akinetic muscular segment may be 
a devastating hemodynamic occur- 
rence, often culminating in a rapidly 
downhill course. Correction requiring 
valve replacement in these acute situ- 
ations has been attendant with a low 
success rate.*° 

Hemodynamically, postmyocardial 
infarction ventricular septal rupture 
falls between these two types of 
papillary muscle dysfunction in sever- 
ity. Differentiation between mitral 


insufficiency and VSD can be estab- 
lished at the bedside with a Swan- 
Ganz catheter, as in one of our cases 
and as recently reported.*’ Yatteau 
and Orgain have used a hydrogen- 
sensitive platinum-tipped electrode to 
determine ventricular shunting in 
similar instances.* 

As with any potentially surgically 
amenable lesion, it is important to 
have an accurate and thorough diag- 
nosis preoperatively in order to in- 
crease the likelihood of a successful 
repair. Preoperative left ventric- 
ulography to delineate left ventricu- 
lar impairment and/or aneurysm and 
mitral insufficiency, and confirm the 
presence of a VSD is important and 
was used in all of our patients. Coro- 
nary angiography is advantageous to 
assess coronary artery obstructive 
disease, which may be additionally 
treated by bypass grafting at the 
same operation. Frequently, as we 
have also observed in the treatment 
of ventricular aneurysms, a totally oc- 
cluded vessel serves only the in- 
farcted or aneurysmal area, and exci- 
sion and repair of this area leaves 
little to be gained by bypass grafting 
to that vessel. 

Occasionally, however, there are 
additional obstructed vessels, and it is 
logical to treat these simultaneously. 
Although most reports of VSD repair 
have not been associated with coro- 
nary artery bypass grafting, there is 
evidence of its increasing use. The 
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Table 1.—Clinical Data 
Preoperative Carcdiae Catheterization* 


Operationt Postoperative Cardiac Result 
Coronary Artery. Catheterizationt 
max % Stenosis Mitral VSD Months 
m Insuffi- Aneu- LV-EDP, Size, Closure LV LV-EDP, Postop- 
Yate RCA LAD CCA ciency rysm mmHg Date cm Technique CABG Date VSD Function mmHg erative Status 
24/71 30 100 50 Minimal No 20 11/24/71 3.0 Sandwich No 12/15/71 Closed Normal 13 15 Working 
28/72 50 100 SO Minimal Apical 17 3/30/72 1.5 Direct No 2/7/73 Closed Poor 20 11 oo 
. siona 
angina 
pectoris 
27/72 70 90 70 Minimal Inferior 16 7/28/72 1.5 Direct LAD 8/9/72 Closed Improved 14 7 Retired 
21/72100 50 50 Moderate No 16 9/22/72 2.5 Direct No 10/4/72 Closed Improved 5 5 TAa 
o wor 


reasons for this are probably twofold: 
the increased “requency of preopera- 
tive coronary angiography and the 
more frequent employment of coro- 
nary artery bypass grafting. 

As recently emphasized by Shu- 
macker, VSD occurs almost equally 
with anterior end mferior myocardial 
infarction, a fact we had become 
aware of also by reviewing previous 
reports when stimalated by the equal 
incidence of aaterior and inferior in- 
farction in ovr experience’ By up- 
dating this cepert, including our 
cases, we have found the ineidence of 
VSD remains 2qually associated with 
anterior and inferior infarctions in 
those patients with surgically re- 
paired VSDs (Table 3).**°-" Loop 
and associates have recently pointed 
out the relative infrequency of poste- 
rior left ventricular aneurysms re- 
quiring surgical nepair compared to 
anterior aneutysms.'° This contrasts 
sharply with the experience of surgi- 
cally treated »ost-myocardial infarc- 
tion VSD. 

Discussion əf VSD repair has re- 
volved around three aspects: ap- 
proach, technique, and timing. Many 
of these areas have been clarified as 
collective experience has grown. Al- 
though some hawe advocated other 
approaches, median sternotomy is our 
preferred indsion and that most 
often used by ethers. It is rapid, eas- 
ily performed, and well-tolerated. 
Any potential benefits gained by 
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other operative incisions in the inter- 
est of rapid exposure of the heart of 
these critically ill patients is matched 
by the simplicity of median ster- 
notomy and, additionally, the poten- 
tial for partial extracorporeal support 
or intra-aortic balloon pumping. Both 
can be established under local anes- 
thesia through a groin incision preop- 
eratively. Exposure of the anterior 
and posterior surfaces of the heart 
for adequate repair has not been a 
problem during bypass. 

Exposure of the VSD by left ven- 
triculotomy is preferable, as has been 
championed recently by Javid and as- 
sociates.® There is general agree- 
ment that these defects differ from 
congenital defects in location and 
surrounding tissue quality. There- 
fore, they require different tech- 
niques for closure. Avoidance of an 





Table 2.—Right Heart Blood 
Analysis* 












Po2, Pcoz, 
pH mmHg mm Hg 





Pulmonary 
artery 7.38 


Right atrium 7.33 





44 20 











* Pressures obtained at bedside with 
Swan-Ganz catheter in patient 1. 


Table 3.—Infarction Location 


Anterior and inferior 2 
Anterior 40 
Inferior 36 
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incision in a relatively normal and 
uninfarected right ventricle is 
eminently sound. Because the defect 
is low on the septum, it may be very 
difficult to expose through the right 
ventricle, whereas it is readily visual- 
ized from the left. The additional ne- 
cessity for usually treating associated 
left ventricular akinetic areas or ven- 
tricular aneurysms is well-recognized. 
The left ventricular approach has led 
to greater success in VSD closure, and 
a higher survival rate. 

Basically there are three tech- 
niques of management of the defect. 
All freely utilize Dacron and Teflon 
cloth or felt as suture buttressing or 
patches. Some defects can be closed 
by directly suturing the septal defect 
edge to the right ventricular free 
wall. Then the left ventricular free 
wall can be closed to this, restoring 
the integrity of the heart. This can be 
applied to both anterior and posterior 
aneurysms. This technique was used 
in three of our patients. Amputation 
of the apex or anterior right ventricle 
and left ventricular free wall and clo- 
sure of the remaining septum sand- 
wiched between the free walls of the 
right and left ventricles in a one- 
stage closure is infrequently possible, 
but highly satisfactory where fea- 
sible. Application of this technique 
requires a favorable anatomical situ- 
ation. Both of the above techniques 
require a significant portion of the 
ventricular septum to have remained 
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uninfarcted and intact. With destruc- 
tion of a major portion of a ventricu- 
lar septum, a patch appropriately 
placed to reconstruct the septum 
must be used. The free edges of this 
patch then can be incorporated in the 
closure of the free right and left ven- 
tricular walls. This technique has 
been applied in both anterior and pos- 
terior infarction, and has been used 
to replace large muscular septal de- 
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DONALD A. BARNHORST, MD, Rochester, 
Minn: I would like to compliment Dr. Will- 
man on both an excellent appraisal of the 
difficult situation one is presented with in 
postinfarction VSD, as well as on his excel- 
lent results. My comments really are to 
support several of the points Dr. Willman 
has made. 

We have recently reviewed our results at 
the Mayo Clinic, principally through the 
efforts of Dr. Norman Odyniec, one of our 
thoracic surgical residents. We have oper- 
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fects successfully. 

There has been a tendency in the 
past to delay operative repair in these 
patients, since early operation has 
been attendant with a high mortality 
and incomplete defect closure. This 
trend has been recently reviewed by 
Shumacker.’ While delay may be de- 
sirable to achieve a greater survival 
percentage, all agree that early oper- 
ation may be mandated by hemody- 
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Discussion 


ated on 14 patients, with 3 eperative 
deaths; and of the 11 survivors, there have 
been five late deaths, four of whom had 
documented or highly suspected myocar- 
dial infarctions. I think this points up the 
fact that the long-term survival of these 
patients is very dependent on the integrity 
of the remaining coronary arteries. 

We feel, therefore, that preoperative 
coronary arteriography is essential in 
the proper management of these patients. 
Any critical lesions of the remaining ar- 


namic collapse. Improved techniques 
in handling these defects and the sur- 
rounding muscle with poor tensile 
strength have made operations at 
this early stage less prohibitive, as 
exemplified by one of our cases and 


those recently reported by oth- 


erg,?: 10.14.17 
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teries supplying noninfarcted myocardium 
should then be grafted at the time of exci- 
sion of the infarct and closure of the VSD. 
We would also support Dr. Willman’s ap- 
proach to the VSD closure via the left ven- 
tricle. Resection of the infarct provides ex- 
cellent exposure through the left ventricle 
and trabeculations are not so bothersome. 
Patch placement on the high-pressure side 
is also frequently of benefit when dealing 
with a myocardium such as this. 
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Cardiac Valve Injury 
With Major Chest Trauma 


Lester R. Bryant, MD, ScD; Kazi Mobin-Uddin, MD; 
Marcus L. Dillon, MD; Michael A. Hinshaw, MD; 


Joe R. Utley, MD, Lexington, Ky 


The diagnosis of cardiac valve injury with 
major chest trauma is often delayed. An ex- 
perience with four patients illustrates the 
clinical syndromes that may occur. Non- 
penetrating blunt chest trauma produced the 
valve injury in three patients, and the fourth 
received a shotgun wound. Injury to the tri- 
cuspid valve was masked by the associated 
thoracic trauma in both patients with this le- 
sion, but progressive deterioration led to 
successful valve replacement ten years and 
five months after injury. Rupture of the mi- 
tral valve produced progressive respiratory 
failure that was reversed by emergency valve 
replacement in the third patient. 

The fourth patient has remained stable 
without operative treatment for acute aortic 
insufficiency resulting from the shotgun pel- 
lets. 

At present, serial electrocardiography is 
the best diagnostic method for early detec- 
tion of cardiac injury with nonpenetrating 
chest trauma. 


ramatic reports describing the 
successful management of se- 
vere cardiac injuries have become in- 
creasingly frequent in recent years. 
In addition to the more common lac- 
erations of cardiac chambers,'? coro- 
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nary artery injuries, ventricular an- 
eurysms, ventricular septal defects, 
and valve injuries have been de- 
scribed after penetrating** and non- 
penetrating™-™ thoracic trauma. The 
diagnosis of an associated cardiac in- 
jury is more likely to be missed in pa- 
tients with blunt thoracic trauma, 
however, than in those with pene- 
trating chest wounds. The chest wall 
and pulmonary injuries that result 
from nonpenetrating trauma often 
dominate the clinical picture and ob- 
scure the diagnosis of valve injury." 
Especially noteworthy are the two pa- 
tients with ruptured mitral chordae 
tendineae reported by Bailey et al.” 
Neither patient had sufficient evi- 
dence of cardiac or thoracic injury to 
require immediate hospitalization af- 
ter steering wheel compression in au- 
tomobile accidents. 

Although valve injuries are rare in 
relation to the frequency of chest 
trauma, their recognition is impor- 
tant because of the possible he- 
modynamic effects on morbidity and 
mortality. This report of four pa- 
tients illustrates some of the clinical 
syndromes that may occur. 


Report of Cases 


Of the four patients described in this re- 
port, nonpenetrating blunt trauma was re- 
sponsible for valve injury in three, and the 
fourth patient received a shotgun wound 
from a considerable distance. The two pa- 
tients with tricuspid valve trauma have 
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Fig 1.—Preoperative chest x-ray film (case 
1). Marked enlargement of right atrium and 
right ventricle. 


been described previously as individual 
case histories.'*'’ An additional patient 
with clinical and electrocardiographic evi- 
dence of mitral valve rupture associated 
with blunt trauma refused cardiac cathe- 
terization. The patient was lost to follow- 
up after hospital discharge and is not in- 
cluded in the case descriptions because the 
diagnosis remained unproved. 

Case 1.—A 45-year-old white factory 
worker was referred to this medical center 
in May 1965 because of generalized weak- 
ness, lightheadedness, and cramps with 
coolness in the lower extremities. He had 
suffered a crushed chest injury in an auto- 
mobile accident ten years earlier. At that 
time he was told that his heart was 
bruised, but he could not remember any 
discussion about injury to the cardiac 
valves. Nevertheless, he and his wife first 
noted rhythmic pulsations in his neck upon 
recovery from the accident. 

Physical examination showed striking 
venous pulsations in the neck and pulsa- 
tions of the liver that were synchronous 
with cardiac systole. The blood pressure 
was 140/110 mm Hg with a pulse rate of 80 
beats per minute. A pansystolic murmur 
was audible along the lower left sternal 
border and it increased in intensity during 
inspiration. Pistol shot sounds were au- 
dible over the palpable venous pulsations. 

An electrocardiogram showed incom- 
plete right bundle branch block and wide 
P-waves. The chest roentgenogram dem- 
onstrated cardiac enlargement, especially 


_ of the right atrium and right ventricle (Fig 


1). At cardiac catheterization, the right 
atrial and right ventricular pressures were 
essentially identical, 15/3 mm Hg. The car- 


- diac index was 1.4 liters/min/sq m and a 


right ventriculogram showed massive re- 
flux of contrast material into the right 
atrium and both cavae. 
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With the diagnosis of traumatic tri- 
cuspid insufficiency, the patient first 
underwent operation in 1964 at another 
medical center. The operation had to be 
abandoned because of problems with arte- 
rial perfus.on before the right atriam was 
opened. Reoperation at the University of 
Kentucky was performed in May 1965 un- 
der cardiopulmonary bypass. The tricuspid 
annulus was found to be greatly dilated 
with a diameter of approximately 10 cm. 
Only remnants of tricuspid valve tissue re- 
mained and these were excised before a 
ball valve prosthesis was inserted. No his- 
tologic abnormality was found on exami- 
nation of the valve remnants. 

After recovery from a postoperative 
pneumonia. the patient made gooe prog- 
ress and returned to a satisfactory evel of 
activity (Fig 2). He died suddenly n Feb- 
ruary 1966 with symptoms suggestive of a 
cerebrovascular accident. 

CASE 2.—A 39-year-old white coal miner 
was admitted in July 1967 because of fa- 
tigability with progressive swelling of the 
legs and abdomen. Five months earlier he 
had been hospitalized for three dzys fol- 
lowing an automobile accident in waich he 
received fractures of several ribs on the 
left side. He returned to work and re- 
mained well for ten weeks befcre his 
symptoms began. 

Physical examination showed marked 
elevation of jugular venous pressure with 
large, collapsing systolic waves. General- 
ized edema was accompanied by ascites 
and a right pleural effusion. The heart rate 
was 120 beats per minute and the blood 
pressure wgs 120/100 mm Hg, with a para- 
dox of 20 mm Hg during quiet inspiration. 
A grade 8/6 pansystolic murmur was 
heard at the lower left sternal border and a 
pericardial friction rub was audible over 
most of the precordium. The ECG showed 
low voltage with pointed, inverted T- waves 
in most leads. Cardiac size appeared nor- 
mal on the chest roentgenograms. 

Cardiac catheterization with right ven- 
triculography confirmed the clinica. diag- 
noses of constrictive pericarditis aad tri- 
cuspid incompetence. The right atrial 
mean pressure was 15 mm Hg and the 
right ventricular pressure was 38/14 mm 
Hg. Exploration through a median ster- 
notomy revealed a thickened parietal peri- 
cardium with 200 ml of dark brown fluid in 
the pericardial space. The surface of the 
heart was covered by a tight fibrous peel, 
which obviously restricted diastolic expan- 
sion of the ventricles. Cardiopulmonary 
bypass was instituted and the right atrium 
was opened to reveal a flail anterior leaflet 
of the tricuspid valve. The chorda2 ten- 
dineae of this leaflet were ruptured, and 
the leaflet had become thickened. Afer re- 





Fig 2.—Chest x-ray film (case 1) four 


months after tricuspid valve replacement. 
Marked reduction in cardiac size. 


placement of the tricuspid valve with a 
disc prosthesis, extracorporeal circulation 
was discontinued and the constricting fi- 
brous peel was excised from the surface of 
the heart. 

The patient’s postoperative recovery 
was uneventful, and he is presently follow- 
ing normal activities. 

Case 3.—A 36-year-old white man was 
transferred to this medical center in 
March 1972 because of severe and progres- 
sive respiratory distress associated with a 
blunt chest injury received in an auto- 
mobile accident 40 hours earlier. He was 
incoherent and cyanotic with a respiratory 
rate of 40/min. His central venous pres- 
sure was 15 cm H.O and the blood pressure 
was 124/80 mm Hg. Crepitus was easily 
palpable over the left fifth costal cartilage, 
and paradoxical motion of the lower left 
anterior chest wall was noted. Wheezes 
and rales were audible bilaterally. A short, 
grade 3/6 systolic murmur was heard over 
the inferior aspect of the left anterior part 
of the chest. 

An ECG showed sinus tachycardia with 
S-T segment and T-wave changes compat- 
ible with cardiac injury (Fig 3). Extensive 
bilateral pulmonary infiltrates due to pul- 
monary contusion and pulmonary edema 
were demonstrated by the chest roentgen- 
ogram. The admission diagnoses included 
flail chest, pulmonary contusion, myocar- 
dial contusion, and probable rupture of the 
tricuspid valve. 

Mechanical ventilation was initiated 
with a volume-controlled respirator and 
positive end-expiratory pressure. In addi- 
tion to digoxin, treatment included re- 
peated doses of furosemide with fluid re- 
striction. Poor oxygen exchange continued, 
however, and the patient required inspired 
oxygen concentrations of 60% to 80% to 
maintain the oxygen pressure above 60 
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Fig 3.—Early ECG (case 3) shows S-T segment and T-wave 
changes compat ble with pericerditis or cardiac trauma. 


mm Hg. Frem the seventh to the tenth 
postinjury days. a progressive increase in 
the pulmonary infiltrates was demon- 
strated by ches- reentgenograms (Fig 4). 
The systolie murmar became more promi- 
nent and the possibility of mitral valve 
rupture rather than tricuspid injury 
seemed likely. Emergency cardiac cathe- 
terization confirmed the presence of severe 
mitral insufficiency with a pulmonary ar- 
tery pressure ef 7032 mm Hg Pulmonary 
capillary wedge pressure was 25 mm Hg 
with V-waves te 34 mm Hg. 

On the 12th day after injury the patient 
underwent surgical exploratien with car- 
dicpulmonary bypass. The tricuspid valve 
was norma! by mtra-atrial palpation but a 
systolic thrill was palpable cver the dis- 
tended left atrium Direct visualization of 
the mitral valve showed avulsion of the tip 
of the anterior papillary muscle, including 
the chordae tendneae of tne posterior 
leaflet. This injary allowed fiail motion of 
the posterier leefie. while the anterior leaf- 
let appeared to be intact. The mitral valve 
wes replaced with a ball valve prosthesis. 
Histologic examination showed necrosis of 
the papillary musc e at the site of rupture. 

Following cperacion the paczient’s condi- 
ticn slowly improved and mechanical ven- 
tilation was discentinued oa the tenth 
postoperatiwe day. After hospital dis- 
charge on the 30th postoperative day he 
had made progressive recovery with a re- 
turn to near-normal activity. 

Case 4.—A B6-year-old white boy was 
transferred te the universitr hospital in 
August 1967 because of a suspected cardiac 
valvular injury from a shotgun blast. Nine 
days earlier he hed been woanded in the 
right side ef the chest and abdomen by an 
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unseen hunter. Abdominal exploration was 
performed at another hospital with the 
findings of hemoperitoneum due to pene- 
tration of the liver by a number of shotgun 
pellets. An initial small hemothorax on the 
right increased during the first week fol- 
lowing injury. In addition, he showed signs 
of a pericardial effusion and a diastolic 
murmur was heard along the left sternal 
border. Previous physical examinations, to 
allow participation in high school sports, 
had not revealed a cardiac murmur. 
Physical examination showed the pa- 
tient to be dyspneic at rest without cya- 
nosis. Many pellet wounds over the right 
side of the chest and flank showed satisfac- 
tory healing, but there were signs of a 
massive right pleural effusion. A grade 3/6 
holodiastolic murmur was heard along the 
left sternal border. Chest roentgenograms 
confirmed the right pleural effusion and 
suggested the presence of a pericardial ef- 
fusion (Fig 5 and 6). Shotgun pellets were 
distributed over both hemithoraces and 
over the right upper part of the abdomen. 
Thoraeentesis and pericardiocentesis re- 
moved 900 ml and 40 ml of blood-stained 
fluid from the pleural and pericardial cav- 
ities, respectively. The patient’s dyspnea 
was relieved completely. Cardiac fluoros- 
copy showed that three pellets moved syn- 
chronously with the heart. One pellet was 
located in the area of the main pulmonary 
artery, and the other two were adjacent to, 
or within, the ventricular myocardium 
near the base of the heart. Cardiac cathe- 
terization showed normal intracardiac 
pressures, but an aortogram demonstrated 
mild aortic valvular insufficiency. It was 
concluded that one of the shotgun pellets 
had either perforated an aortic valve cusp 





' 3a) 
FS 





Fig 4.—Chest x-ray film on tenth day after injury shows extensive 
pulmonary edema and consolidation (case 3). 


or injured the aortic wall at the site of a 
valve commissure. Because the patient’s 
further recovery was satisfactory, no sur- 
gical treatment was recommended. 
During semiannual follow-up visits, the 
patient has remained asymptomatic. The 
chest roentgenograms and ECGs suggest 
normal heart size and configuration. 


Comment 


The experience with our two pa- 
tients suggests that isolated tricuspid 
incompetence resulting from blunt 
chest trauma is well tolerated in the 
acute stage. It is this tolerance for 
the hemodynamic effects of tricuspid 
incompetence and the preoccupation 
with the associated thoracic or mul- 
tiple injuries that is responsible for 
failure of early diagnosis. A review of 
the 17 reported cases indicates that 
the diagnosis is rarely made until 
months or years after the acci- 
dent.’''-'* The relatively early onset 
of symptoms, and their rapid progres- 
sion in our second case, was most 
likely due to the associated severe 
constrictive pericarditis. A signifi- 
cant reduction in cardiac output 
might be expected in any patient 
with tricuspid insufficiency, but Mor- 
gan and Forker"' have divided the re- 
ported cases into two groups on the 
basis of the anatomic injury. The pa- 
tients with a ruptured papillary 


muscle had the onset of symptoms | 


very soon after trauma, and either 
died or required operative repair 
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Fig 5.—Presence of large pleural effusion 
confirmed by lateral decubitus chest x-ray 
film (case 4). 


within four months. With two excep- 
tions, those patients with a ruptured 
chordae tendineae or valve leaflets 
had mild symptoms with delayed on- 
set. A factor that has received little 
mention from previous authors is the 
associated myocardial contusion, 
which should result from blunt 
trauma sufficient to rupture a cardiac 
valve. DeMuth and his associates 
have provided an excellent review of 
cardiac contusion with emphasis on 
the serious lethal potential of this le- 
sion. If survival from the acute 
trauma does occur, then many years 
may elapse before operative treat- 
ment is required. In the patient 
reported by Brandenburg and his as- 
sociates, valve replacement was per- 
formed 24 years after tricuspid in- 
jury." 

The initial erroneous diagnosis of 
tricuspid incompetence in case 3 was 
based on the soft, nonradiating qual- 
ity of the murmur, and our previous 
experience with the two patients with 
tricuspid valve injury. In retrospect, 
the continued evidence of pulmonary 
edema after several days of ventila- 
tory support should have led to an 
earlier consideration of mitral valve 
rupture. Fortunately, cardiac cathe- 
terization provided the correct diag- 
nosis and allowed valve replacement 
before irreversible pulmonary changes 
had occurred. 

Mitral valve rupture due to non- 
penetrating chest trauma has been 
reported rarely, and only six patients 
treated surgically are recorded in the 
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literature. "6 As pointed out by 
McLaughlin et al, there may be con- 
siderable variation in the clin cal pre- 
sentation.'® The patient with mitral 
valve injury may die within a short 
time, or the initial symptoms may be 
minimal. In contrast to our patient 
who required operation within days 
after injury, Bailey’s first case under- 
went mitral valve repair 24 years af- 
ter the causative accident." 

Most patient who reach the 2ospital 
alive after gunshot wounds of the 
heart require immediate thorecotomy 
to assure the maximum chance for 
survival. Our case 4 is unique because 
of the benign course associated with 
penetration of his heart by one or 
more shotgun pellets. The only ques- 
tion that arose regarding hs man- 
agement related to the hazard of the 
pellets which remained in the heart. 
While embolization and migration of 
missiles retained in the heart er great 
vessels has occurred, there is 10 una- 
nimity of opinion regarding their 
elective removal.”?*’ After studying 
40 World War II veterans, Blend and 
Beebe suggested that large missiles 
should be removed while smaler ob- 
jects should be left alone.** We have 
not been tempted to operate on our 
patient because of his asympomatic 
state, and because it could be ex- 
tremely difficult to locate the retained 
shotgun pellets. 

Published experience indieates a 
need to continue emphasizing the 
possibility of an associated cardiac in- 
jury in any patient who receives non- 
penetrating thoracic trauma. There is 
clearly no direct relationship between 
the severity of the chest wall injury 
and the occurrence of cardiac trauma. 
Especially in younger persons. with a 
resilient thoracic cage, severe cardiac 
injury could occur in the absence of 
any associated sternal or rib frac- 
tures. In fact, the ability of the heart 
to decompress its chambers iato the 
cayae and through the semilunar 
valves is possibly responsible for the 
relatively low incidénce of significant 
cardiac injuries with blunt chest 
trauma. 

The occurrence of a sternal frac- 
ture, tachycardia, cardiac arrhyth- 
mias, hemothorax, pericardial friction 
rub, increased central venous pres- 





Fig 6.—Upright lateral chest x-ray film 
(case 4). Distribution of shotgun pellets in 
anteroposterior direction. 


sure, or electrocardiographic abnor- 
malities should alert the physician to 
the possibility of cardiac injury in the 
patient with nonpenetrating trauma. 
The development of hemopericar- 
dium, or a new cardiac murmur, is 
unequivocal evidence of cardiac 
trauma; but hemopericardium may 
not be detected by physical examina- 
tion if acute cardiac tamponade does 
not occur (case 2). Associated medias- 
tinal or subcutaneous emphysema, la- 
bored respirations with rales and 
rhonchi, or a pericardial friction rub 
may obscure the early detection of a 
cardiac murmur due to rupture of a 
valve or the ventricular septum. 
Therefore, serial ECGs are presently 
the best diagnostic method for the 
early detection of cardiac injury. 
The S-T segment and T-wave changes 
compatible with pericarditis, myocar- 
dial contusion, or subendocardial is- 
chemia appear to be the most fre- 
quently recorded ECG abnormalities. 
Complete and incomplete right bun- 
dle branch block and intraventric- 
ular conduction disturbances may be 
observed, but DeMuth and associates 
have emphasized the point that ECG 
abnormalities may be delayed in ap- 
pearance. Measurements of serum 
glutamic oxaloacetic transaminase 
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. and lactic de@aydsogenase have not 
been helpful im patients with exten- 
sive trauma. Elezations of creatine 
phosphokinase ard the lactic dehy- 
drogenase iseemzymes may be sug- 
gestive of caréiec trauma, however, if 
measurements are made very soon af- 
ter injury. Wia suspected valve rup- 
ture, cardiac catheterization and an- 
gioeardiography should be performed 
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to establish the diagnosis and to as- 
sess the severity of altered hemody- 
namics. 

From this review it is apparent 
that the treatment of cardiac valve 
injury should depend on the patient’s 
symptoms and the acute or chronic ef- 
fects of valvular incompetence. Re- 
pair may be accomplished either by 
prosthetic valve replacement or by re- 


References 


juries due to nonpenetrating thoracic 
trauma. Ann Thorac Surg 14:504-511, 1972. 

10. Bailey CP, Vera CA, Hirose T: Mi- 
tral regurgitation from rupture of chordae 
tendineae due to steering wheel compres- 
sion. Geriatrics 24:90-105, 1969. 

11. Morgan JR, Forker AD: Isolated tri- 
cuspid insufficiency. Circulation 43:559- 
564, 1971. 

12. Shabetai R, et al: Traumatic hemo- 
pericardium with tricuspid incompetence. 
J Thorac Cardiovase Surg 57:294-297, 1969. 

13. Shabetai R, Adolph RJ, Spencer FC: 
Successful replacement of the tricuspid 
valve ten years after traumatic incompe- 
tence. Am J Cardiol 18:916-920, 1966. 

14. DeMuth W Jr, Bane AE, Odom J Jr: 
Contusions of the heart. J Trauma 7:443- 
455, 1967. 

15. Brandenburg RO, et al: Traumatic 
rupture of the chordae tendineae of the tri- 
a valve. Am J Cardiol 18:911-915, 


16. Barber H: The effect of trauma, di- 
rect and indirect, on the heart. Q J Med 
1838:137-144, 1944. 


a? Th TRA * 


constructive procedures. Valve 
replacement was chosen for our pa- 
tients because of the severity of valve 
damage in case 1 and 2, and because 
of papillary muscle injury in case 3. 


Nonproprietary Name and 
Trademark of Drug 


Furosemide— Lasix. 


17. Childress RH, Maroon JC, Genovese 
PD: Mitral insufficiency secondary to rup- 
tured chordae tendineae. Ann Intern Med 
65:232-236, 1966. . 

18. Manhas DR, et al: Repair of mitral 
incompetence secondary to ruptured chor- 
te tendineae. Circulation 48:688-697, 

19. McLaughlin JS, et al: Mitral valve 
disease from blunt trauma. J Thorac Car- 
diovase Surg 48:261-271, 1964. 

20. Sanders CA, et al: Severe mitral 
regurgitation secondary to ruptured 
chordae tendineae. Circulation 31:506-516, 


1965. 

21. Weldon CS, et al: Clinical recognition 
and surgical management of acute disrup- 
tion of the mitral valve. Ann Surg 
175:1000-1005, 1972. 

22. Hardy JD, Timmis HH: Repair of in- 
tracardiac gunshot injuries. Ann Surg 
169:906-911, 1969. 

23. Bland EF, Beebe GW: Missiles in the 
heart. N Engl J Med 274:1039-1046, 1966. 


Cardiac Valve Injury/Bryant et al 283 





i% 


= r rae d 
Shae re Tal E E, 


LST dies 


ee oe 


` 
è of 


Surgical Therapy 


of Fibrosarcoma of Extremities 


A Reappraisal 


El B. Castro, MD; Steven I. Hajdu, MD; Joseph G. Fortner, MD, MSc, New Yerk 


During an 18-year period from 1949 to 
1967 at Memorial Sloan-Kettering Cancer 
Center, 75 patients with fibrosarcoma of the 
extremities had definitive surgical therapy 
with an overall five- and ten-year survival of 
70% and 60%, respectively, and a local re- 
currence rate of 28%. Soft part resection 
was attempted in all cases. Amputation was 
done where adequate margin could not be 


| peak beret pose challenging 
problems in diagnosis and ther- 
apy. Rare occurrence and unpredict- 
able behavior make the selection of 
appropriate definite surgical therapy 
difficult to appraise. Central to this 
problem is the characterization of an 
adequate resection without sacri- 
ficing the limb, as well as the indica- 
tions for amputation. 


Materials and Methods 


During the 18-year period from Jan 1, 
1949, to June 30, 1967, a total of 75 patients 
with fibrosarcoma of the extremities had 
definitive surgical therapy at Memorial 
Sloan-Kettering Cancer Center (MSKCC). 
Thirty-five patients had their initial de- 
finitive treatment at MSKCC and are con- 
sidered as primary cases. Thirty-eight had 
locally recurrent disease after inadequate 
excision elsewhere (secondary cases). Two 
additional patients were advised to have 
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obtained as determined by site and size of 
tumor; neurovascular, bone, or joint involve- 
ment; and multicentric origin. Results indi- 
cate that a second local recurrence justifies 
amputation. Regional lymph node dissection 
is not indicated. The determining factor in 
death of patients due to fibrosarcoma is dis- 
tant metastasis, 78% of which is pulmonary. 


an amputation, which was performed else- 
where, buz then they returned for periodic 
follow-up examination. All patients have a 
five-year follow-up, and 65 could be eval- 
uated at ten years. Excluded from this 
series are 32 patients: 20 with extra-ab- 
dominal desmoid or dermatofibrosarcoma 
protuberans, six had distant metastasis, 
and six refused treatment. Surgical treat- 
ment consisted of one of the following pro- 
cedures. 

1. Soft Part Resection.—This procedure’ 
consisted of removal of a large portion or 
all of a muscle group containing the tumor. 
Depth of excision must include at least one 
fascial plane uninvolved by tumor. The 
length of excision approaches the origin 
and insertion of the muscles. 

2. Wide Local Excision.—This term is re- 
stricted to those cases in which only a 4 to 
6 cm margin of normal tissue was obtained 
around the tumor. Any more limited exci- 
sion is classified as local excision or enu- 
cleation, and is considered as an excisional 
biopsy. 

3. Amputation.—The various types em- 
ployed were hemipelvectomy, hip dis- 
articulation, thigh amputation, below-knee 
amputation, interscapulothoracic amputa- 
tion, shoulder disarticulation, and mid-arm 
amputation. 

All 54 of 75 patients whose microscopic 
slides were available were reviewed. Histo- 
logic grading of 1 to 4 were based on cellu- 


larity, pleomorphism, and amount of inter- 
stitial collagen. Grade 1 were low grade 
tumors that were not cellular, composed of 
uniform spindle cells, and acellular colla- 
genous tissue. Grade 4 were fully malig- 
nant, highly cellular pleomorphic tumors 
with mononucleated or multinucleated gi- 
ant cells. Tumors not classified as either 
grade 1 or 4 were called grade 2 or 3 on the 
basis of cellularity and pleomorphism of 
the tumor. 


Results 


Incidence.—There were 49 males 
and 26 females, an almost 2:1 ratio. 
Their age ranged from 2 to 79 years 
with an average of 42 years. A peak 
age incidence was between the fourth 
and sixth decade. The lower extrem- 
ities were more commonly involved 
than the upper (Table 1). 

Symptoms.—All had a mass, which 
was painless in 90% of patients: It 
had been noted for less than a year in 
86% and less than three months in 
55%. There was a history of antece- 
dent injury in 20% of patients. 

Pathologic Findings.—Forty-seven 
of 54 patients whose histologic slides 
were available for review could be as- 
signed histologic grading (Table 2). 
Seven patients had insufficient mate- 
rial to be graded. Survival rates, 
when correlated with histologic grade 
reveal a five- and ten-year survival 
for low grade (1 and 2) of 82% and 
68%; and a five- and ten-year survival 
for high grade (3 and 4) of 68% and 
46%. 


Treatment 


Primary Cases.—Twenty-eight of the 35 
patients in this category had soft part re- 
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section and seven had an amputation. 
There was mo operative mortality. Sev- 
enty-seven per eent (27/35) were free of 
disease at five yeas; and 71% of 31 who 
were eligible for evaluation at ten years 
remained free of Gisease. Only three pa- 
tients died of fibrosarcoma. Five died of 
other causes (four cardiac and one carci- 
noma of lung), and without evidence of fi- 
brosareoma. One patient was lost to follow- 
up without disease at four years. 

The local recurrence rate was 25%. All 
hac been treated by soft part resection 
and all were salvaged by a subsequent op- 
eration. The basis tor local recurrence was 
a limited excision ef a 2 x 3 em tumor in 
two instances; erroneous histologic finding 
of fibroma in one and one patient had 
demonstrated musticentric origin; and 
three refused ampatation which was rec- 
ommended. The re*urrence was controlled 
in zwe patients by soft part resection, and 
they were free of disease mere than ten 
years. Five patien:s, including three who 
refused amputation initially, were sub- 
jected to amputation. Three were without 
disease at ten years; two died of coronary 
disease at 24 and 31 months, without evi- 
dence of reeurrence. 

Secondary Cases.—Thirty-eight of the 40 
pazients in this greup had local recurrence 
after local excisim or enucleation else- 
where. Two had been advised amputation 
at Memorial Hosp-tal. The procedure was 
done elsewhere, but the patients came here 
for follow-up without local recurrence. 
Twenty-nine of the 38 patients treated for 
recurrent sarcoma at Memorial Hospital 
underwent soft part resection, and nine 
had an amputation. There was no oper- 
ative mortality. Seventy percent (28/40) 
were surviving at five years; and 56% of 
the 34 who were eigible for evaluation at 
ten years had remained free of disease. Of 
14 patients in this group who died, 13 pa- 
tients died of ther fibrosarcoma, ten of 
these having pulmonary metastasis. One 
died of cardiac eause without recurrence at 
three years The loeal recurrence rate after 
treatment at Merrorial Hospital was 48%. 
All recurrent cases had been treated by 
soft part resectioa, and all subsequently 
underwentamputetion. Four were without 
disease at sen years; two died of myocar- 
dial infaretion wathout fibrosarcoma at 
four and two years; two were lost to fol- 
low-up without ~ecurrence 43 and 24 
months afer amputation. Six patients 
died of systemic metastases, but two of 
these were after fve years. 

Distant Metastasis.—Nineteen (25%) pa- 
tients developed distant metastases. Fifty- 
eight percent wee evident within two 
years, although ir two patients ten years 
elapsed after apparent definitive treat- 
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ment. Seventy-eight percent had pulmo- 
nary metastasis with or without associated 
metastasis elsewhere. Two patients had 
disseminated disease, one bone metastasis, 
and one intra-abdominal. Six patients lived 
five or more years after systemic metas- 
tases were evident. Only two patients were 
noted to have regional lymph node metas- 
tasis. Definitive therapy in this group was 
amputation in 68% (13/19). 

Local Recurrence After Memorial Hospital 
Therapy.—The overall recurrence rate was 
28% (21/75) (Table 3). All patients had soft 
part resection. Survival in this group was 
60% at five and ten years after treatment 
of their recurrence. Local control was 
achieved by amputation in 19 patients, and 
two had further soft part resection, both of 
whom were free of disease at ten years. 
Three died of systemic spread, three of 
cardiac cause without fibrosarcoma, and 
two were lost to follow-up free of disease— 
all before five years. 


Comment 


Soft part resection would appear to 
be the procedure of choice in most 
cases of fibrosarcoma at time of ini- 
tial presentation or first recurrence of 
any locally encompassable tumor. 
Amputation is indicated where there 
is an inability to obtain an ade- 
quate margin and generally with 
the appearance of a second local 
recurrence. The appearance and find- 
ings at operation will make it pos- 
sible to assess the adequacy of lat- 
eral and deep margin of resection. 
Adequacy of margin being defined as 
the presence of at least one unin- 
volved fascial barrier between tumor 
and adjacent normal remaining 
structures. Determinants of this in- 
clude (1) site and size of tumor, (2) 
neurovascular involvement, (3) bone 
or joint involvement, and (4) multi- 
centric origin. The high incidence of 
systemic metastasis in patients 
whose disease is not controlled after 
excision of first recurrence (75% [15/ 
20]) makes it necessary for ampu- 
tation to be performed with any sub- 
sequent recurrence. Half of the pa- 
tients, 49% (87/75) in this series, 
underwent amputation either as ini- 
tial or subsequent therapy. These pa- 
tients were already treatment fail- 
ures when first seen at Memorial 
Hospital or had unusual presentation. 
A large tumor, proximity to nerves, 
major blood vessels or joints, local in- 








Table 1.—Distribution of 
Fibrosarcoma of Extremities 












Groin Shoulder 5 
Thigh 17 Arm 11 
Knee 6 Axilla 1 
Popliteal 5 Cubital area 2 
Leg 11 Forearm 3 
Ankle 2 Wrist 4 
Foot 1 Hand 


Total 49(65%) Total 26 (35%) 


Table 2.—Grading vs Survival in 
Fibrosarcoma of Extremities 









Survival, % 
Perrine S E 
Grade 5yr 10 yr 
1-2 82 (24/29) 68 (17/25) 
3-4 68 (12/18) 46 (7/15) 
Total 76 (36/47) 60 (24/40) 





Table 3.—Survival in Recurrent 
Fibrosarcoma of Extremities 


Survival 


Subsequent veh sith aerial 
5 yr 10 yr 


Therapy 
Muscle group 
resection 2/2 2/2 
Amputation 11/19* 9/18 
Total 13/21 11/18 
(61%) (60%) 





* Three died of systemic spread, three 
died of cardiac cause with no evidence of 
disease; two lost to follow-up. 






Table 4.—Survival With 
Fibrosarcoma of Extremities 






Survival, % 


10 yr 














Therapy 
Muscle group 
resection 

Amputation 





5 yr 





75 (43/57) 67 (33/50) 
55 (10/18) 40 (6/15) 


70 (53/75) 60 (39/65) 













Table 5.—End Results 


Total patients 

No evidence of disease 
Died unrelated cause 
Lost to follow-up 

Alive with disease 
Died of disease 
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vasion, and histologic dedifferentia- 
tion favor amputation. Small tumors 
away from neurovascular structures 
or joint and low grade tumors favor 
soft part resection. Amputation is re- 
quired after a second recurrence be- 
cause of hazard of distant metasta- 
sis.2"3 

The overall survival rate (Table 4) 
at five and ten years was 70% and 
60%, respectively, mostly with no dis- 
ease evident (Table 5). In patients 
who had soft part resection there was 
a five- and ten-year survival of 75% 
and 67%. In contrast, in the group 
who had amputation, there was five- 


and ten-year survival of 55% and 40%. 


Obviously, these groups are not com- 
parable because of selection of pa- 
tients wherein amputations were 
done for less favorable, locally ad- 
vanced cases. 

The overall recurrence rate of 28% 


CHARLES ECKERT, MD, Albany, NY: I 
have been interested in soft tissue sar- 
comas for many years and would like to 
congratulate Dr. Castro on the clarity of 
his presentation as well as for the excel- 
lence of the results that he reports. I agree 
that tumors of appropriate size and degree 
of differentiation arising in favorable ana- 
tomical sites can be controlled equally well 
by a suitably planned and executed wide 
local removal as by amputation. 

If the histologic evidence of tumor plays 
a role in the planning of definitive treat- 
ment then preliminary biopsy is a neces- 
sity. The logic in this statement seems ir- 
refutable, nevertheless surgeons continue 
to carry out inadequate local excision or 


~ enucleation on the unsubstantiated as- 


sumption that this will be less likely to 
cause dissemination than will incisional 
biopsy, or on the presumption that a given 
tumor is a lipoma. For many patients this 
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after definitive surgical therapy in 
this series is in contrast with the re- 
ported incidence of 50% to 60%.*° 
Most of the recurrent cases, after 
MSKCC therapy, had unusual presen- 
tation. Even so, most could be con- 
trolled successfully by further surgi- 
cal attack. Representative sampling 
of histologic findings in recurrent 
cases in this series do not permit us to 
conclude that they are more malig- 
nant compared to the primary. The 
determining factor in the death of 
patients due to fibrosarcoma is sys- 
temic metastasis, 78% of which are 
pulmonary. 

Systematic approach to diagnosis 
and management at its initial presen- 
tation is the key to an excellent out- 
look. Soft part resection is usually at- 
tempted in all cases, and amputation 
is not required generally as initial 
therapy. Regional lymph nede dis- 


Discussion 


error will be critical and cannot be re- 
versed by a later radical operation. Over a 
long period of observation, it is apparent 
that surgeons are no more cognizant of the 
importance of preliminary biopsy than 
they were years ago. 

The judgment involved in the planning 
of a suitable operation for a poorly differ- 
entiated soft tissue sarcoma is much more 
demanding than is that requisite for surgi- 
cal treatment of almost any other malig- 
nant tumor. Because of this I would like to 
make a plea for judicious thought, rather 
than overly precipitate action, when faced 
with the problem of a soft tissue tumor of 
undetermined nature. 

Dr. FortNER. We thank Dr. Eckert for 
his kind comments and certainly agree 
with what he had to say. I would like to 
summarize briefly the main lessons that 
we have learned from our review. 

The initial presentation and first recur- 


section is not indicated. Local exci- 
sion or enucleation has no role as 
definitive procedure. A system of 
staging the disease should be de- 
signed to define the efficacy of each 
surgical approach. Therapeutic mo- 
dalities should be developed to control 
distant metastasis. 
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rence of fibrosarcoma are usually limb- 
threatening, and soft part resection is in- 
dicated where the size and location of the 
tumor permits. The second and further re- 
currences are life-threatening, and ampu- 
tation is usually required. Fifteen patients, 
or 20% of the entire series of 75 patients, 
developed pulmonary metastases. Their 
initial treatment at Memorial Hospital was 
amputation in nine, muscle group resection 
in six. This suggests that there is a margin 
of safety that permits individualization of 
treatment so that an attempt can be made 
to save a limb without undue risk of pul- 
monary metastases. 

The function of these extremities that 
have been subjected to an extensive muscle 
group resection is excellent, and we are 
very encouraged by survival rates at five 
years of 70%. 
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handling characteristics, is to start with the finest latex formulation obtainable... 
a formulation unmatched by any other manufacturer. 
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will not peel or crack when balloon is inflated, and does 

not attract lint. It facilitates insertion with less 

patient trauma and tends to reduce sediment 

and stone formation. 
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Routine Operative Cholangiography 


Analysis of 506 Consecutive Cholecystectomies 
Edward C. Saltzstein, MD; Subbarao V. Evani, MD; 


Transcystic duct operative cholangiog- 
raphy was performed in 423 of 506 consecu- 
tive cholecystectomies. Patients were classi- 
fied prospectively as having or not having a 
preoperative clinical indication for common 
duct exploration on the basis of jaundice, 
pancreatitis, or an elevated alkaline phospha- 
tase level. Cholangiography avoids consid- 
eration of classical intraoperative indications 
for common duct exploration. 

Thirty-nine of 79 patients, or 50%, with 
positive preoperative clinical indications for 
common duct exploration had normal chol- 
angiograms, and were spared exploration of 
the common duct by operative cholangiog- 
raphy. Of 427 patients without clinical indi- 
cations for duct exploration, unsuspected 
common duct stones were demonstrated in 
eight, or 1.8%. Routine operative cholangi- 
ography reduced the number of common 
duct explorations to 11.1% of cholecystec- 
tomies, and reduced negative common duct 
explorations to 3.2%. This experience sug- 
gests that the indication for operative 
cholangiography is ‘‘cholecystectomy.” 


ince operative cholangiography 
was introduced in 1932, it has 
been established to be the most accu- 
rate method of diagnosing pathologic 
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findings in the extrahepatic biliary 
system. Several reports have docu- 
mented the technique and the advan- 
tages.’ 

The present report documents our 
experience with 506 consecutive cho- 
lecystectomies performed between 
January 1963 and December 1971. Ex- 
cluded from a total series of 532 cases 
of acute and chronic cholecystitis 
were cholecystectomies performed in- 
cidental to other major intra-abdomi- 
nal procedures and cholecystostomies 
performed for acute cholecystitis. The 


age and sex distribution, and the inci- 


dence of obesity was as one would ex- 
pect from a study of cholecystitis. The 
majority of patients were between 40 
and 60 years of age (46% of the pa- 
tients). Twelve patients were under 
20, and one patient was 14 years of 
age. Seven patients were over 80, and 
one patient, 86 years old, satisfac- 
torily underwent cholecystectomy 
and common duct exploration for cho- 
ledocholithiasis. Twenty-five percent 
of the patients were male and 75% 
were female. Approximately 25% of 
the patients were obese. 

Since 1955, two of the authors 
(E.C.S. and R.W.M.) have used trans- 
cystic duct operative cholangiography 
routinely with exceptions to be men- 
tioned. Cholangiography has been 
performed with a ureteral catheter 
placed through the cystic duct into 
the common duct, using two separate 
injections of 3 ml and 8 ml of diatri- 
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zoate (50% Hypaque) sodium. The 
complications have been essentially 
nil, and when the appropriate coordi- 
nation between surgeon, anesthesiol- 
ogist, and x-ray department is made, 
it has prolonged surgery only five to 
ten minutes. 


Methods 


Patients were classified prospectively as 
having or not having a clinical indication 
for common duct exploration solely on the 
basis of the preoperative evidence of jaun- 
dice, pancreatitis, or an elevated alkaline 
phosphatase level (>125 milliunits/ml). 
Operative cholangiography avoids the ne- 
cessity of considering the classical intra- 
operative indications for common duct ex- 
ploration, including a large cystic duct, a 
large common duct, small stones in the gall- 
bladder, palpable stones in the common 
duct, and other miscellaneous indications. 


Results 


The data for 427 patients with no 
clinical indication for common duct 
exploration are presented in Table 1. 
Normal operative cholangiograms 
were obtained in 80.9% of these 
patients. Eight patients had an 
abnormal operative cholangiogram 
with positive common duct explora- 
tion, representing 1.8% unsuspected 
stones. Eight patients had abnormal 
cholangiograms with negative com- 
mun duct exploration, representing a 
1.8% incidence of false-positive roent- 
genographic results. 

The data for 79 patients with a pos- 
itive clinical indication for common 
duct exploration are presented in 
Table 2. Thirty-nine, or 49.4%, of 
these patients had normal operative 
cholangiograms, and common duct 
exploration was therefore avoided. In 
other words, approximately 50% of 
those patients who had a positive 
clinical indication for common duct 
exploration were spared common duct 
exploration by operative cholangiog- 
raphy. Fifteen patients had abnormal 
cholangiograms in which the common 
duct exploration was positive. There 
were eight patients who had abnor- 
mal cholangiograms in whom com- 
mon duct exploration was negative, 
indicating a 10.1% incidence of false- 
positive x-ray films. Approximately 
half of the patients in whom oper- 
ative cholangiography could not be 
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Table 1.—Patients With No 
Clinical Indication for Common 
Duct Exploration 


Cholangiogram normal 

Cholangiogram abnormal 
Exploration, stones 8 (1.8) 
Exploration, no stones 8 (1.8) 

Cholangiogram not done 66 (15.5) 


Total 427 100.0 


345 (80.9) 





Table 2.—Patients With a Positive 
Clinical Indication for Common 
Duct Exploration 


Cholangiogram normal 


Cholengiogram abnormal 
Exploration, stones 
Exploration, no stones 

Cholangiogram not done 
Exploration, stones 
Exploration, no stones 


Total 





performed had common duct stones. 

Data for those patients with jaun- 
dice or in whom the alkaline phospha- 
tase level was elevated indicated that 
11 of 20 patients, or 55%, in whom the 
alkaline phosphatase level was ele- 
vated had common duct stones and 
six of 24 patients, or 25%, with jaun- 
dice had common duct stones. These 
figures are statistically significant 
(P< .001). 

There were two instances of re- 
tained common duct stones, unrelated 
to operative cholangiography per se, 
which followed common duct explora- 
tion. 


Comment 


Despite increasing reports in the 
surgical literature enumerating the 
advantages of operative chelangiog- 
raphy, many surgeons still explore 
the common duct on the basis of clas- 
sical clinical indications. Suggestions 
that operative cholangiography be 
performed routinely seem to go un- 
heeded. 

Without reference to its value in 
detecting stones or avoiding unneces- 
sary insult to the common duct, we 
have performed operative cholangiog- 
raphy “routinely” (with exceptions to 
be mentioned) for several reasons. It 


is the most accurate method of deter- 


mining anatomic and pathologic vari- 
ations of the extrahepatic biliary sys- 


tem. It provides an excellent base line 
record that can be referred to should 
a patient return at any time follow- 
ing cholecystectomy with colicky 
right upper quadrant pain. Also, it is 
extremely reassuring to the surgeon 
whose patient has persistent biliary 
drainage to know that there is no ex- 
trahepatic biliary ductal obstruction, 
and that the bile leak will certainly 
stop. In addition, it shows the posi- 
tion, number, and size of stones, 
which aids in exploration of the com- 
mon duct. 

Operative cholangiography was 
performed on 423 of the 506 patients 
in our series. Among the reasons why 
cholangiography was not performed 
was the presence of a cystic duct too 
small to allow the catheter to pass. A 
cystic duct this small is probably too 
small for stones to pass, and those 
stones that can pass into the common 
duct are probably small enough to 
pass through the ampulla of Vater. 
If, in the performance of operative 
cholangiography, air bubbles are ob- 
tained during aspiration of the sy- 
ringe or false passages are created 
while attempting to pass the cathe- 
ter, cholangiography is discontinued. 
Operative cholangiography has not 
routinely been performed in the poor 
risk patient with no clinical indica- 
tion to explore the common duct. On 
occasion we have not performed chol- 
angiography if the patient has had 
a normal intravenous cholangiogram 
preoperatively. (We do not believe 
that intravenous cholangiography 
should be performed routinely preop- 
eratively because of allergies to the 
intravenous dye and because of the 
generally poor diagnostic quality of 
such films.) We do not perform oper- 
ative cholangiography if the patient 
has a history of an allergy to the dye, 
and have not routinely performed 
cholangiography when cholecystec- 
tomy has been incidental to other pro- 
cedures. 

The demonstration of unsuspected 
stones has always been an indication 
for operative cholangiography, and 
reported series indicate an incidence 
of 2% to 6%.*°' We have demon- 
strated a 1.8% incidence of unsus- 
pected stones (Table 1). Interestingly, 
basing the clinical indication for com- 
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mon duct exploration on the preoper- 
ative evidence of jaundice, pan- 
creatitis, @ an elevated alkaline 
phosphatase level kas resulted in ab- 
normal cholarciogmams in only 3.7% 
of those patietts ir whom there was 
no clinical ind catien to explore the 
common duct table 1). One might ar- 
gue that, with suck a high degree of 
confidence in seleccion, in those pa- 
tients witk nc clinical indication to 
explore the cammon duct there is no 
indication for eperative cholangiog- 
raphy. We strongiy feel, however, 
that one must afr to the patient 
with common duet stones the possi- 
bility of findimg those stones at sur- 
gery. The easiest and most efficient 
way is operative cholangiography. | 
The outstanding indication for op- 
erative cholamgiegraphy would ap- 
pear to be in those patients in whom 
there is a clinical indication for com- 
mon duct expbreten. In this series, 
39 of 79, or 42.4% of patients with a 
positive clinicel ineication to explore 
the commen cuct were spared duct 
exploration by a normal cholangio- 
gram (Table 3. Cammon duct explo- 
ration is tmezonsaming and is asso- 
ciated with aa mnereased morbidity 
and mortality Cbyiously, if cholan- 
giography is not performed, there 
will be no demonstration of unsus- 
pected stones, and common duct ex- 
ploration, nd«atec on a elinical basis, 
cannot be aveided. The nine patients 
with negative dut explorations in 
which chokang egraphy was not done 
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might well have been spared common 
duct exploration if operative cho- 
langiography could have been accom- 
plished (Table 2). 

False-positive roentgenographic 
findings, resulting in negative com- 
mon duct explorations, accounted for 
1.8% of the series in which there was 
no clinical indication for common duct 
exploration (Table 1), and 10.1% of 
the series in which there was a posi- 
tive indication to explore the common 
duct (Table 2), or 3.2% of the total 
series. This compares very favorably 
with reported series. There is a high 
incidence of negative common duct 
explorations when these explorations 
are based on clinical indications 
alone. Colcock and Perey? presented a 
series of 1,754 cases of cholecystec- 
tomy without operative cholangiog- 
raphy in which the common duct was 
explored on the basis of preoperative 
and intraoperative clinical indica- 
tions alone. They explored 339 normal 
ducts, a 19.3% negative common duct 
exploration rate. In a recently re- 
ported series, Kakos et al® state that 
as the rate of operative cholangi- 
ography increased, there was a de- 
crease in the number of patients 
undergoing choledochotomy and a 
striking increase in the number of 
positive common duct explorations. 
Edmunds et al reduced the rate of 
negative common duct exploration 
from as high as 48% to 24% with rou- 
tine operative cholangiography as 
compared to cholangiography per- 
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formed on a selective basis. 

We explored the common duct in 
56, or 11.1%, of the cases and found 
stones in 31, or 6.1% of the cases (Ta- 
bles 1 and 2). In contrast, Coleock and 
Perey,* exploring the common duct on 
clinical indications alone, explored 
28.6% of their cases, or 503 ducts, to 
find stones in 139, or 7.9%. Adams and 
Haisten’ have reported a 50% reduc- 
tion in the number of common duct 
explorations by routine use of oper- 
ative cholangiography. 

Smith et al" have shown a correla- 
tion between the level of alkaline 
phosphatase and the incidence of 
common duct stones. Unquestionably, 
the fact that 55% (11/20) of patients 
with an elevated alkaline phospha- 
tase level had common duct stones 
is justification for our use of in- 
creased alkaline phosphatase as an in- 
dication for common duct exploration. 

In conclusion, operative cholangi- 
ography is known to be technically 
simple and relatively complication 
free. In the series herein reported, op- 
erative cholangiography has been 
shown to demonstrate unsuspected 
stones, to reduce unnecessary and 
negative common duct explorations, 
and to reduce the total number of 
common duct explorations. The indi- 
cation for common duct exploration, 
therefore, would appear to be cho- 
lecystectomy, and an additional plea 
is made for its routine use. 
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Relationship of Fibrinolytic System 


to Postoperative Thrombotic Phenomena 


Richard D. Sautter, MD; William O. Myers, MD; Jefferson F. Ray III, MD; Frederick J. Wenzel, Marshfield, Wis 


Preoperative and postoperative deter- 


 minations of whole blood euglobulin clot 


lysis time (WBECLT) and fibrinogen level 
were performed in 121 patients undergoing 
major surgery. The purpose was to delineate 
the usual response of the fibrinolytic sys- 
tem to surgery and to determine whether 
changes could be predictive of postoperative 
thrombotic complications. The usual re- 
sponse is decreased fibrinolysis (increased 
WBECLT), maximal on first postoperative 
day with a concomitant marked increase in 
fibrinogen level, with values slowly returning 
to normal. A thrombotic complication oc- 
curred in seven patients. Six of seven were 
associated with abnormal postoperative fi- 
brinolytic study results. A WBECLT over 131 
minutes or a fibrinogen level over 400 
mg/100 mi is abnormal on postoperative 
day 5. These tests may help clinicians 
choose patients for heparin sodium therapy. 


Rere initiating this study, we 
formulated the following hy- 
pothesis. If serial changes occur in the 
fibrinolytic mechanism during and 
following major surgery, then these 
changes should return to normal early 
in the postoperative period. When the 
fibrinolytic mechanism remains de- 
pressed or unbalanced, optimal condi- 
tions are present for thrombotic com- 
plications. 

It is known that the patient under- 
going major surgery is at high risk 
for thrombotic complications.'-® Our 
protocol included four measurements 
of the fibrinolytic system to deter- 
mine (1) the sequential changes re- 
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sulting from major surgery; and (2) 
whether these changes could be pre- 
dictive of thrombotic compEcations. 
These studies included the whole 
blood euglobulin clot lyss time 
(WBECLT), Fearnley’s dilute fibrin- 
olytic assay, and fibrinogen and plas- 
minogen determinations. 

It has been reported by Chaxrabarti 
et al’ and others“: that there is an 
increase in fibrinolysis during sur- 
gery, but this activity decreases in 
the postoperative period. It is his and 
our theory that thrombi do farm dur- 
ing this period of reduced fibrinolytic 
activity. Mansfield also confirmed the 
presence of a period of reduced fi- 
brinolytic activity in the postopera- 
tive period.'® Those patients who de- 
veloped venous thrombosis had a sig- 
nificant reduction in fibrino ysis on 
the first postoperative day. 

There is a resurgence of interest in 
the use of prophylactic low-dose hepa- 
rin sodium therapy in those operative 
patients who are at high risk for 
venous thrombosis, and some investi- 
gators advocate that all patents in 
the high risk group must rece ve such 
therapy.'’** We must also recognize 
that all too often thrombotic compli- 
cations occur in patients whe cannot 
be identified on the basis of high risk 
factors. 

Rather than to cast a wide net that 
may include those patients who do 
not need prophylaxis, and exclude 
some who will suffer thrombotic com- 
plications in the postoperative period, 
it would seem desirable to develop a 
technique to select those who specifi- 
cally require prophylaxis. This was 
hoped to be possible by the measure- 
ment of several factors of the fi- 
brinolytic system in the preoperative 
patient.” 

It would also seem desirable to 


identify patients undergoing a throm- 
botic process in the postoperative pe- 
riod by simple laboratory determina- 
tions, in order that the clinician can 
with confidence utilize heparin at a 
therapeutic level. 


Patient Selection and Methods 


Patients undergoing major surgery were 
randomly selected for this study. Table 1 
shows sex and age distribution of the 121 
patients. Table 2 is a breakdown by per- 
centage of the surgical procedures per- 
formed. All patients in this study had a 
general anesthetic. The miscellaneous 
category includes aorto-femoral graft, cer- 
vical laminectomy, resection of large arte- 
riovenous fistula, radical mastectomy, ure- 
teral lithotomy, lumbar sympathectomy, 
and lumbar laminectomy. Patients under- 
going orthopedic procedures were not in- 
cluded. 

Patients were studied preoperatively, 
immediately postoperatively, and then 
daily. Late in the series, studies were done 
preoperatively and on the fourth to 14th 
days, with median day 5. 

The whole blood euglobulin clot lysis 
time was determined according to the 
method of Johnson et al.** Normal for 
adults, established at our laboratory, was 
49 to 131 minutes. 

Fibrinogen was assayed according to the 
procedure of Ware et al” and the range in 
normal adults was from 193 to 343 mg/100 
ml of plasma. 

Fearnley’s dilute fibrinolytic assay and 
the assay of plasminogen were utilized in 
the first half of this study.” The plasmino- 
gen assay was performed according to the 
method of Fritz Streuli, MD (written com- 
munication, June 15, 1970). As these tests 
demonstrated a wide scatter, and as it was 
unlikely that statistical difference would be 
established, these determinations were 
abandoned for the remainder of the study. 


Results 


Figure 1 shows the overall change 
in the WBECLT and fibrinogen level 
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Table 1.—Sex and Age Distribution | 
in 124 Patients Studied* 










No. of 
Ae, yr Patients % 
20-30 11 9.1 
31-40 14 11.6 
4 50 22 18.2 
5-60 20 16.5 


* Ffty-ninewmaies and 62 females. 


from the preoperative period to the 
ninth postoperative day. These re- 
sults are expressed in percent devia- 
tion trem the mean of all values of all 
patien=s. 

The WBECLT shows a sharp in- 
creas in the lysis time (that is, de- 
creased fibminolysis), which is max- 
imal om the first postoperative day. A 
gradual return to normal by day 5 
persists threughout the postoperative 
peria. 

The fibrinogen level increases 
markedly above normal for the first 
six pestoperative days, with a gradual 
retum to nermal. 

For che purpeses of statistical anal- 
















Biliary surgery 
Gastric surgery to 
include vagotomy 





















and pyloroplasty 17 13.9 
Colon resections 14 11.5 
Transurethral prostatic 

resection 13 10.7 
Thoracotomy for 

resection or biopsy 12 9.8 
Hysterectomy 10 8.2 
Hernia repairs 4 2/3 
Splenectomy 3 2.4 
Miscellaneous 13 11.5 

121 100 








ysis, the patients were divided into 
four groups according to the whole 
blood euglobulin clot lysin time or fi- 
brinogen levels in both the preopera- 
tive and postoperative periods. Each 
patient was classified as A, preopera- 
tive nermal value-postoperative nor- 
mal value; B, preoperative normal 
value-postoperative abnormal value; 
C, preoperative abnormal value-post- 
operative normal value; and D, preop- 
erative abnormal value-postoperative 
abnormal value. 

The patients in the study were then 
divided into two groups, those who 


Fig 1—Comparisom of WBECLT and fibrinogen values from preoperative to ninth postop- 


erativ day. 


% Deviation From Mean of All Values 


tst 2nd 3rd 4th 





Fibrinogen 


WBECLT-Whole Blood Euglobulin 
Clot Lysis Time 


Sth 6th 7th 8th 


Postoperative Days 
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did not suffer clinically evident 
thrombotic complications in the post- 
operative period, and those who did. 
Seven of 121 patients had thrombotic 
complications. Results of comparison 
studies appear in Table 3, and graph- 
ically in Fig 2. 

The preoperative evaluation of 
WBECLT in those patients who did 
not have a clinically evident throm- 
botic process showed a mean of 90 
minutes, with a range of 30 to 132 
minutes. Those patients with clini- 
cally evident thrombotic process stud- 
ied preoperatively showed sufficient 
scatter that statistical significance 
was not established. However, the t 
test of this group does demonstrate 
results very close to significance. 

The preoperative assay of fibrino- 
gen levels in the thrombotic and 
nonthrombotie groups demonstrated 
a P value of less than .01. In the post- 
operative period, on median day 5, the 
P value is less than .005. Therefore, fi- 
brinogen assay shows a statistical 
difference in both the preoperative 
and postoperative determinations be- 
tween the thrombotic and nonthrom- 
botic normal subgroups. 

Risk factors, previously identified 
by others, ie, age more than 60 years, 
previous thrombotic complication 
(myocardial infarction, venous throm- 
bosis, varicose veins), presence of car- 
cinoma, obesity, immobilization after 
day 2, were applied to this group.’ In 
the nonthrombotic group (114 pa- 
tients) there were less than two risk 
factors in 66 patients and two or more 
risk factors in 48, broken down as fol- 
lows: two risk factors, 34, three risk 
factors, 13, and four risk factors, 1. In 
the thrombotic group (seven patients) 
there were less than two risk factors 
in one patient, two risk factors in 
four, and three risk factors in two. 
There were 24 cancer patients. There 
were 16 patients who had three or 
more risk factors. Of the seven pa- 
tients in the thrombotic group, only 1 
had three risk factors, 2 had two risk 
factors. Table 4 is a clinical profile of 
the thrombotic group. There was no 
statistical correlation between risk 
factor analysis and the WBECLT and 
fibrinogen tests, or thrombotic com- 
plications. Risk factors were thus 
found nonpredictive of thrombotic 
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Table 3.—Comparison Studies in the Four Categories of Patients 


Preoperative WBECLT 


No. patients 
Mean 
Range 


SD 25.1171 


Thrombotic 


6 
107.1666 
33-222 
69.1069 


Postoperative WBECLT 


Normals 
No. patients 
Mean 
Range 
SD 


No. patients 
Mean 

Range 

SD 


263.7370 
179-368 
61.9700 


Thrombotic P Value 


i 
172.1428 | P< 005 


100-250 
62.3068 


Thrombotic P Value 


6 
420.6666 | P< 005 


191-827 
220.0896 


Postoperative Fibrinogen 


No. patients 
Mean 

Range 

SD 


336.3846 
267-397 
52.5327 


complications. 

In the 121 patients, five deaths oc- 
curred, four of which occurred in the 
thrombotic group. The remaining 
death was due to respiratory insuffi- 
ciency three months postoperatively 
in an emphysematous patient who 
underwent a left upper lobectomy. 


Comment 


A WBECLT of more than 131 min- 
utes and a fibrinogen assay result of 
more than 400 mg/100 ml have been 
established as abnormal in our labo- 
ratory. 

The postoperative patient who has 
undergone major surgery, who has a 
WBECLT of more than 131 minutes 
or a fibrinogen level of more than 400 
mg/100 ml or both, is extremely likely 
to have a thrombotic process present. 

In respect to preoperative pre- 
dictability of postoperative throm- 
bosis by these tests, six of seven 
thrombotic group patients were iden- 
tified by an abnormality in either 
WBECLT or fibrinogen level. How- 
ever, 61 patients of the 121 studied 
(exclusive of the thrombotic group, 19 
with abnormal WBECLT and 34 with 
an abnormal fibrinogen level) demon- 
strated an abnormality in one of the 
two tests. Therefore, the predictive 
benefits of these tests were nullified 
by their lack of specificity in the pre- 
operative period. This finding was in 
sharp contrast to their accuracy in the 
postoperative period in chemically 


294 = Arch Surg/Vol 107, Aug 1973 





Thrombotic 
7 


562.1428 
263-943 
209.0123 


predicting an ongoing thrombotic 
process. 

It had been hoped that we could de- 
velop a biochemical measure, which 
would accurately identify preopera- 
tive patients at high risk of develop- 
ing postoperative thrombotic compli- 
cations so as to be able to specifically 
select the group of patients for 
prophylactic anticoagulation. We 
could not accomplish this with the 
WBECLT and fibrinogen tesis under 


the conditions of this study. It is im- 
portant to point out, however, that 
these patients were not examined by 
the recent and more sensitive ex- 
aminations for venous thrombosis, 
namely, use of the fibrinogen labeled 
with radioactive iodine (I), Dop- 
pler ultrasound, and impedance 
plethysmography.*'-** It is certain 
that there were more occult thrombot- 
ic processes in this total series of pa- 
tients than were identified clini- 
cally. Those patients with 
demonstrated abnormalities of the 
fibrinolytic system are believed more 
likely to have had these occult 
thrombotic processes.’ 

Additional support for the diagnos- 
tic importance of these two deter- 
minations, and their relationship to 
thrombotic processes, was obtained 
from our study of 40 patients who had 
pulmonary emboli proved by arteriog- 
raphy. These patients were those in 
the pilot study and phases I and II 
of the urokinase-pulmonary embolism 
trial.” The majority of these patients 
had massive emboli, defined as more 
than 50% obstruction of the pulmo- 
nary circulation. None had less than 
three segmental arteries occluded. 
The WBECLT in this series of pa- 
tients ranged from 80 to 558 minutes, 


Fig 2.—Comparison of mean WEECLT and fibrinogen values in preoperative and postop- 
erative period with 1 SD. Overlap occurs in preoperative period only. 


Mean-Thrombotic Group 
--------------- Mean-Nonthrombozic Group 


WBECLT 


Minutes 





Preoperative Postoperative 








Fibrinogen 


mg/1,000 ml 
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Table 4. Profile of Thrombotic Group (Seven Paeres) in 121 Studied 


p 


Positive 


Risk 
Operation 


Esephegoeastrectomy CA 


Spifne==omr 


Reseciien oF 
ret o peritoneal 
sarcora,. 
tai cf 3ancreas, 
and speen 

Entercenternostomy CA 
‘or umresectable 
coor CA 

Vagozomy. syloroplasty, 
cheec™st=ctomy 


Lumbar sympathectomy Age 


66 Abdcrmene! aneu- Age 
M rys™o thaphy 


* No prior threaibotic complications. 
Homeostas = 
Coctnuausly being laid 


Jaxa m >lood vessels to 
resas erdothelial defects 





Gontinuously active, 


breaking down any 
excess fibrin, protecting 
against intravascular 
coagulation 


Factors* 


CA; age 


CA: age; 
obesity 


WBECLT 
(Normals 
49-131 min) 


Thrombotic Pre- Post- 
Complications 


Pulmonary embolus 55 170 
(day 6) 


CA; obesity Pulmonary embolus 120 


Pulmonary embolus 83 195 
(day 7) 


Left iliofemoral 33 250 
venous thrombosis (day 6) 


Pulmonary embolus 100 100 
(day 5) 


Deep vein thrombosis 150 250 
(right calf) (day 6) 


Pulmonary embolus 222 160 
(day 6) 


Homeostasis Deranged: 


Excess amounts 


seemingly laid down 
at an accelerated rate 


Tai pr ET7 





Oss Fibrinolysis 
Cane” 


Fibrinolysis Depressed; unable 


to break down 
excess fibrin, thereby 
promoting 

thrombus formation 


Fig 3.—Poste eted schema showing interrelationships of fibrin deposition and fi- 


brinolysis. Quam-i ative change (arrows). 


with a mean cf 134. The fibrinogen 
level in this group of patients ranged 
from 257 to 30 mg/100 ml, with a 
mean of 525. 

It was of irter2s= that of the 24 pa- 
tients with cartinema, 17 had abnor- 
mal preopera: ve fibrinogen levels, 
but only three had abnormal 
WBECLT. 

Although we sve examined only 
that part et tæ ieverg abeve the wa- 
ter line, it appears that a deficient 
fibrinolytic sys*em may play a role in 
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the genesis of thrombotic phenomena. 
Chakrabarti et al found that 32% of 
patients with coronary artery disease 
had a decrease in fibrinolytic activ- 
ity.’ It is known that patients suffer- 
ing myocardial infarction are prone 
to venous thrombi.‘’*? Tarhan et al 
showed that the majority of postoper- 
ative patients who suffer myocardial 
infarction will do so on the third post- 
operative day. There may be a causal 
relationship between the depressed 
fibrinolytic system and this occur- 


operative aperative operative operative 


Fibrinogen 
(Normals 


193-343 mg/100 mi 


Outcome 
and Comment 
400 943 Died 12th day 
(day 6) postoperatively 
559 fas Died 19th day 
postoperatively; 
chronic myelogenous 
leukemia 
294 430 Left hospital well 
(day 7) 


Pre- Post- 


Died one month 
postoperatively 


191 263 
(day 6) 


467 515 
(day 5) 


Left hospital well; 
prophylactically 
anticoagulated on 
postoperative day 4 

Left hospital well; 
gangrene of R 3rd 
and 4th toes; post- 
operative urinary 
tract infection 

Died 15th day 
postoperatively 


827 650 
(day 6) 


345 575 
(day 14) 





rence. This author also suggests there 
is an increased coagulability of blood 
in the second to seventh postopera- 
tive days. It may be that the more im- 
portant process is the endothelial de- 
posits of fibrin, which form the basis 
of a clot, and are less likely to lyse. 
This concept is especially appealing if 
one recalls that fibrin is being contin- 
ually put down and lysed on the endo- 
thelial surface as a homeostatic mech- 
anism and that disturbances in the 
fibrinolytic system thereby affect this 
homeostasis (Fig 3). Chakrabarti and 
Fearnley are currently investigating 
whether drugs, other than lytic 
agents, given to stimulate the fi- 
brinolytic system will improve the 
survival rate in patients recovering 
from myocardial infarction.** 

A further investigation of the fi- 
brinolytie system in the preoperative 
patient is necessary. It may still be 
within the realm of possibility to 
identify chemically, in the preopera- 
tive period, those patients who would 
sustain postoperative thrombotic 
complications if prophylactic heparin 
therapy were not employed. 


This investigation was supported in part by a 
grant from the Wisconsin Heart Association. 

Carolyn Sonnentag assisted with the clotting 
studies, and Timothy Auer assisted with analysis 
of data. 
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Discussion 


Maxis Tsapocas, MD, MChir, Albany, 


NY: I enjoyed very much this most inter- 
esting paper by Dr. Ray and his colleagues. 
In Albany, we studied 135 postoperative 
patients with fibrinogen labeled with ra- 
dioactive iodine (I) and phlebography, 
and we found a 19% incidence of deep vein 
thrombosis. We, too, observed increased fi- 
brinogen and reduced fibrinolytic factors 
in these patients. In those who developed 
venous thrombosis, the fibrinolytic activity 
was earlier and more significantly de- 
pressed than in the rest of the group. Sim- 
ilar findings were recently reported by 
Mansfield (Br J Surg 59:754-757, 1972). In 
our study and that of others, venous 
thrombosis was detected mainly during the 
first days after the operation and not at 
the later postoperative period. The pa- 
tients were mostly in the older age group 
and only about half of them had early clini- 
cal signs of thrombosis. We also assessed 
patients with venous thrombosis who had 
not undergone surgery. Changes were also 
observed in their fibrinolytic and clotting 
factors. 

I would like to ask the authors if they 
have measured the fibrinolytic and clotting 
factors in patients with thromboembolism 
not subjected to surgery, and if so, how do 
their data compare to those obtained from 
postoperative patients. 

DouGcLtas HoLYokE, MD, Buffalo, NY: I 
would like to make one brief comment. 

Dr. Mittelman has completed a 2,000-pa- 
tient review, retrospectively, of patients 
with carcinoma, and for some years we 
have been measuring fibrinogen levels and 
have found a significant level of elevation, 
going up to 600 and 800 mg/100 ml in pa- 
tients with carcinoma of the lung im par- 
ticular, and a moderate level for patients 
with colon cancer. In a retrospective study, 
the patients who developed clinical evi- 
dence of thromboembolic phenomena were 
in the group of patients with elevated fi- 
brinogen levels, and a prospective study is 
now going on. 

Dr. SAUTTER: Regarding Dr. Tsapagas’s 
question, we have studied 40 patients with 
pulmonary emboli at the time their diag- 
nosis was made by pulmonary arteriogra- 
phy. These were the patients who were en- 
tered in the pulmonary embolism trials 
(UPET and USPET). The mean fibrinogen 
level in this group of patients was 525 
mg/100 ml, and varied from 257 to 980 
mg/100 ml. The WBECLT averaged 184 
with a range of 80 to 558 minutes. These 
patients with established pulmonary em- 
boli do have abnormal lytic systems. 

In answer to Dr. Holyoke’s comment, 17 
of our 24 cancer patients did have elevated 
fibrinogen levels. There seemed to be no 
relationship between the elevated fibrino- 
gen and the WBECLT. 
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Abdominal Aortic Aneurysms 


Factors Influencing Operative Mortality and Criteria of Operability 
James Stokes, MD, Harvey R. Butcher, Jr., MD, St. Louis 


One hundred abdominal aortic aneurysm 
resections were per-ormed without regard to 
aneurysmal size. There were three deaths af- 
ter 87 elective wesections and two deaths af- 
ter 13 ruptured aneurysms. Mortality has de- 
creased (3.4%-eec"ive, 15% ruptured) even 
though average age and asseciated vascular 
disease has remained the same or increased. 
Simplified techriqves including intramural 
removal of the aneurysm, increased use of 
straight tube grafts, and special respiratory 
and renal supportimg teams appear to have 
been the major factor in improved survival 
rates. No deaths-were caused by renal failure 
and only one by hemorrhage related to oper- 
ation. Death rates in ruptured abdominal 
aortic aneurysr® ar2 limited by the existing 
myocardial and remal damage at or before 
the time surgical therapy is instituted. The 
data suggest thet dective surgical resection 
of all aneurysms wthout regard to size will 
increase life expectancy in the five-year post- 
operative pesied but that late survival is de- 
pendent upom coexisting cardio-cerebro- 
vascular diseas= 


bdominal aartic aneurysm is a 
disease entity that is associated 

with a knewn nortality, predictable 
with appreximately the same accu- 
racy as certam malignant neo- 
plasms.'-* There is little disagreement 
concerning the neeessity for resection 
of abdomina ameurysms in sympto- 
matic patients; however, differences 
in the criteria for elective resection of 
aortic aneurysrrs remain. The mor- 
bidity and deatl rates in the elective 
group are changing as patient selec- 
tion changes. This report summarizes 
the recent ecliticel experience with the 
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operative treatment of abdominal 
aortic aneurysms by the authors in 
100 consecutive patients treated at 
the Barnes Hospital and St. Luke’s 
Hospital, St. Louis. 

Much of the basic data related to 
age, associated diseases, and the 
classification of the extent of vascular 
disease have been established.*-® Sev- 
eral aspects, however, have changed 
with increasing experience. For ex- 
ample, the criteria for operation have 
been extended and the operative 
techniques simplified in the manage- 
ment of these patients. The expe- 
riences of a stable operative team 
provide data that are likely more uni- 
form in terms of patient selection, op- 
erative techniques, and postoperative 
care than is the case in groups of pa- 
tients treated by a large number of 
surgeons utilizing various techniques 
and different criteria for operation. 
Contemporary reports’’ are also of 
some use in evaluating the effects of 
these changes upon the effectiveness 
of treatment insofar as a reduction in 
the morbidity and mortality is con- 
cerned. For example, renal failure has 
almost completely been eliminated 
after elective aneurysmal resection in 
these institutions in the past ten 
years, and postoperative bleeding is 
an unusual complication. The data 
also allow a rough comparison with 
evaluations in other institutions. The 
data also allow a rough comparison 
with evaluations in other institutions. 
The combined institutional experi- 
ence may provide increased validity 
in preoperative assessments of risk 
and morbidity." 


Results 


The Tables 1-8 provide data about 
patient charateristics and other fac- 
tors associated with 100 consecutive 


abdominal aortic aneurysms. Table 1 
shows the age distribution and sex; 36 
patients were 70 years of age or older. 
Two of this group died postopera- 
tively. Table 2 shows operative mor- 
tality and causes of the three post- 
operative deaths. There were four 
nonfatal postoperative complications 
related to the procedure; one patient 
bled, and three developed femoral ar- 
terial thromboses. Other complica- 
tions were those associated with any 
abdominal operation and were unre- 
lated to the abdominal aneurysms. 
Table 3 summarizes the associated 
disease among patients with aortic 
aneurysms. Thirteen patients had di- 
abetes mellitus. Sixteen had angina 
pectoris, and 31 others significant 
heart disease among the 100 patients. 
Twenty-two had blood urea nitrogen 
concentrations of greater than 200 
mg/100 ml. Arterial occlusive disease 
distal to the aneurysm was frequent 
in one or both extremities, indicated 
by the absence of major peripheral 
pulses. However, the histories did not 
always contain evidence of functional 
ischemic impairment. 


Table 1.—Age and Sex Distribution 
of Patients With Abdominal 
Aneurysms 


Age Distribution, yr 


49 or less 
50 - 54 
55 - 59 
60 - 64 
65 - 69 
70 - 74 
75-79 
80 - 84 
85+ 
Total 


Sex Distribution 





* Two were blacks. 
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No. of patients 
No. with aneurysmal rupture 
Patients surviving ruptured aneurysm 
No. of elective aneurysmectomies 
Postoperative deaths 


Among patients with ruptured aneurysm 
Intraoperative arrest (hemorrhage) 
Myocardial infarct 

Among patients with intact aneurysm 
Hemorrhage 
Myocardial infarct 
Cerebrovascular accident 


Pulmonary (atelectasis, pneumonia) 
Renal failure 
Urinary infection 

(one had a myocardial infarction) 


Postoperative psychosis 
Femoral arterial thrombosis 
Thrombophlebitis 
Postoperative hemorrhage 
Penicillin G reaction 

Wound dehiscence 


Table 2.—Experience With Abdominal Aneurysm | 


Operative Mortality 


Causes of Postoperative Deaths 


Nonfatal Postoperative Complications Among 27 Patients 


Cerebrovascular insufficiency and myocardial infarction 


100 
13 
11 
87 
3 
2 
1 
1 
3 
1 
1 
1 
13 
2 
2 
1 
2 
3 
1 
1 
1 
1 


Table 3.—Associated Disease Among Patients Operated Upon 
for Abdominal Aortic Aneurysm 


Associated Disease 


Diabetes mellitus 
None 
Mild (dietary) 
Moderate (oral medications) 
Severe (insulin required) 
Heart disease 


None 
Previous infarction 


Coronary artery disease without infarction 


Rheumatic heart disease 


Angina pectoris 
None 
Present 


Heart failure 
None 
Present 
Absent but requiring digitalis 


Cerebrovascular disease 
None 
Previous cerebrovascular accident 
Without cerebrovascular accident 


Chronic renal disease 
Absent 
BUN >200 mg/100 ml 





No. of Patients 


* Fifty-two patients had hypertension greater than 150/90 mm Hg. 


Diagnosis of aneurysm was pre- 
dominantly by physical examination, 
although abdominal roentgenograms 
and aortography were used to sub- 
stantiate the diagnosis and to define 
the degree of occlusive disease in 
many instances. Roentgenographic 
calcification was present in 40 of 75 
patients examined. Aortograms were 
obtained in only 27 patients. The 
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known durations of the aneurysms 
recorded was usually less than three 
months (Table 4). Abdominal and 
back pains were the dominant subjec- 
tive complaints and frequently co- 
existed. Duodenal obstructive symp- 
toms occurred in six; in twe other 
patients duodenal inflammation ex- 
isted adjacent to an anterior, thin- 
walled, knob-like projection of the an- 


Table 4.—Months Aneurysm 
Known to be Present 


1 mo or less 
>1-3 mo 
>3-6 mo 
>6-12 mo 
>1-3 yr 

>3 yr 

Not recorded 





Table 5.—Intraoperative Factors 











Duration of 


Anesthesia, No. of 
Nearest hr Patients 

1 3 

2 56 

3 25 

4 11 

5 

6 








Liters of 
Blood Given 







Liters of 
Electrolyte 
Solution Given 
Intravenously 

1 





2 
3 
4 
5 


No. of 
Patients 


Operative Hypotension* 
None 
Present 


Type of Graft Used 
Bifurcation 
Tubular 
None 


Size of Aneurysm 
(transverse diameter, cm) 
5-8 
8-10 
>10 
Not recorded 





* Decline in systolic blood pressure 30 
mm Hg or more for 15 minutes. 
t Died before graft inserted. 


eurysm. 

Factors concerned with the oper- 
ation and postoperative morbidity 
and mortality are summarized in Ta- 
bles 5 and 6. The duration of anesthe- 
sia, blood transfusions and volume of 
electrolyte solutions administered 
during operation, the duration of 


Abdominal Aortic Aneurysms/Stokes & Butcher 


hypotenswn. size of aneurysm, and 
the type of graft used are shown. 

Thirteen »° the 100 patients had 
ruptured anearysm; 11 survived over 
30 days postoperatively. Of 87 pa- 
tients ha~ing elecive aneurysmal re- 
section, three ded (Table 2). Two of 
five deatas were related to hemor- 
rhage assoGated with aneurysmal 
rupture, he remaining three to non- 
operative causes Table 2). 

Hypotension, aneurysmal size, an- 
esthetic duration and fluid therapy 
could no~ be svecifically related to 
death raves. Nenfatal postoperative 
complicatons incuded pneumonitis, 
thrombornlecitis, myocardial infarc- 
tion, and cerebrovascular thrombosis. 
There were ro recorded graft infec- 
tions nor julmonary embolisms. Post- 
ischemic «derma o- the anterior tibial 
comparten: oecirred in two pa- 
tients, aml œe patient had popliteal 
artery thson-bosis three months post- 
operative-y, which required amputa- 
tion. Twelve pet=nts had a second 
nonarterial e»era_ive procedure dur- 
ing aneurysmectomy; one of these pa- 
tients diel. 

Cumuletiv= survival rates after op- 
erations ‘or abdaminal aortic aneu- 
rysms ae owr in Table 7. The 
causes of 20 «te deaths were myocar- 
dial in nize, rebral in five, and can- 
cer in 2; ochers were traumatic or un- 
known. 


Patient Management 


Patients wth acutely expanding 
or ruptured <neurysms were trans- 
ported to the operating reom within 
one hour efter hcspitalization or diag- 
nosis. Fiaal diagnostic procedures 
(electroca-diegram, eross-match, in- 
sertion cf mtzavenous catheters) 
were perormec in the operating 
room areg as anesthesia was begun. 
Manipulations |k=ly to cause Val- 
salva response ‘bladder catheter- 
izations, misegastmic intubations, etc) 
were omitted um il anesthesia had 
been induzed. 

Aortograpk> wes used in 20 pa- 
tients to 1) evaluate distal arterial 
occlusive disease; (2) differentiate 
aortic tortiosi:y from true aneurysm; 
and (8) to sxarmirethe relation of vis- 
ceral aortic brandhes to the aneu- 
rysm. Aor-ograpay may not visualize 
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Table 7.—Survival Rates After Operations for Abdominal Aortic Aneurysms 


No. of No. Effective 
Mo Patients No. No. Withdrawn No. Exposed 
at Risk at Risk Dead Alive in Interval to Risk 


0-1 98.5 
1-2 89.0 
3-5 80.5 
3-11 67.0 
12-23 47.0 
24-35 29.0 
36-47 19.0 0.67 
48-59 14.0 0.53 
60-71 7.0 0.45 


* Two aneurysms were ruptured preoperatively. 


Alive 
0.95 
0.93 
0.90 
0.86 
0.81 
0.75 


ui 
CS 


e| wi NI N| w| Wi NIN 





Table 8.—Recent Mortality in Aortic Aneurysm Therapy 


Elective Ruptured or Acute 


No. JA No. % 
Author* Patients Mortality Patients Mortality 
Darling 
(MGH) 155 2.4 60 
Van Heeckeren 
(Yale) 
Couch 
(PB Brigham) 
Williams 
(Ft. Lauderdale) 
Williams 
(Ft. Lauderdale) 
Stokes & Butcher 
(Barnes & SL) 


Year 
1961-1969 


40.0 
1956-1969 
1954-1968 
1968-1971 
1962-1968 


1965-1971 





Cumulative 
Proportion 


* MGH signifies Massachusetts General Hospital, Boston; PB, Peter Bent Brigham Hospital, 


Boston; SL, St. Luke’s Hospital, St. Louis. 


Fig 1.—Laminated aneurysm with normal channel. 
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Fig 2.—Intramural excision of aneurysm. 
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5.—Preservation of hypogastric arteries. 
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~x the aneurysm becuse of a relatively 


normal size e« the free-flowing col- 
umn of bleod -Fr»ugh laminated clot 
or degenerative a herosclerotic media 
(Fig 1). 

Unrupture emurysmel resection 
was performed ia a standard way, 
using severa mocificatiors to reduce 
blood loss an= simplify the procedure. 
These includ-d (1)searly distal iliac oc- 
clusion to prevert 2mbolization due to 
manipulatior o the aneurysm, (2) 
complete mociisacion of che left re- 
nal vein te 2 low adequate proximal 
aortic contro amd exposure of the re- 
nal arteries wher indicated, (3) in- 
tramural excssoa of the aneurysm to 
reduce the liz=tiacod of injury to the 
vena cava arc tae lumbar veins (Fig 
2), and (4) dsplacment cf small in- 
testine in a sw table plastic bag. 

Division of the eft renal vein has 
not been necessary in the unruptured 
aneurysms ia our experience. Divi- 
sion of the atwead vein and inferior 
mesenteric v= usually allows suffi- 
cient mobilitz7 o he renal vein and 
exposure of an adequate proximal 
cuff. Aneurysms appearing to require 
renal artery araf=s have been fre- 
quently cen-ertee to a standard 
anastomosis -kraigh the use of a V- 
plasty of the encerior aneurysmal 
wall (Fig 3). The renal artery orifices 
usually arise from the posterior lat- 
eral aspect of -ae aorta where the ar- 
terial wall ts nearly always adequate 
for anastomos even if it is a part of 
the aneurysm Burmg the time the V- 
plasty is perfamm-c. the renal arteries 
may be temporariiy clamped and a 


1. Estes JE 2 Abdominal sortic aneu- 
rysm: A stuey of cases. Circulation 
2:258, 1950. 

2. Szilagyi D=, Ellott JP, Smith RF: 
Clinical fate of tæ petient with asympto- 
matic abdomina sortz aneurysm and un- 
fit for surgica teestment. Arch Surg 
104:600, 1972. 

3. Swinton NW. Sexdi H: Cancer of the 
colon and rectum ir the aged. Geriatrics 
20:494, 1965. 


D. Emerick Samacy., MD, Detroit: This 
is a remarkable =tudy principally because 
of the exceptior=| y fme results, with an 
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diuretic administered. 

Careful preservation of as much 
proximal posterior aortic wall as pos- 
sible and minmal elevation of this 
posterior cuff from the vertebrae is 
important in securing a satisfactory 
margin for the posterior suture line. 
The posterior suture line is closed 
carefully with generous aortic bites, 
since it is difficult to visualize after 
completion of the aortic substitu- 
tion. During the past two years tube 
grafts have been used with increas- 
ing frequency. Careful transection of 
the aortic bifurcation (Fig 4) and 
modifications of the common iliac ori- 
fices reduce the frequency with which 
bifureation grafts are required. Mod- 
erate dilatation of the common iliac 
arteries is not considered an absolute 
indication for resection of these ves- 
sels. End-to-side anastomosis of the 
graft to the common iliac arteries, 
with proximal closure, occasionally 
has been utilized whenever required 
to preserve internal iliac circulation 
(Fig 5). This technique also reduces 
the necessity of dissecting these ves- 
sels from the pelvic veins. The use of 
the Fogarty catheter before closing 
the distal anastomosis has been use- 
ful in removing unrecognized soft 
thrombi occurring during vascular oc- 
clusion. 

Postoperatively, all patients are 
transferred preferably to a special 
surgical unit or an intensive care unit 
so that they may be observed closely. 
The two most frequent complications 
in the first 24 hours are myocardial 
arrhythmias and pulmonary atelec- 
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Discussion 


operative mortality of 3.9% with asympto- 
matic and 15% with ruptured abdominal 
aortic aneurysms. As you know, the fig- 
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tasis. If bleeding is suspected, early 
reoperation is mandatory. We agree 
with Darling that any patient re- 
quiring greater than 2 liters of blood 
or fluid replacement in the first 24 
postoperative hours should undergo 
exploratory surgery, since death may 
not only result from blood loss when 


uncontrolled, but delayed resuscita- — 


tion increases the incidence of myo- 
cardial infarction, acute tubular ne- 
crosis, and distal arterial thrombosis. 


Conclusions 


The improvement in morbidity and 
mortality associated with the surgical 
treatment of aortic aneurysms during 
the past ten years is the result of ef- 
forts by many groups (Table 8) to 
solve the technical and physiological 
problems involved in operative ther- 
apy of this disease.** The complica- 
tions directly related to operative 
technique have been reduced success- 
fully to a minimum. Certain complica- 
tions related to the patient’s associ- 
ated cardiac and pulmonary disease 
can be somewhat reduced by careful 
attention to physiologic support be- 
fore, during, and after surgery in 
elective patients. The salvage rate 
of ruptured aneurysms, however, ap- 
pears to have reached a plateau, since 
the effects of shock in a patient with 
preexisting serious pulmonary or car- 
diac disease limit the final success 


rate. Future success depends primar- — 


ily upon earlier diagnosis of abdomi- 


nal aortic aneurysm to allow elective © 


resection with low death and morbid- 
ity rates. 
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ures for the asymptomatic lesions in the 
literature range from 5% to 10%, our own 
rate being just under 6%. (Because of the 
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very small size of the group with rup- 
tured aneurysms, comparison is not per- 
missible.). 

Indeed, these results are so outstanding 
that one instinctively asks the questions, 
‘Are these figures statistically comparable 
to the other reported ones and, if they are, 
what are the circumstances that produced 
them?” 

Regarding the first question, the compo- 
sition of the group of cases was indeed in- 
fluenced by some selectivity, since they de- 
rived from a larger group of patients 
through the process of referral for per- 
sonal care by the authors. There is a hint 
of bias in the incidence of coronary artery 
disease, which is about 20% lower than in 
our own series, and in the phenomenally 
short anesthesia time of two hours or less 
in 59% of the cases, which bespeaks a 
scarcity of serious technical difficulties. 
Nevertheless, the series is indeed made up 
of high risk patients substantially similar 
to those described by surgeons who use the 
broadest possible surgical indications. 
Thus, the significance of the fine results is 
indeed genuine. 

Regarding the circumstances that made 
these admirable death rates possible, I dif- 
fer from the authors not so much in sub- 
stance as in emphasis. I gain the impres- 
sion from the study that they assigned 
undeserved importance to such technical 
details as “intramural excision of the an- 
eurysm” (which means leaving most of the 
sac behind), leaving the bifurcation of the 
aorta undisturbed. In my view these mea- 
sures do not seriously influence operative 
mortality but, on the contrary, create a 
real risk of incomplete surgical operation, 
the consequences of which are perhaps late 
in appearing but nevertheless real. 

This does not mean that technical con- 
siderations are not important. They are in- 
deed important when one defines surgical 
technique in the broad sense, that is, in the 
sense that encompasses the sum of the 
painstaking and innumerable details that 
go into the preoperative, intraoperative, 
and postoperative aspects of the perform- 
ance of a chosen surgical procedure. It was 
precisely their unstinting commitment to 
these details that gave the authors these 
splendid results. Given this sort of com- 
mitment, their results would have been 
equally good had some of the technical de- 
tails been different. 

Finally, I should sound a note of caution. 
Skill and commitment are indispensable, 
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but to duplicate these results, one also 
needs the kind of teamwork and operative 
room environment that only a few large in- 
stitutions ean provide. 

JAMES J. Rams, MD, Pittsburgh: -I also 
would like to congratulate Drs. Stokes and 
Butcher on their excellent results. How- 
ever, while Dr. Stokes is trying to make 
the operative treatment of these patients 
much more simplified, I am afraid our 
group has gone in a different direction. 

We also are concerned with the problem 
of coronary artery disease and myocardial 
infarction in this type of patient as in the 
series Dr. Stokes has demonstrated. This is 
a major problem. All patients under the 
age of 70 years who have had a history of 
angina peetoris or congestive heart failure, 
or have an abnormal cardiogram, are eval- 
uated by coronary angiography. In the last 
two years coronary artery obstructions 
have been bypassed in three patients be- 
fore correction of aneurysm. As a result of 
this type of therapy, we have now been 
able to perform surgery on 26 consecutive 
patients without any operative mortality. 

Don R. Minter, MD, Kansas City, Kan: 
The paper by Drs. Stokes and Butcher re- 
ports enviable results, which are now pos- 
sible in operations for abdominal aneu- 
rysm. The average reported mortality for 
ruptured aneurysm is around 50%, which is 
high and probably will remain high be- 
cause of the significant blood loss and 
shock from this major vessel. But this mor- 
tality can be lowered, as shown today. 

Recent review of may own experience 
with ruptured aortic aneurysms, which is 
quite small (11 cases) shows there have 
been three deaths, but eight out of the last 
nine of these patients have been salvaged 
by operation, for a total mortality of 27% 
in this group. This improvement in mortal- 
ity is believed to be related to improved re- 
suscitation and to various technical factors 
that aid in the rapid control of bleeding 
and replacement of the aneurysm, and to 
the management of postoperative compli- 
cations, which have been many and severe. 

Direct admission of the patient to the 
operating room is a very important aspect 
of treatment, and most of the results re- 
ported do not indicate the number of 
deaths that occur before the patients get 
to the operating room. This is probably a 
very significant number of patients. 

A smooth anesthetic induction is neces- 
sary, since circulatory collapse associated 
with vasodilatation often follows induc- 


tion, and therefore the induction of anes- 
thesia should be delayed until blood is 
available and the surgeon is ready to make 
the incision. In six of the 11 patients there 
was no palpable aortic pulse at the time 
the abdomen was opened. The large num- 
ber and the severity of postoperative com- 
plications contributes significantly to the 
mortality, and prolonged ventilatory sup- 
port was required in most of the patients. 
Recurrent hemorrhage, prolonged ileus, 
and problems in healing are common and 
must be dealt with when they appear. 

Dr. STOKES: I would like to thanks Drs. 
Szilagyi, Rams, and Miller for their com- 
ments and provocative statements, espe- 
cially Dr. Szilagyi, who I think has peinted 
out a very serious consideration, that is, in 
our effort to simplify the procedure, we 
may be making a second operation or later 
complications more likely due to rupture of 
a dilated remaining iliac artery or inade- 
quate removal of proximal diseased aorta, 
which later ruptures. However, we would 
still try to obtain early good results, and if 
we recognize serious aortic disease at the 
line of suture, or proximal removal, we try 
to take it at the same time, and not leave a 
truly diseased aorta included in the anasto- 
mosis. 

With respect to coronary artery disease, 
this of course is an assignment of priority, 
and we hope we can eliminate those high 
risk patients by more careful study such as 
Dr. Lam has demonstrated preoperatively 
by coronary arteriography. We have done 
coronary artery studies on only four, to be 
exact. The successful treatment of the rup- 
tured aneurysm or the mortality probably 
does depend upon those who reach the op- 
erating room alive, as indicated by Dr. 
Wilson’s discussion of patients with ab- 
dominal aortic aneurysm during the first 
day of this meeting. We have rescued a 
few patients with expanding acute aneu- 
rysms who were receiving diagnostic gas- 
trointestinal or bladder intubation in the 
emergency room, which caused a Valsalva 
reaction, resulting in further intra-abdom- 
inal pressure and free rupture with shock 
and death. 

We finally have convinced the residents 
that these patients should go directly to 
the operating room, where they are in- 
ducted while the blood is prepared. Intuba- 
tion is done after anethesia is inducted. 
We do believe this has saved a few pa- 
tients by deferring any stressful diagnos- 
tic procedures until anesthesia is effected. 
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N Risk Factors 


in Peripheral Atherosclerosis 
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incidence and severity of risk factors were 
determined in 1C9 patients with peripheral 
vascular disease Three anatomic groups 
were defined: group A (aortoiliac disease), 
group C, aortailiacfemoropopliteal disease, 
and group L (fernoropopliteal disease). Risk 
factors were studied in groups at differing 
ages, and sequentially in individuals. Pa- 
tients in group A were significantly younger 
(average, 58 years) than in the other two 
groups (average, 55 to 66 years). Type II hy- 
perlipoproteinemia oecurred only in groups 
A and C. Type !\ hyperlipopreteinemia and 
glucose intoterance were significantly more 
common in croup L. Cigarette smoking was 
the most preminent risk factor in all groups 
(90% in groups A and C, 75% in group L). 
Onset of symptoms was eight to ten years 
earlier in smokers. Hypertension and electro- 
cardiogram abnoamalities were similar in all 
groups. Hyperchoilesterolemia often pre- 
dated ischemia by many years, followed by 
normal lipid ‘ewels. 


Ae is believed to be 
promoted by many factors. Gor- 
don and Kanre!' reeently described 
five factors eortributing to the devel- 
opment of atherosclerosis in cerebral, 
coronary, amd peripheral arteries. 
These were elevated blood pressure, 
elevated serum cholesterol value, 
cigarette smoking,  electrocardio- 
graphic abnormalities, and glucose 
intolerance. These faetors, along with 
age, can be related to an increased 
risk of coronary heart disease, and 
have been identified as risk factors in 
several long-term studies.*-° 

In the present study, the incidence 
and severity of these risk factors 
were observed in patients with ath- 
erosclerosis of the aorta and lower ex- 
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tremity vessels. Serial observations 
were documented by recording the 
presence of risk factors prior to the 
onset of symptomatic peripheral vas- 
cular disease. Differences in risk fac- 
tors related to anatomic distribution 
of disease were sought, as well as the 
incidence of risk factors with progres- 
sive age. 


Materials and Methods 


A study was made of 109 patients with 
symptomatic atherosclerosis of the abdom- 
inal aorta or lower extremity vessels who 
were admitted to the University Hospitals 
of Cleveland between July 1971 and July 
1972. Attention was directed to establish- 
ing duration of symptoms as accurately as 
possible. Sequential changes in risk factors 
were evaluated by reviewing past medical 
records available in 16 cases. 

Patients were identified as cigarette 
smokers if they smoked ten or more ciga- 
rettes daily up to six months prior to ad- 
mission. Almost all cigarette smokers used 
20 or more cigarettes daily for a period of 
20 years; rarely was lesser consumption re- 
ported. 

Serum cholesterol, triglycerides, fasting, 
and two-hour postprandial glucose levels, 
and lipoprotein electrophoresis were deter- 
mined after a 16-hour fast prior to sur- 
gery. Serum lipoprotein patterns were 
classified using a disc method. Cholesterol 
levels greater than 250 mg/100 ml, tri- 
glyceride levels greater than 130 mg/100 
ml, fasting glucose levels greater than 100 
mg/100 ml, and two-hour postprandial glu- 
cose levels greater than 120 mg/100 ml 
were considered abnormal. 

Hypertension was identified if systolic 
blood pressure was greater than 140 mm 
Hg or diastolic blood pressure greater than 
90 mm Hg" on three to five base line read- 
ings. Admission ECGs were considered ab- 
normal if there was evidence of prior myo- 
cardial infarction or changes consistent 
with left ventricular hypertrophy accord- 
ing to criteria described by Gordon and 
Kannel.' 

On the basis of physical examination, 
translumbar and femoral arteriography, 
and operative findings, three anatomic 


groups were noted: A, aortoiliac disease; 
C, combined aortic and femoropopliteal 
involvement; and L, lower extremity in- 
volvement, primarily distal to the inguinal 
ligament. Examples of these anatomic pat- 
terns are illustrated in Fig 1. Average 
duration of symptoms and risk factors 
present at the time of admission were 
tabulated for each group and compared. 
The incidence of risk factors in age groups 
of 40 to 55 years, 55 to 65 years, and older 
than 65 was also determined. 


Results 


Overall results for the three ana- 
tomic groups are summarized in 
Table 1. There were approximately 
twice as many patients with femoro- 
popliteal disease, group L, as there 
were in the other two groups. There 
was a preponderance of men over 
women with ratios of 3:1 in group A, 
1.4:1 in group C, and 1.7:1 in group L. 
The youngest patients usually exhib- 
ited primarily aortic disease; in group 
A, average age was 58; groups C and 
L averaged 65 to 66 years of age. The 
age difference between group A and 
groups C and L was statistically sig- 
nificant. The average duration of 
symptoms was strikingly different 
between groups. Group A had symp- 
toms 4.3 years, group C, 2.7 years, and 
group L, 1.4 years. Ischemic symp- 
toms were milder and better toler- 
ated in patients who had primarily 
aortic disease. More rapid progression 
of ischemia was noted when smaller 
vessels of the lower extremities were 
principally involved. 

Overall, the most common lipid ab- 
normality was type IV hyperlipopro- 
teinemia with minimally elevated or 
normal serum cholesterol levels and 
triglyceride levels in excess of 130 
mg/100 ml. Hypercholesterolemia 
alone or type II hyperlipoproteine- 
mias were uncommon. These patterns 
were seen only in patients with aortic 
involvement. In each group, abnormal 
lipoprotein patterns were more fre- 
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Fig 1.—Anatomic grouping of peripheral atherosclerosis. Group A, principally aortic; 
group C, combined aortic and femoropopliteal; group L, principally lower extremity. 


quent than elevated serum cholesterol 
levels (Fig 2). However, 40% of pa- 
tients had normal lipid levels at the 
time they were admitted. 

Patients with primarily femoropop- 
liteal involvement (group L), showed 
a significantly increased incidence (P 
<.05) of type IV hyperlipoprotein- 
emia compared with patients with 
aortic disease. Concurrent with hy- 
pertriglyceridemia in patients with 
femoropopliteal involvement, the in- 
cidence of diabetes was also highest. 
This was significantly greater 
(P <.05) than in patients with aortic 
involvement alone. 

The incidence of hypertension was 
lowest in patients in group L, but dif- 
ferences between the groups were not 
statistically significant. More than 
half of all patients exhibited ECG ab- 
normalities. These occurred in high- 











No. of 
Patients 


A 31 


Men/ 
.Women 


24/7 
C 24 14/10 


54 34/20 





Average Age 
and Range, yr 


58* (41-71) 


65 (43-79) 


66 (38-82) 


est incidence (71%) in combinec aortic 
and femoropopliteal disease, group C; 
but this higher incidence was rot sta- 
tistically different from that in 
groups A and L. The most pervasive 
risk factor was cigarette smoking. 
The incidence ranged from 75% in 
group L to 90% in groups A and C, 
with no significant differenees be- 
tween the groups. 

The occurrence of abnormal lipo- 
protein patterns decreased wath in- 
creasing age (Fig 3). Combining all 
anatomic groups, a higher ineidence 
of hyperlipoproteinemia was detected 
in the 40 to 55 age group compared to 
individuals aged 65 or older. in con- 
trast, the incidence of glucose mtoler- 
ance in group L increased with ad- 
vancing age (Fig 4). The incidence of 
hypertension decreased with edvanc- 
ing age, notably in groups A and C 


Table 1.—Risk Factors and Anatomic Distribution of Peripheral Atherosclerosis 


Lipoprotein 

Electrophoresis Gaucose 
Type Intolerance, % 

11 type IV 17* 

3 type Il 

1 type IlI 

5 type IV 50 

2 type Il 

1 type V 
28 type IVT 





* Statistically significant difference P <.05 from groups C and L. 
t Statistically significant difference P <.05 from groups A and L. 
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(Fig 5). The number of abnormal 
ECGs increased with age. The inci- 
dence of 80% in group L patients 
older than 65 years was significantly 
higher than in the other groups (Fig 
6). Cigarette smoking among the el- 
derly was less frequent, especially in 
groups C and L (Fig 7). In these pa- 
tients, the incidence of diabetes re- 
lated inversely to the incidence of 
cigarette smoking. A nonsmoking pa- 
tient exhibiting type C or L disease 
was usually diabetic. In all anatomic 
groups, the average presenting age of 
cigarette smokers was 7.7 to 9.9 years 
earlier when compared to nonsmokers 
(Table 2). This age differential was 
highly significant in patients with 
femoropopliteal disease. On review of 
past medical records, risk factors in 
individuals were observed to change 
with time. The following cases are il- 
lustrative: 


Report of Cases 


CASE 1.—A 44-year-old white man, previ- 
ously in good health, was admitted for an 
abscess of the back. The patient’s mother 
was diabetic. He was normotensive and a 
nonsmoker. Serum cholesterol value was 
151 mg/100 ml and the ECG was normal. 
Glycosuria and fasting blood glucose levels 
ranging from 240 to 300 mg/100 ml were 
discovered. Diabetes was treated with in- 
sulin injection and subsequently by diet. 

At age 49, he was admitted for reevalua- 
tion. Serum cholesterol value was now 346 
mg/100 ml, fasting blood glucose levels 
ranged from 140 to 160 mg/100 ml, and 
other risk factors were unchanged. Plain 
roentgenograms of the legs revealed bilat- 
eral arterial calcification at the ankles. Ar- 
terial pulsations and skin nutrition were 
normal. 

At age 55, acute myocardial infarction 
occurred. Peripheral pulses were normal; 
recovery was uncomplicated. Serum choles- 


Hyper- Abnormal Smoking, 
tension, % ECG, % % 
58 55 90 
50 71 90 
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Femoropopliteal (L) 





terol value was now 500 mg/100 ml; other 
risk factors were unchanged. He was dis- 
charged on a regimen of tolbutamide, 500 
mg daily. 

At age 60, he was admitted with a three- 
day history of gangrene and cellulitis of 
the left foot. The ECG showed evidence of 
prior myocardial infarction. Pulses were 
absent below the left common femoral ar- 
tery; pulses on the right were normal. Ar- 
teriography revealed diffuse atheroscle- 
rosis of the left superficial femoral artery, 
with occlusion of the anterior tibial artery 
at its origin and diffuse narrowing of both 
the posterior tibial and peroneal arteries. 
An above-the-knee amputation was per- 
formed. Serum cholesterol value was now 
239 mg/160 ml; fasting glucose levels 
ranged from 240 to 300 mg/100 ml. Insulin 
therapy was begun. 

At age 63, gangrene of the first and sec- 
ond toes of the right foot occurred. Pulses 
were absent below the femorals. Arteriog- 
raphy showed a normal aorta, diffuse nar- 
rowing of the right superficial femoral ar- 
tery, popliteal occlusion, and poor distal 
runoff. 

Lumbar sympathectomy and trans- 
metatarsal amputation were done with sal- 
vage of the extremity. Serum cholesterol 
value was now 125 mg/100 ml, fasting glu- 
cose levels ranged from 165 to 240 mg/100 
ml. Other risk factors were unchanged. 
Lipoprotein electrophoresis revealed a nor- 
mal pattern. This diabetic illustrates la- 
bility of serum cholesterol value with 
disappearance of hypercholesterolemia 
predating symptomatic peripheral vascu- 
lar disease. Of interest was arterial calcifi- 
cation, present 16 years before peripheral 
ischemia ensued. 

Case 2.—A white man, age 52, in prior 
good health, suffered acute anterior myo- 
cardial infarction. Blood pressure was nor- 
mal. Fasting glucose level was 90 mg/100 
ml, and serum cholesterol value was 303 
mg/100 ml. He had smoked one pack of 
cigarettes daily for 30 years. Recovery was 
uneventful: he continued to smoke and did 
not alter dietary habits. 

At age 55, he was readmitted with acute 
superficial thrombophlebitis. Serum choles- 
terol concentration was now 472 mg/100 
ml. Other risk factors were unchanged. At 
age 62, cigarette smoking was discontin- 
ued on medical advice. At age 64, an ab- 
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Table 2.—Average Age of Smokers and Nonsmokers at Time of Presentation 


Group Age of Smokers, yr Age of Nonsmokers, yr 
Aortoiliac (A) 54.3 64.2 
Combined (C) 63.9 71.6 


60.5* 
* Significant difference at P < .05 by t-test. 







69.7* 





dominal aortic aneurysm was found. Fem- 
oral pulses were diminished with bruits 
audible in both femoral arteries. 

He was noted for the first time to be 
hypertensive, with a blood pressure of 
160/110 mm Hg. Serum cholesterol value 
was now 235 mg/100 ml, triglyceride level 
was 210 mg/100 ml with type IV hyper- 
lipoproteinemia. Fasting glucose and two- 
hour postprandial glucose levels were nor- 
mal. A large aortic aneurysm and severe 
iliac occlusive disease were treated with a 
bifurcation aortofemoral graft. On a regu- 
lar diet, three weeks postoperatively, se- 
rum cholesterol value was 165 mg/100 ml; 
triglyceride level and lipoprotein electro- 
phoresis were normal. Fasting glucose 
level was 110 mg/100 ml. 

This case illustrated hypercholesterol- 
emia and smoking predating the aortic an- 
eurysm and iliac occlusive disease. Normal 
serum cholesterol value and lipoprotein 
patterns in the postoperative period may 
relate to reduction in caloric intake. 

CASE 3.—A 33-year-old white man was 
admitted for evaluation of hypertension, 
first detected at age 21. Essential hyper- 
tension was documented with levels rang- 
ing 150/110 to 170/120 mm Hg. The ECG 
was normal, serum cholesterol value was 
299 mg/100 ml, and fasting blood glucose 
level was 85 mg/ml. He had never smoked. 
Between ages 40 to 45, the patient was ad- 
mitted on three occasions for acute myo- 
cardial infarctions. Serum cholesterol 
values on these occasions were 246, 288, 
and 306 mg/100 ml. Fasting bleod glucose 
levels and a three-hour glucose tolerance 
test were normal. The patient was treated 
with reserpine, pentaerythritol tetrani- 
trate, and warfarin sodium. At age 46 to 
47, blood pressure ranged from 130/100 to 
160/110 mm Hg. 

At age 52, the patient was readmitted 
for slowly progressive, left lower extrem- 
ity claudication of eight years’ duration. 
Blood pressure was 140/105 mm Hg. There 
was a bruit over the left common femoral 
artery and no distal pulses. Pulses were 
normal on the right. Fasting blood glucose 
levels were 85 to 110 mg/100 ml. Choles- 
terol value was 156 mg/100 ml. Triglyc- 
eride level and lipoprotein electrophoresis 
were normal. Aortography revealed occlu- 
sion of the left common iliac artery. Fem- 
oral arteriography showed normal super- 


ficial femoral and distal vessels. At I 


surgery, severe right iliac atherosclerosis, 
not fully appreciated by angiography, was 
noted; bilateral aortofemoral bypass was 
done. 

At age 538, cardiac catheterization for 
angina revealed severe diffuse three vessel 
coronary disease. Blood pressure ranged 
from 150/110 to 160/120 mm Hg. Serum 
cholesterol value was now 275 mg/100 ml; 
triglyceride level, 70 mg/100 ml; and lipo- 
protein electrophoresis pattern was type 
Lt: 

This case illustrates varying serum cho- 
lesterol concentrations and apparent labil- 
ity of f-lipoproteins. Hypertension ap- 
pears as a prominent risk factor. 


Comment 


Patients in this series demonstrate 
advanced atherosclerosis. At this 
stage, complex pathologic changes 
have occurred. The changes in the ar- 
teries include accumulation of lipids, 
complex carbohydrates, blood and 
blood products, fibrous tissue, and cal- 
cium.* Necrosis may be present 
within these advances lesions. Inti- 
mal ulceration, thrombus formation, 
stenoses, or aneurysms have devel- 
oped. In contrast to early and inter- 
mediate plaques involving mainly in- 
tima and subintima, the process has 
involved the media extensively. The 
etiologic factors and pathogenetic 
processes causing evolution of these 
advanced lesions are poorly under- 
stood. 

Because of the complex pathology, 
it was important to learn that ath- 
erosclerosis is often segmental, and 
therefore amenable to operative cor- 
rection. It is now equally important 
to recognize that control of known 
risk factors can enhance survival and 
improve surgical results. The risk 
factors of the original Framingham 
study,’ along with glucose intolerance 
and cigarette smoking, identify indi- 
viduals predisposed to atherosclerotic 
complications. Cigarette smoking is 
the most common and pervasive risk 
factor in the present study. Cessation 
of cigarette smoking has been shown 
to be critical in maintaining long- 
term patency of aortofemoral recon- 
structions’ and reducing the inci- 
dence of amputation." 

Hyperlipoproteinemia is also re- 
lated to atherosclerosis. Evidences for 
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N this relationship are the consistent 


demonstratie ef hyperlipoprotein- 
emia in Western society associated 
with a high <acislence of atheroscle- 
rosis,” dememstration of elevated 
plasma cholesterel value as a promi- 
nent risk ‘aster within an American 
population.’ eariy and severe dis- 
ease developimg in familial hyper- 
cholesterolemia,’** and the relation- 
ship of elewated serum cholesterol 
value to rate d° progression of experi- 
mental athercsclerosis.’*'7 Although 
an importan- rele in the initiation of 
lesions cam æ ascribed to hyper- 
cholesterolem:a, most previous stud- 
ies did not stow a significant inci- 
dence of tkypercholesterolemia in 
patients witl symptomatic peripheral 
atheresclero=="**" nor did pre- 
mortem cħoæsterol levels correlate 
with anatome extent and severity of 
the disease =t autopsy.” These past 
studies, how erar, did not take into ac- 
count long-te-m variations in serum 
cholesterol waues occurring during 
the individus s lifetime. The appar- 
ent lessening ef this risk factor with 
age’ is of significance. Since re- 
gression of atheresclerotic plaques in 
response te levered serum cholesterol 
values has be=n clearly shewn in ex- 
perimental aamnais,”*"’ control of ele- 
vated lipid levels is of importance es- 
pecially in ycuager patients. Therapy 
shculd be plamaed by identifying the 
type of hypeclipoproteinemia," since 
information =bout the underlying 
metabolic diseeder is needed for ef- 
fective contral In type IV, the most 
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commonly observed lipid abnormal- 
ity, therapy requires more than re- 
duction of dietary cholesterol; abnor- 
mal carbohydrate metabolism should 
also be controlled. 

We distinguish three anatomic pat- 
terns: mainly aortic, combined aortic 
and femoral involvement, and pri- 
marily femoropopliteal disease. In an 
early study, Friedman and associ- 
ates** contrasted younger patients 
with aortic disease to a second group 
with femoropopliteal disease. Pa- 
tients with aortoiliac disease, as in 
this study, were younger, had a 
greater intensity and incidence of hy- 
percholesterolemia, and diabetes was 
rare. In the present groups, inci- 
dences of some risk factors overlap: 
cigarette smoking, hypertension, and 
ECG abnormalities. Different risk 
factors, however, in certain anatomic 
groups appear dominant. Patients 
with solely aortic involvement are 
younger and diabetes is much less 
frequent: type II hyperlipoprotein- 
emia, ie, primarily elevation of -lipo- 
protein, occurs only in groups with 
aortic disease; type IV hyper- 
lipoproteinemia, the most common 
lipid disorder in all groups, has the 
closest association with femoro- 
popliteal disease, reflecting a high 
incidence of abnormal carbohydrate 
metabolism. 

The separation of patients with pe- 
ripheral vascular disease into ana- 
tomic groups is clinically useful. 
Though risk factors overlap, these 
groupings prove valuable for under- 
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Makis TsapoGas, MD, MCurir, Albany, 
NY: Dr. Rosen and his colleagues are to be 
commended for their significant contribu- 
tion. We have also been interested in this 
subject, and our work is based on 1,100 
subjects who were screened for cardio- 
vascular disease and related risk factors at 
the Albany Medical Center and the VA 
Hospital. Their mean age was 61 years and 
22% of them had symptomatic atheroscle- 
rosis, affecting their peripheral and/or ce- 
rebral arteries, their coronaries, or both. 

We, too, have found, as did the authors, 
significantly elevated glucose and tri- 
glyceride levels in the patients presenting 
with symptoms of atherosclerosis. The 
clotting and fibrinolytic factors were also 
measured in these patients. Our work con- 
firmed preliminary observations that in 
patients with overt atherosclerosis there is 
increased fibrinogen and decreased endog- 
enous fibrinolytic activity. It is not yet 
clear whether these changes directly con- 
tribute to the atherosclerotic process or are 
due to other biochemical changes found in 
this disease, such as increase in lipo- 
proteins. More work is needed to clarify 
this point. If such direct relationship is es- 
tablished, this may have obvious therapeu- 
tic application. Substances such as eth- 
ylestrenol, phenformin hydrochloride, or 
stanozolol, which increase this activity, 
may have a beneficial effect on the pre- 
vention or delay of the atherosclerotic pro- 
cess. May I ask the authors if they have as- 
sessed the fibrinolytic activity in their 
patients? 

WILLIAM J. Fry, Ann Arbor, Mich: I 
would like to compliment the authors on a 
very thoughtful study. Hypertension has 
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Discussion 


been alluded to as an important risk fac- 
tor. Generally hypertension is poorly inves- 
tigated as to cause and even less attention 
paid to therapy. Certainly this is one risk 
factor that can be sometimes cured and al- 
ways adequately treated. 

This study emphasizes the fact that 
people with atherosclerosis are generally 
poor risks for major surgical precedures. 
As was emphasized by Boyd, the longevity 
of patients with intermittent claudication 
is no better than patients with angina pec- 
toris. Since the mortality seen m recon- 
structive vascular surgery for occlusive 
disease remain appreciable, I would like to 
ask the euthors if they think these risk 
factors may help to determine the hazard 
of operation in patients with symptomatic 
peripheral occlusive disease. 

Dr. DEPALMA: I would like to taank the 
discussants for their very kind remarks. 
Perhaps the best way to answer these 
questions is to provide an analogy of an 
elephant, taken from Aesop’s Fables. 
There are five blind men feeling the appen- 
dages of an elephant named atheroscle- 
rosis. We cannot visualize, as yet, the 
whole animal. Smoking is the trunk, proba- 


bly very important; hypercholest2rolemia, 


hyperlipoproteinemia, diabetes, and hyper- 
tension are legs. The ECG abnormality is 
the tail, indicating progressing disease. 

In answer to Dr. Tsapogas’ question, we 
studied only the risk factors that were 
used in the Framingham study. We did not 
assess fibrinogen and fibrinolytic activity. 
There are probably undiscovered risk fac- 
tors; these may number among them. 

In answer to the question abeat hyper- 
tension, we took as abnormal blood pres- 
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ences in coronary heart disease in Hono- 
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25. Lassen NA, et al: Conservative 
treatment of gangrene using mineralo- 
corticoid-induced mederate hypertension. 
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sures, blood pressures in excess of 140/90 
mm Hg, either reading, as Kannel and 
Gordon have outlined. A systolic blood 
pressure of over 140 mm Hg, irrespective 
of the diastolic blood pressure, also consti- 
tutes a significant risk factor. 

We are still not elear about the treat- 
ment of hypertension in various forms of 
peripheral atherosclerosis. In patients with 
aortic disease, where there is involvement 
of the renal arteries or involvement of the 
aorta with thrombotic material near the 
renal orifices, we attempt to restore nor- 
mal pulsatile flow or remove debris near 
the renal orifices to prevent repeated em- 
boli from this source. 

In patients with primary femoropop- 
liteal disease, or small vessel disease, 
group L, we do not feel the treatment of 
hypertension is critical. In some cases it 
may be harmful. Indeed, Lassen and his 
associates and other vascular physicians 
have recommended increasing blood pres- 
sure in certain of these patients to increase 
perfusion to the small vessels in the toes. 

Finally, we do not use these risk factors 
in’ determining operability. Risk factors 
are useful prognostically; more impor- 
tantly, their control may prevent progres- 
sion of disease. We have liberal indications 
for operation, probably more so than Dr. 
Stokes. We operate on any aneurysm we 
think we can get through surgery. We op- 
erate on femoropopliteal disease if we 
think there is the slightest chance to pre- 
serve the limb. The mortality of femoro- 
popliteal reconstruction in our hands is less 
than that of amputation. 
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Femorotibial Vein Bypass 
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Sixty-five patients underwent femorotibial 
Saphenous vein byp@s. and were observed a 
minimum of 18 mentks. The primary indica- 
tion for operatio is “limb salvage” in pa- 
tients otherwise “acing amputation. In 54% 
of the patients, aseservation of the extremity 
was accomplisheci The operative mortality 
was 3%. 


rterial »æ usive disease of the 
lower excremities, above the 
level of the tal vessels, is amenable 
to direct surgiea] a tack by either en- 
darterectomy œ byvass grafting. Un- 
til recently, revascularization distal 
to the poplitee! artery has not been 
generally pertormed. Sufficient expe- 
rience has be=n <ceumulated since 
1963 when Bele' -eported the first 
successful femmoratibial bypass to 
warrant its w= in suitable patients. 
Since 1965, 86 sapk=nous vein bypass 
grafts to the = bial vessels have been 
performed at tæ University of Mich- 
igan Medica! Cencer and affiliated 
hospitals. Sixt+five of these have 
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been carefully observed for a min- 
imum of 18 months and form the 
basis of this study. The distal anasto- 
mosis in all cases was beyond the pop- 
liteal artery and in most cases ex- 
tended to the distal one third of the 
tibial vessel, often at or below the 
ankle. 


Clinical Experience 


Thirty-one bypasses were performed to 
the anterior tibial artery, 31 to the poste- 
rior tibial artery, and 3 to the peroneal ar- 
tery. The infrequent use of the peroneal 
artery reflected the presence of a more ac- 
cessible vessel as well as its general un- 
suitability. Patients were observed for a 
minimum of 18 months, until occlusion of 
the graft or death. The longest follow-up 
was 84 months. 

During this same period, 350 femoro- 
popliteal saphenous vein bypasses were 
performed at the same institutions. There- 
fore, one patient in five needing lower ex- 
tremity revascularization required a tibial 
bypass. The prime candidates for this op- 
eration are those patients who are threat- 
ened with immediate or impending loss of 
their limb. Intermittent claudication was 
the surgical indication in only 5% of the pa- 
tients. This is in contrast to patients un- 
dergoing femoropopliteal bypass in whom 
claudication is the primary indication in 
60%.* No patient in this series was oper- 
ated on for popliteal aneurysmal disease. 


Twenty-one percent of the patients had 
mild rest pain not requiring narcotics. 
Twenty-six percent had marked rest pain 
unrelieved, or only partially relieved, by 
narcotics. Patients with tissue compromise 
included all those with ischemic ulcers or 
frank gangrene, and comprised 48% of the 
group. The patients with tissue compro- 
mise (48%) and marked rest pain (26%) 
were patients facing amputation. This 
group of 52 patients (74% of the total) rep- 
resents those operated on for “limb sal- 
vage.” There were two operative deaths in 
the series (3.0%). One patient died of a 
myocardial infarction and the second died 
following a cerebrovascular accident. This 
operative mortality is significantly lower 
than the 11% to 18% mortality reported for 
below-the-knee amputation.* 

There were 54 men and 11 women. The 
age range was 28 to 81 years. The average 
age was 59 years. A history of cigarette 
smoking of at least one pack per year for 
20 years was present in all of the patients. 
Thirty-eight percent of the patients were 
found to be diabetic; 31% had sustained 
diastolic hypertension greater than 90 mm 
Hg, and 20% had abnormalities of their se- 
rum lipids or cholesterol or both. Signifi- 
cant dyslipoproteinemia is detected more 
frequently today because of an increased 
awareness of its existence and potential 
treatment. Nevertheless, the incidence re- 
ported here is lower, no doubt, than the 
true incidence because all patients did not 
have their serum lipids and cholesterol 
evaluated. Thirty-three percent of the pa- 
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tients had prior “inflow” procedures, usu- 
ally an aortofemoral bypass. 


Operative Technique 


The procedure is performed with either 
general or regional anesthesia. The abdo- 
men and both lower extremities are pre- 
pared and draped so that a portion or all of 
the contralateral vein may be obtained if 
required. On the basis of the preoperative 
arteriograms, the most promising distal 
artery is explored. If the preoperative 
studies are not adequate, an operative ar- 
teriogram is obtained. If the initial vessel 
is found to be unsatisfactory, the remain- 
ing tibial vessels are explored and eval- 
uated. If a distal site and an adequate dis- 
tal arterial bed are not found, the 
procedure is terminated. We have found 
that if the plantar vascular arch is intact, 
the prognosis for a successful tibial bypass 
is good, while if it is not intact, the chances 
for success are poor. 

The anterior tibial artery is exposed 
through an anterolateral incision between 
the tibialis anterior and extensor hallucis 
longus muscles. The dorsalis pedis artery is 
approached in the first intermetatarsal 
space on the dorsum of the foot. The poste- 
rior tibial and peroneal arteries are ex- 
posed through a medial incision anterior to 
the soleus fascia. The peroneal artery is 
found more laterally within the fascia of 
the flexor hallucis longus. At the ankle, the 
posterior tibial artery is found just poste- 
rior to the malleolus, between the tibialis 
posterior tendon and Achilles tendon. In 
general, we have found that the more dis- 
tal exposure is easier and the vessel often 
less diseased. 

The entire greater saphenous vein is re- 
moved under direct vision and all branches 
are carefully ligated. Adventitial strip- 
ping is done only in areas of narrowing, in 
contrast to the earlier practice of more ag- 
gressive adventitial removal. The vein is 
dilated with heparinized saline solution to 
obtain a minimum internal diameter of 4 
mm. It is temporarily stored in iced physi- 
ologic salt solution. A tunnel is made 
between groin and distal vessels. The 
placement of the bypass (subfascial, sub- 
cutaneous, lateral, or medial) does not ap- 
pear to make any difference in the ultimate 
result. The bypass should not cross the 
subcutaneous aspect of the tibia. The vein 
is reversed and both anastomoses are con- 
structed with a continuous suture tech- 
nique using 6-0 or 7-0 Teflon-coated Dacron 
suture. Systemic heparin sodium is uti- 
lized. Small atraumatic vascular clamps 
are necessary to prevent damage to these 
fragile vessels. The distal anastomosis is 
done first, the knee is straightened to ob- 
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Postoperative arteriograms. Lef:, Femorodorsalis pedis bypass in case 1. Note patent 
plantar vascular arch. Center, Ferroroposterior tibial bypass in case 2. Superficial femoral 
artery is stenotic and proximal tib:al vessels are occluded. Right, Case 3. Femoropopliteal 
segment is autogenous saphenous vein; popliteal-posterior tibial portion is saphenous allo- 


graft. Note dilation in allograft. 


tain proper vein tension, and the proximal 
anastomosis is then performec. Visual 
magnification is not used routinely. An op- 
erative arteriogram, performed upon com- 
pletion of the anastomoses, has proven to 
be of significant assistance in detecting oc- 
cult technical errors and should be done 
routinely when dealing with sma | vessels. 
Postoperative arteriography is performed 
only if there is some question as to the 
status of the bypass. Patency of the by- 
pass can usually be ascertained by physical 
examination and Doppler ultrasonic aus- 
cultation. Postoperative anticoagulation is 


not undertaken since it does not affect the 
long-term patency rate. 

The following cases emphasize some of 
the important aspects of the procedure. 


Report of Cases 


CASE 1.—A 78-year-old male business ex- 
ecutive was admitted with severe calf and 
foot pain at rest and early skin necrosis of 
the fifth toe. Preoperative arteriegrams 
demonstrated satisfactory proximal ves- 
sels, aside from a small abdominal aortic 
aneurysm. He underwent a femorodorsalis 
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pedis bypassin _968 with complete healing 
of Fis toe and eessation of the rest pain. 
Two and one hak years later he underwent 
emergency Ærtx resection for a ruptured 
abdominal a»rti: aneurysm. His vein graft 
is intaet an1 h= leg is asymptomatic 60 
months postape~atively. The Figure (left) 
illustrates tl= pestoperative appearance of 
his femorotiial oypass. Note particularly 
the intact pl< utar arch. Neither old age nor 
the catastrcohe of a ruptured aneurysm 
adversely afwct=d his distal bypass. 

CASE 2.—/ 5T year-old obese white man 
with diabetes, aypertension, type 4 dys- 
lipoproteinemia and a heavy cigarette 
smcking hi=er~ was admitted with rest 
pain in the æft foot partially relieved by 
orally admiristered meperidine hydrochlo- 
ride. Three =orths previously a unilateral 
lumbar sympathectomy was performed 
elsewhere w thaut relief of his symptoms. 
He underwent ‘emeroposterior tibial by- 
pass in 1969 wita complete relief of his rest 
pain. He rewrred tp full activity despite 
persistent peda edema. The Figure (cen- 
ter) is a compcsite arteriogram obtained 
four years postoperatively. A good result 
was achieve: here despite diabetes mel- 
litus, bypestension, lipid abnormalities, 
and heavy =igarette smoking. However, 
further progres ion ef his occlusive disease 
can be expe=tec. 

CASE 3.—... 6®year-old Mexican-Ameri- 
can with diametes mellitus, sickel cell trait, 
and a heavywigarett-smoking history was 
admitted win skin breakdown of the heel 
and constan rest pain im his left foot. He 
had had an #bowe-tle-knee amputation on 
the right ang a saphenous vein ligation on 
the left, petormed elsewhere. He under- 
went femor+popliteal autogenous vein by- 
pass 28 monks ago without significant im- 
provement. Siv> manths later, a bilateral 
lumbar symmataecteamy was done without 
improvemert Gnae month following sym- 
pathectemy an allograft vein bypass was 
inserted from “he distal autogenous vein 
bypass to th= d=tal pesterior tibial artery. 
Following his preeedure, his wounds 
healed with z2s:atien of his rest pain. The 
allograft ven had been removed three 
. days prior « use beeause of varicosities 
and was sterec in skin-bank fluid. ABO 
blood types wer= matched. This patient ul- 
timately w= rehabilitated and presently 
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works full-time with a functioning bypass 
and an above-the-knee prosthesis. The 
Figure (right) shows the postoperative ar- 
teriographic appearance of his bypass. 
The allograft vein has remained patent 
for almost two years with a good func- 
tional result. The prior vein ligation and 
amputation precluded the use of autoge- 
nous material for the more distal bypass. 
The arteriogram shows early dilatation of 
the allograft, suggesting slow chronic re- 
jection. Such an allograft may become an- 
eurysmal and ultimately thrombose. 


Results 


Graft patency rates at one month, 
six months, one, and two years are 
shown in the Table. They reveal a 
high, early failure rate with a further, 
slower rate of attrition. There is no 
significant difference in results be- 
tween the different types of bypass in 
contrast to the suggestion that the 
posterior tibial bypass has a greater 
success rate.’ All three peroneal by- 
pass grafts remained open at one 
year. One patient died of a myocar- 
dial infarction 16 months postopera- 
tively with an open bypass noted at 
autopsy. The overall operative mor- 
tality was 3%. Fifty-two of the 65 pa- 
tients (74%) underwent operation for 
limb salvage, as previously defined. 
Twenty-eight of 52 limbs were suc- 
cessfully preserved (54%), while 24 
(46%) were ultimately amputated. 
There were no patients whose limbs 
were saved whose graft occluded in 
the early postoperative period, and no 
patient with a patent graft under- 
went a major amputation. A number 
of patients underwent minor amputa- 
tion of preexisting gangrenous parts. 
Follow-up evaluation disclosed five 
patients with intact limbs in whom 
the graft had occluded after satisfac- 
tory healing of previously ischemic 
areas. 

Tyson and Reichle* in 1972 reported 
a 50% overall success rate for femoro- 
tibial bypass while Noon et alë re- 











30 Days 6 Months 1 Year 2 Years 
Patients No. of Patients No. of Patients No. of Patients No. of 
Bypass at Risk Patients at Risk Patients at Risk Patients at Risk Patients 
Femoroarerier tibsa! 31 20 (65%) 31 17 (55%) 31 13 (42%) 25 13 (52%) 
Femoropastenor tibial 31 21 (68%) 31 16 (52%) 31 12 (39%) 26 12 (46%) 
Femorope-oneal 3 3 (100%) 3 3 (100%) 3 3 (100%) 2 2 (100%) 








ported a similar series in 1969 with a 
57% success rate. The 54% limb sal- 
vage rate in this series is comparable. 


Comment 


It is now approximately ten years 
since venous bypass grafting to the 
tibial vessels has been performed. 
The limited but definite usefulness of 
this procedure justifies its continued 
utilization in carefully selected pa- 
tients. Our results support a contin- 
ued aggressive approach to ischemic 
disease requiring bypass distal to the 
popliteal level, even in the aged pa- 
tient. Stoney et al report a 26% suc- 
cess rate at one year in patients un- 
dergoing distal revascularization for 
limb salvage, and suggest early am- 
putation for this group. Our results do 
not support this view. No patient 
should be denied an attempt at revas- 
cularization simply because the by- 
pass has to extend distal to the poplit- 
eal artery. The limiting factor is the 
adequacy of the distal vessel and the 
outflow tract. The presence of a pat- 
ent plantar vascular arch appears to 
be a good indicator of an adequate 
“peripheral bed.” The arteriograms in 
40 of the 65 patients were adequate to 
evaluate the plantar vascular arch. 
Eighteen of 19 patients with a patent 
arch had a successful bypass, whereas 
only 1 of 21 patients without a patent 
arch had a successful bypass. The im- 
portance of this factor in predicting 
the success or failure of tibial bypass 
procedures deserves further empha- 
sis. The presence of diabetes mellitus, 
hypertension, or a limited number of 
patent vessels distal to the popliteal 
did not adversely affect our results. 
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Discussion 


RoGER F. Smit, MD, Detroit: Progress 
in the surgical treatment of femoro- 
popliteal occlusive disease has occurred as 
the result of recognizing the need for more 
extensive reconstructive techniques in an 
attempt to improve late cumulative pa- 
tency rates, and also in order to extend the 
benefits of direct reconstructive surgery to 
more patients with diffuse occlusive le- 
sions. Now an effort is being made to in- 
crease limb salvage in formerly inoperable 
patients destined to have a major amputa- 
tion. 

During the past six years, we have per- 
formed 61 infrapopliteal vein bypasses. 
The length of observation ranges from 3 to 
72 months. There was one operative death 
in this series from a pulmonary embolism, 
for an operative mortality of less than 2%. 
Our immediate success rate is 82%, with a 
decline in patency to 65% at six months, 
49% at one year, 42% at two years, and 44% 
at three years of observation. These fig- 
ures are quite comparable to those just re- 
ported. Forty-six of our 61 patients (65%) 
were classified as grade 3 disease. Amputa- 
tion was avoided in 39 of this group for a 
limb salvage rate of 85%. I would agree 
with the authors that there is no signifi- 
cant difference in behavior between the an- 
terior and posterior tibial types of recon- 
struction, but I would like to suggest that 
although the peroneal artery is not as ana- 
tomically accessible, it has been a very suc- 
cessful site for distal anastomosis as all 15 
of our femoroperoneal bypasses have re- 
mained patent. 

The emphasis that the University of 
Michigan group has placed on intraopera- 
tive arteriography seems to be justified, 
and certainly the ability to demonstrate a 
patent distal arterial bed should have fa- 
vorable prognostic significance. We often 
perform a preoperative phlebogram in or- 
der to determine if the greater saphenous 
vein is suitable to be used as a graft. A sat- 
isfactory vein graft is obviously an essen- 
tial ingredient for any femorotibial bypass 
operation. 

It has been our practice to observe all 
our patients with open grafts by postoper- 
ative angiography at regular intervals. By 
so doing, we have discovered structural de- 
fects in the vein grafts in a significant 
number of cases. Some of these findings 
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represent technical faults, some are intrin- 
sic abnormalities of the vein, and some are 
acquired atherosclerotic lesions. When a 
major defect is identified, and certainly if 
it shows any tendency to progress, it 
should be surgically corrected in order to 
preserve graft patency. Careful and crit- 
ical angiographic follow-up of all vein 
grafts would therefore appear mandatory. 

The early results of femorotibial bypass 
grafting have been gratifying and impres- 
sive in achieving limb salvage, but at this 
time the long-term results are not known. 
It appears, however, that they do not per- 
form quite as satisfactorily: as the stan- 
dard femoropopliteal bypasses. Con- 
sequently, we also only utilize this 
technique in patients with advanced dis- 
ease when limb viability is threatened. 

Victor M. BERNHARD, MD, Milwaukee: 
We have had a comparable series of 
slightly over 60 femorotibial grafts, and 
our late results are almost identical with 
those of the authors’ and those reported 
just now by Dr. Smith. It is rather remark- 
able that as we observe these cases, our 
long-term follow-up statistics are so nearly 
identical. 

We concur with the authors in their se- 
lection of patients, reserving this proce- 
dure for those who are in jeopardy of los- 
ing their limb. We differ little regarding 
technique, except that we routinely do a 
sympathectomy at the time of the bypass 
if one hes not previously been done. We 
feel this augments the flow in the immedi- 
ate postoperative period and may reduce 
the immediate thrombosis rate. 

We approach the peroneal artery 
through a lateral incision, rongeuring off 
of the posterior ridge of the fibula, which 
permits rapid and easy access to this ar- 
tery. We frequently use the peroneal ar- 
tery, but many of our cases have not 
stayed open, which is in contrast to the ex- 
perience reported. 

Our group has been interested in doing 
flow studies on these grafts at surgery and 
comparing them with similar studies done 
in femoropopliteal grafts. Not only is the 
base line flow important, but also the peak 
flow measured just after the injection of 10 
mg papaverine hydrochloride. 

We have studied 26 tibial bypasses with 
a base line flow of 91 ml/min, and augmen- 
tation to 150 ml/min after papaverine. Fem- 
oropopliteal grafts, 25 in number, had an 
average flow of 100 with an augmentation 
to 184. This minimal difference is not sta- 
tistically significant, suggesting that the 
tibial bypass perfuses essentially the same 
volume of tissue as the femoropopliteal. 
This is probably the major reason for our 
good results. 

When we tried to use the flowmeter 


studies as a prognostic guide, only three of I 


our studied grafts thrombosed in the ‘ini- 
tial 30-day period, but the flow was signifi- 
cantly reduced to a base line of 61 and an 
augmentation to 89. On the other hand, 
those which remained open for over a year 
had a base line flow of 100 and augmented 
flow of 174. These differences are signifi- 
cant. 

Although we were unable to correlate 
our flows with the angiographic findings, it 
is very interesting to note that Dr. Kahn 
and his group have a high degree of corre- 
lation with patency of the plantar arch. 

JAMES M. STOKES, MD, St. Louis: These 
excellent results are most encouraging. I 
would like to ask the authors, if they iden- 
tified those grafts by the upper, the mid, 
and the lower third of the leg in the distal 
anastomosis, how many were in the ankle, 
how many were in the middle third, and 
how many were in the proximal one-third. 

Secondly, we investigated the penalty 
for failure—that is, those patients who had 
a graft for ischemic limb and who later 
had to have amputation. In 150 primary 
amputations and in 25 failures of graft to 
salvage the limb, we found the hospitaliza- 
tion time and morbidity increased, but the 
total mortality not appreciably changed. 

I wonder if the authors have a mortality 
figure on the patients who did require am- 
putation. 

Dr. KAHN: I would like to thank Drs. 
Smith, Bernhard, and Stokes for their re- 
marks. i 

Concerning our experience with per- 
oneal artery bypass, there have been too 
few to make any conclusive statements. 
We observed our patients with Doppler ex- 
amination and, when indicated, postopera- 
tive arteriography. 

Dr. Bernhard asked about sympathec- 
tomy preoperatively. No, we have not done 
this routinely. We have done some flow 
studies, and they parallel his results. 

Dr. Stokes asked about the level of the 
bypass. Five percent were to the central 
portion of the vessel, 5% to the proximal ti- 
bial vessel, and 90% to the distal third of 
the tibial vessel. 

Our amputation and death rate follow- 
ing operation includes all patients who 
were observed, whether their bypass suc- 
ceeded or failed, so all patients who had 
amputation are included in the 3% mortal- 
ity. The morbidity is certainly much 
greater for those patients with an unsuc- 
cessful graft, averaging 61 days in the hos- 
pital as opposed to 13 days in the hospital 
with a successful graft. 

In conclusion, I would like to emphasize 
the importance of the patent vascular arch 
and intraoperative completion angiogra- 


phy. 
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Colonization of the Respiratory Tract 


and Postoperative Pulmonary Infections 


The Valu= cf Intraoperative Endotracheal Aspirate Cultures 


James D. Seherker, MD, Charles A. Hubay, MD, Cleveland ` 


In 151 pattemt; undergoing abdominal 
surgery, the bactemoiogic status of the lower 
respiratory tra= atthe time of operation was 
determined Dyumeans of an endotracheal as- 
pirate culture. A geod correlat on was found 
between the ex:stenee of chranic bronchitis 
as determined br respiratory history and by 
pulmonary function tests and the presence 
of bacteria, beth sathogenic and nonpath- 
Ogenic, in tae ‘ower respiratory tract. 
Among 11 patiencs with pathogens in the 
endotracheal aspirate, six of 54% developed 
postoperative culmonary infections, where- 
as only 1.8% e- those with no pathogens in 
the aspirate @ereoped infections. In four 
Cases, preope-ative antibiotic therapy was 
associated wit resistant pathogens in the 
endotracheal aspirate and postoperative pul- 
monary infectior. Jn the basis of this study, 
an endotracheal spirate culture is recom- 
mended in patients with chronic pulmonary 
disease. The Solation of a pathogen alerts 
the surgeon tc *hehigh risk of pulmonary in- 
fection with the same organism. 


ulmonary iafections may result 
from tae spread of bacteria to 
the lungs fron sites within or exter- 
nal to the petient.'’ This study was 
designed in erder to. determine 
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whether the presence of bacteria in 
the lower respiratory tract at the 
time of surgery is a factor in causing 
postoperative pulmonary infections. 
The lower respiratory tract, normally 
free of bacteria, may become colo- 
nized in association with chronic ob- 
structive pulmonary disease.’ In 
this study, the prevalence of patho- 
genic bacteria in this area was corre- 
lated with the preoperative pulmo- 
nary condition and with the incidence 


of postoperative pulmonary infec-: 


tions. 


Materials and Methods 


During a three-month period, 151 
patients undergoing abdominal procedures 
with endotracheal anesthesia were studied. 
Fifty-seven were men and 94 women with 
ages ranging between 17 and 90 years. In- 
formed consent was obtained from each 
patient. 

Preoperative pulmonary function tests 
were performed using an electronic spi- 
rometer. Forced expiratory one-second vol- 
ume (FEV,) and forced vital capacity 
(FVC) were determined. These results 
were compared randomly with those ob- 
tained with a mechanical spirometer and 
were found to agree within 10% in each in- 
stance. The highest of three deter- 
minations of FEV, was selected for com- 
parison with the mean expected value of 
FEV., based on the patient’s age, sex, and 
height.® Patients were also divided accord- 
ing to the ratio of FEV, to FVC, which is a 
more sensitive indicator of obstructive pul- 
monary disease than FEV, alone. An ob- 


served FEV, more than two standard de- 
viations (SDs) below the mean expected 
value or a ratio of FEV, to FVC below 70% 
was considered distinctly abnormal.’ 

The preoperative pulmonary condition 
was also evaluated using a questionnaire 
dealing with respiratory symptoms similar 
to that employed by the British Research 
Council”! and by Bower. The infòrma- 
tion obtained from the questionnaire was 
used to determine the severity of chronic 
pulmonary disease as follows: Patients 
having bronchitis were identified as having 
(a) none, (b) mild bronchitis, ie, coughed 
rarely at any time of the day and occasion- 
ally cough produced sputum, or (c) moder- 
ate to severe bronchitis, ie, cough produced 
a tablespoon or more of sputum each day. 
Patients having chest colds were identified 
as having them (a) never or very rarely, (b) 
less than once each year, and (c) once or 
more each year. Smoking habits (with in- 
haling) of patients were identified as (a) 
none, (b) less than half a pack of cigarettes 
smoked each day, (c) more than half a pack 
of cigarettes smoked each day, and (d) 
past history of smoking (before three 
months ago). 

The questionnaire also included ques- 
tions regarding wheezing, past history of 
pneumonia, sinus trouble, and exercise tol- 
erance, which was not as useful in deter- 
mining the severity of underlying pulmo- 
nary disease in this population of patients. 

In 125 patients, the bacteriologic status 
of the lower respiratory tract was deter- 
mined by culturing secretions aspirated 
from the trachea through the endotracheal 
tube during the operation. In order to min- 
imize the risks of hypoxia, the patients 
were ventilated with 100% oxygen for 30 
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seconds prior to obtaining the specimen.” 
The endotracheal tube was then dis- 
connected from the anesthesia apparatus. 
Using sterile technique, 5 ml of normal sa- 
line was injected through the endotracheal 
tube. A No. 10 French suction catheter con- 
nected to a Luken tube was gently passed 
through the endotracheal tube as far as 
possible into the trachea and bronchi. Suc- 
tion was applied as the catheter was with- 
drawn. Within 15 seconds, the endotra- 
cheal tube was reconnected and the patient 
ventilated. Secretions mixed with saline 
passed through the catheter into the Luken 
tube. In order to collect as much of the 
mucus lining the catheter as possible, 1 ml 
of beef broth culture medium was aspi- 
rated through the catheter. Since topical 
anesthetics have been shown to inhibit 
bacterial growth, they were not used as ad- 
juncts to endotracheal anesthesia to spray 
the pharynx or vocal cords.?!?? 

In 29 cases, the aspiration technique de- 
scribed above was compared with another 
method of determining the bacteriologic 
status of the lower respiratory tract. After 
extubation, the wall of the lumen of the 
distal end of the tube was swabbed. This 
swab was immersed in 1.0 ml of beef broth, 
which had been poured through the en- 
dotracheal tube and collected in a sterile 
tube. In this way, secretions that collected 
inside the endotracheal tube during sur- 
gery were cultured. 

For both the aspirate and swab tech- 
niques, the specimens were planted on 
blood agar plates, using cotton swabs, and 
incubated aerobically and anaerobically. 
Chocolate agar plates were also used for 
specimens obtained from patients with a 
history of bronchitis in order to enhance 
the growth of Hemophilus influenzae. 
Plates that had no growth after 24 hours 
were incubated another 24 hours. Those 
with three colonies or less of any orga- 
nism after 48 hours were reported as 
“no growth.” Plates with normal throat 
flora, eg, Neisseria catarrhalis, strepto- 
coccus viridans, nonhemolytic streptococci, 
or Staphylococcus albus, were recorded as 
“slight normal throat flora” (SNTF) for 
less than 100 colonies, and “normal throat 
flora” (NTF) for greater than 100 colonies. 
If pure pathogenic bacteria were present, 
the results were reported as “few patho- 
gens” (FP) for less than ten colonies and 
“many pathogens” (MP) for greater than 
ten colonies. Another category was pro- 
vided for pathogens mixed with NTF. 
Gram-negative, lactose-fermenting orga- 
nisms were reported as coliforms and not 
further identified as Escherichia coli or 
Klebsiella-Aerobacter species.** 

Postoperatively, the care of each patient 
was supervised by his surgeon. Routine 
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measures to prevent pulmonary complica- 
tions included coughing and breathing 
exercises and early ambulation. The diag- 
nosis of pulmonary infection was made on 
the basis of clinical signs, chest x-ray 
films, and findings from sputum cultures 
and smears. 

A computer was used to help tabulate 
and correlate results. Statistical signifi- 
cance was judged using the x’ test. 


Results 


Interrelation of Respiratory Symp- 
toms and Pulmonary Function Tests.— 
The history of chronic bronchitis was 
correlated with the history of ciga- 
rette smoking. The average number 
of cigarettes smoked each day, but 
not the number of years of smoking, 
was considered. Patients with a past, 
but not present, history of smoking 
were excluded from the statistical 
analysis (Table 1). Of the 41 patients 
who smoked greater than ten ciga- 
rettes per day, 27% had moderate to 
severe bronchitis, whereas of the 64 
who had no history of smoking, only 
2% had this degree of bronchitis. A 
similar relation between smoking and 
frequency of chest colds was found 
(Table 1). 

Pulmonary function tests were per- 
formed preoperatively on 130 pa- 
tients. Patients with acute abdominal 
diseases were not asked to perform 
these tests. A good correlation was 
found between the history of bron- 
chitis and the impairment of pulmo- 
nary function (Table 2). Of the 16 
patients with moderate to severe 
bronchitis, 44% had an FEV, more 
than 2 SDs below the mean expected 
value, whereas only 16% of the 86 pa- 
tients with no history of bronchitis 
had this degree of impairment. The 
correlation between FEV,/FVC and 
the history of bronchitis was also 
highly significant (Table 2). 

Relation of Respiratory Symptoms 
and Pulmonary Function Tests to Re- 
sults of Endotracheal Aspirate Cul- 
tures.—Among the 125 patients from 
whom endotracheal aspirate eultures 
were obtained, 53 had no growth, 34 
had SNTF, 25 had NTF, six had path- 
ogens mixed with NTF, two had FP, 
and five had MP. Of the 13 patients 
with pathogens identified, two had 
two pathogens and the other 11 had 
one pathogen isolated from the en- 


dotracheal aspirate. Coliforms were 
isolated in five cases, Pseudomonas 
aeruginosa in two, H influenzae in 
four, Diplococcus pneumoniae in two, 
and Proteus and Neisseria men- 
ingitidis in one each. 

A good correlation was found be- 
tween the history of bronchitis and 
the prevalence of pathogens in the 
endotracheal aspirate (Table 3). Of 
the 16 patients with moderate to se- 
vere bronchitis, 31% had pathogens, 
whereas only 4% of the 79 with no his- 
tory of bronchitis had pathogens. 
Among the 102 patients who had both 
endotracheal aspirate cultures and 
pulmonary function tests, a signifi- 
cant correlation was found between 
an abnormal FEV, and the presence 
of pathogens in the endotracheal as- 
pirate (Table 3). It is interesting to 
note that patients with a history of 
moderate to severe bronchitis or ab- 
normal FEV, also had a higher preva- 
lence of both pathogenic and non- 
pathogenic bacteria in the lower res- 
piratory tract. 

Relation Between Prevalence of 
Pathogens in the Endotracheal Cultures 
and Postoperative Pulmonary Infec- 
tion.—Among the 151 patients in this 
study, pulmonary infection developed 
in eight: five with pneumonia and 
three with acute bronchitis (Tables 4 
and 5). The diagnosis of infection was 
established on the basis of clinical 
signs and findings from sputum 
smears and cultures. Gram-stained 
sputum smears showed abundant 
neutrophils and bacteria whose mor- 
phology and stainimg properties cor- 
responded with the pathogens iso- 
lated from the sputum culture. The 
diagnosis was made independently of 
the results of endotracheal aspirate 
cultures. Acute bronchitis was differ- 
entiated from pneumonia by the ab- 
sence of pulmonary infiltrate on a 
chest x-ray film. 

Of the eight patients developing 
pulmonary infection, six had a his- 
tory of moderate te severe bronchitis 
and abnormal results from pulmonary 
function tests. The incidence of pul- 
monary infection was correlated in 
retrospect with the results of the en- 
dotracheal aspirate cultures. A highly 
significant correlation was found. 

Of the 11 patients with pathogens 
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* x? = 15.66, df = 4, P<.01. 
t x?=1 .08,df =4, P = .05. 


ee mer OLT S 
+ E pe 


% With 
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% With 
Chest Colds 
Once or More 
Each Yeart 


Patients whe had a past history of smoking were omitted from the statistical analysis. 


in the erlotracrvea! aspirate, six or 
54% develeped ir fections. Only one of 
58 or 2% with ne growth in the aspi- 
rate deveoped pr=umonia (Table 4). 
Two patients wta pathogens in the 
aspirate snd serere pulmonary com- 
plications were omitted from the 
analysis in Table 4. One of these pa- 
tients aspirated gastric contents dur- 
ing anestaesia. Odiforms mixed with 
NTF were cultured from the material 
aspirated from the endotracheal tube. 
The other pa-iett with H influenzae 
mixed weh NTF cultured from the 
endotracheal aspirate had a pulmo- 
nary embelus postoperatively. In both 
of these eases, the postoperative pul- 
monary cempiicatsons were related to 
facters œher tian the presence of 
pathogens im tae lower respiratory 
tract. 

If the =oncenttration of pathogens 
in the assiraze s considered, all five 
of those with many pure pathogens, 
neither œ the =o with a few pure 
pathogens, and anly one of four of 
those w&h pachpgens mixed with 
NTF developed palmonary infections 
(Table 5). In four vatients (3, 4, 6, and 
7) the pathogen is lated from the spu- 
tum at tae tm: bf clinical infection 
was the Sime as that found in the as- 
pirate at the time of surgery. In pa- 
tient 8 wath coliferms in the sputum 
and H influenze and D pneumoniae 
in the asvirate, the sputum specimen 
had beer ebta ned after initiating 
treatmere witt penicillin G potas- 
sium. As 4 result, the penicillin-sensi- 
tive D pnewmereae may not have 
been isotec. In patient 5, a heavy 
pure growth of « meningitidis was 
isolated from the aspirate and D 
pneumoreae was sound in the sputum. 
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The sputum specimen was stored in 
the refrigerator overnight before 
being planted on blood and chocolate 
agar plates. Neisseria meningitidis, a 
fastidious organism, may not have 
survived the nonideal conditions. 
Therefore, the pathogens in the aspi- 
rates in cases 5 and 8 may have been 
the primary organisms causing the 
infections even though they were not 
isolated from the sputum. 

Among the 29 patients in whom 
both the aspiration and swab tech- 
niques were employed, pathogens 
were isolated in six patients with the 
swab technique and only in two pa- 
tients with the aspiration method 
(Table 6). Among these, the one pa- 
tient in whom clinical infection devel- 
oped had pathogens in the aspirate as 
well as in the swab specimens. There- 
fore, the isolation of pathogens from 
the aspirate as compared with the 
swab was associated with a higher 
probability of postoperative pulmo- 
nary infection. 

The development of pulmonary in- 
fections was also related to previous 
antibiotic treatment. Nineteen pa- 
tients in this study received prophy- 
lactic antibiotics. Twelve of them had 
sputum cultures and pathogens grew 
from seven, all of which were resist- 
ant to the prophylactic antibiotics. 
Five of these patients (cases 1, 2, 4, 6, 
and 7) developed pulmonary infec- 
tions with resistant bacteria. One 
other patient (case 3) who developed 
infection with a resistant organism 
was receiving antibiotics for treat- 
ment of an intra-abdominal infection. 
Therefore, six of eight pulmonary in- 
fections in this study were produced 
by bacteria resistant to the anti- 


Table 2.—Prevalence of Abnormal 
Pulmonary Function Test Results 
(FEV, and FEV,/FVC) in Relation 

to History of Bronchitis 


% With 

% With Abnormal 
Abnormal FEV:/FVCt 
FEV:* (<70%) 


History 
of 


Bronchitis No. 
None 86 
Slight 28 
Moderate 

to severe 16 


* x2 = 6.5, df = 2, P < .05. 
t x? = 17.6, df = 2, P < .01. 





Table 3.—Results of Endotracheal 
Aspirate Cultures in Relation to 
History of Bronchitis and Forced 

Expiratory One-Second 
Volume (FEV)) 


Endotracheal Aspirate 
Cultu 


tients NTF 


History of 
bronchitis* 
None 73 
Slight 
Moderate 16 
FEViT 
Normal 
Abnormal 29 


* x?= 16.3, df = 4, P < .01. 
t x? =8.4, df = 2, P < .02. 





Table 4.—Incidence of Pulmonary 
Infections in Relation to 
Endotracheal Aspirate Culture 
Results * 


Endotracheal 
No. of 
Patients 


Aspirate 
Culture 


No growth 1 (2%) 
SNTF 0 (0%) 
NTF 1 (4%) 
Pathogenst 6 (54%) 





*P=.01. 

t Omitted from this row are a patient with 
aspiration pneumonia and one with pulmo- 
nary embolus. 


biotics the patients had been receiv- 


ing. 

Four of these patients (cases 8, 4, 6, 
and 7) received preoperative as well 
as postoperative antibiotics. Resist- 
ant bacteria were isolated from the 
endotracheal aspirate, suggesting 
that bacterial overgrowth had oc- 
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Table 5.—Results of Endotracheal Cultures in Relation to 
Postoperative Pulmonary Infections 


Results of renter Corresponding 
Endotracheal Case Pulmonary Pathogen in 
Aspirate (No.) No. Infection aoh Aspirate 
No growth or 1 Pneumonia Pseudomonas ”* None 
NTF 2 Pneumonia Coliforms* None 
(112) 
Pathogens and 3 Pneumonia Coliforms* Coliforms * 
NTF (mixed)t 
(4) 
Few pure None None None 
pathogens (2) 
Many pure 4 Pneumonia Coliforms* Coliforms* 
eit 5 Pneumonia D pneumoniae N meningitidis 
) 
Bronchitis Pseudomonas* Pseudomonas* 






Bronchitis 





Bronchitis 














Proteus and 
coliforms* 
H influenzae and 
D pneumoniae 


Proteus and 
coliforms* 


Coliforms 


* Pathogens resistant to the antibiotics the patient had been receiving. 


t One patient with aspiration pneumonia and another with pulmonary embolism were 
omitted from this row. 
















Table 6.—Comparison of Endotracheal Aspirate and 
Swab Cultures in 29 Patients 


Pathogens Pathogens in Pathogens in 
in Swab and Swab But Not Both Swab and 
Aspirate in Aspirate Aspirate 
Cultures Cultures Cultures 
No. of 
cases 23 4 2 
Types of 
pathogens Coliforms (2) H influenzae (1) 








Proteus (1) Pneumococci and 
Group A £- H influenzae (1)* 
hemolytic 
streptococci 
(1) 








* Only case (No. 8) in which pulmonary infection developed. 


curred by the time of surgery. In the 
other two patients (cases 1 and 2), 
postoperative, but no preoperative, 
antibiotics were administered and the 
endotracheal aspirate was sterile. The 
pulmonary infections in these pa- 
tients may have resulted from an 
overgrowth in the postoperative pe- 
riod (Table 4). In all except patient 1, 
who died with Pseudomonas pneu- 
monia and septicemia, improvement 
occurred with institution of appropri- 
ate antibiotic therapy. 


Comment 


Multiple factors contribute to the 
development of postoperative pulmo- 
nary infections. In this study, the im- 
portance of chronic pulmonary dis- 
ease, colonization of the lower 
respiratory tract, and prophylactic 
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antibiotics were considered. Six of 
eight patients who developed infec- 
tions had moderate to severe bron- 
chitis, abnormal pulmonary fumction 
test results, and pathogenic bacteria 
in the endotracheal aspirate. Another 
factor that is associated with pulmo- 
nary infections is the administration 
of broad-spectrum antibiotics.” Six 
patients in this study received anti- 
biotics prior to the onset of pulmo- 
nary infection. Other factors such as 
advanced age, underlying illnesses, 
and long surgical procedures have 
been shown to increase the risk of 
pulmonary complications.’ The 
eight patients who developed pulmo- 
nary infections were over 55 years of 
age and had some underlying chronic 


illness other than bronchitis. Seven of 


them had operative procedures of 


greater than three hours’ duration. 
This study indicates that one mech- 
anism by which chronic obstructive 
pulmonary disease predisposes to 
postoperative pulmonary infections is 
through colonization of the lower res- 
piratory tract by pathogenic bacteria. 
Bronchoscopic techniques have shown 
that secretions from the bronchi of 
patients with chronic bronchitis have 
a high incidence of pathogens, espe- 
cially H influenzae and D pneu- 
moniae.**? These same organisms are 
responsible for acute exacerbations in 
these patients.*>** More recently, 
specimens obtained by transtracheal 
aspiration have indicated a lower fre- 
quency of pathogens in chronic bron- 
chitis than those obtained through 
the bronchoscope.'*® This study sug- 
gests that there is not only a higher 
prevalence of potentially pathogenic 
bacteria in the bronchi of patients 
with bronchitis, but that there is also 
a higher prevalence of normal throat 


flora (Table 2). There is a generalized 


decreased clearance of both patho- 
genic and nonpathogenic bacteria 
from the lower respiratory tract in 
bronchitis. 

Smoking was associated with more 
severe bronchitis and more frequent 
chest colds in this study. Inhalation of 
tobacco smoke has been shown exper- 
imentally to decrease the bacterial 
clearance from the respiratory tract.** 
Other factors that impair clearance 
mechanisms of the lung include viral 
infections, hypoxia, and alcohol- 
ism.**:36 

Colonization of the pharynx by 
Gram-negative bacteria, which may 
precede colonization of the lower res- 
piratory tract, occurs in critically ill 
patients” and in patients receiving 
antibiotics.*:***-*!| In general, the 
overgrowth of the pharynx by resist- 
ant organisms in itself does not con- 
traindicate continuing use of the an- 
tibiotic. However, in patients with 
chronic bronchitis, colonization and 
overgrowth by pathogens can extend 
from the pharynx to the lower res- 
piratory tract. Under these circum- 
stances, acute pulmonary infection 
ean occur. Four patients in this study, 
who were treated preoperatively with 
antibiotics, had resistant pathogens 
in the endotracheal aspirate and later 
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H developed pulmonery infections with 


the same argar isms. 

The major advantage of the en- 
dotracheal asoiraxe over a sputum 
specimen is tne reduced contamina- 
tion of the specraen by pharyngeal 
organisms. The sputum may also fail 
to yield pathogens that are present in 
the lower rescirasory traet.***** The 
endotracheal swal method compared 
with the aspirate is probably also 
associatee wiza a higher rate of con- 
tamination >y mouth and throat 
pathogens. Tie only patient with 
pathogens in the endotracheal swab 
to develop a palmmnary infection also 
had pathegens im the aspirate. This 
finding imdicated the greater signifi- 
cance of the ‘soacion of pathogens in 
the aspirate. The endotracheal aspi- 
rate is similar t) the transtracheal 
aspirate in ts ability to reveal the 
true bactericbogic state of the bron- 
chi. == Redmaa and Lockey* cul- 
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tured the tips of endotracheal tubes 
of patients who underwent open and 


closed heart surgery. Despite the iso- 
lation of Gram-negative pathogens in 
some patients, none developed pulmo- 
nary infections. These cultures may 
have represented colonization of the 
pharynx and not of the lower respira- 
tory tract. 

On the basis of this study, an en- 
dotracheal aspirate is recommended 
in patients with underlying pulmo- 
nary disease, because of the high rate 
of colonization of the lower respira- 
tory tract by pathogens. The results 
of the aspirate can help select the ap- 
propriate antibiotic postoperatively. 
The isolation of a pathogen alerts the 
surgeon to the. risk of pulmonary in- 
fection with the same organism. An- 
tibiotic sensitivities can be available 
within 24 to 48 hours of surgery. If 
clinical pulmonary infection develops, 
immediate appropriate antibiotic 


References 


13. Pecora DV, Yegian D: Bacteriology 
of the lower respiratory tract in health and 
ct diseases. N Engl J Med 258:71-74, 

14. Pecora DV: Method of securing un- 
contaminated tracheal secretions for bac- 
terial examination. J Thorac Cardiovasc 
Surg 37:653-654, 1959. 

15. Pecora DV: Comparison of trans- 
tracheal with other methods of deter- 
mining the bacterial flora of the lower res- 
pra? tract. N Engl J Med 269:664-666, 


16. Berglund E, et al: Spirometric stud- 
ies in normal subjects. Acta Med Scand 
173:185-191, 1963. 

17. Medical Research Council’s Com- 
mittee on Research Into Chronic Bron- 
chitis: Questionnaire on Respiratory 
Symptoms. London, Postgraduate Medical 
School, 1966, 

18. Medical Research Council’s Com- 
mittee on Research Into Chronic Bron- 
chitis: Instructions for the Use of the Ques- 
tionnaire on Respiratory Symptoms. 
Dawlish, Devon, England, WJ Holman 
Ltd, 1966. 

19. Bower G: Respiratory symptoms and 
ventilatory function in 172 adults em- 
pae m a bank. Am Rev Resp Dis 83:684- 


20. Berman IR, Stahl WM: Prevention 
of hypoxic complications doring endotra- 
cheal suctioning. Surgery 63:586-587, 1968. 

21. Erlich H: Bacteriologic studies and 
effects of anesthetic solutions on bronchial 
secretions during bronchoscopy. Am Rev 
Resp Dis 84:414-421, 1961. 

22. Schmidt RM, Rosenkranz HS: Anti- 
microbial activity of local anesthetics: 
Lidocaine and procaine. J Infect Dis 
121:597-607, 1970. 

23. Edwards PR, Ewing WH: Identi- 





therapy can be instituted. 


This study supports a previous re- 
port that indicated the treatment 
with prophylactic antibiotics pre- 
disposes to postoperative pulmonary 
infection. Some patients who de- 
velop pulmonary infections while re- 
ceiving prophylactic antibioties may 
have resistant organisms in the lower 
respiratory tract even before starting 
therapy. As demonstrated in this 
study, the presence of these patho- 
gens can be detected with an endotra- 
cheal aspirate culture. If prophylactic 
antibiotics are instituted postopera- 
tively to prevent nonpulmonary or 
pulmonary infections, the antibiotic 
sensitivities of the aspirate patho- 
gens should be considered. Otherwise, 
overgrowth and pulmonary infection 
can result. 


Members of the Department of Anesthesi- 
ology and the Bacteriology Laboratory aided in 
carrying out this study. 


fication of Enterobacteriaceae, ed 2. Min- 
neapons, He bn Publishing Co, 1962. 

. Finland M, Jones WF, Barnes MW: 
Occurrence of serious bacterial infections 
since introduction of antibacterial agents. 
JAMA 170:2188-2197, 1959. 

25. Tillotson JR, Finland M: Bacterial 
colonization and clinical superinfection of 
the respiratory tract complicating anti- 
biotic treatment of pneumonia. J Infect 
Dis 119:597-624, 1969. | 

26. Fetzer AE, Werner AS, Hagstron 
JWC: Pathologic features of pseudomonal 
og pga Am Rev Resp Dis 96:1121-1130, 


27. Petersdorf RG, et al: A study of an- 
tibiotie prophylaxis in unconscious pa- 
tients. N Engl J Med 257:1001-1009, 1957. 

28. Weinstein L: The spontaneous occur- 
rence of new bacterial infections during 
the course of treatment with streptomycin 
or penicillin. Am J Med Sci 214:56-63, 1947. 

. Weinstein L, Goldfield M, Chang T: 
Infections occurring during chemotherapy: 
A study of their trognon, type and pre- 
caponng factors. N Eng ed. 251:247- 


30. Fried MA, Vosti KL: The importance 
of underlying disease in patients with 
Gram-negative bacteremia. Arch Intern 
Med 121:418-423, 1968. i 

31. Latimer RG, et al: Ventilatory pat- 
terns and pulmonary complications after 
upper abdominal surgery determined by 
preoperative and- postoperative comput- 
erized spirometry and blood gas analysis. 
Am J Surg 122:622-632, 1971. 

32. Dripps RD, Deming MV: Postopera- 
tive atelectasis and pneumonia. Ann Surg 
124:94-110, 1946. 

33. Keith TA, Schreiner AW: Hemo- 
philus influenzae in adult bronchopulmo- 
nary infection. Ann Intern Med 56:27-38, 


Postoperative Pulmonary Infections/Schlenker & Hubay 317 


1962. 

34. Kass EH, Green GM, Goldstein E: 
Mechanisms of antibacterial action in the 
respiratory system. Bacteriol Rev 30:488- 
496, 1966. 

35. Laurenzi GA, et al: Clearance of bac- 
teria by the lower respiratory tract. Seci- 
ence 142:1572-1573, 1963. 

36. Green GM, Kass EH: Factors influ- 
encing the clearance of bacteria by the 
lung. J Clin Invest 43:769-776, 1964. 

_ __ 37. Johanson WG, Pierce AK, Sanford 

JP: Changing pharyngeal bacterial flora of 
hospitalized patients. N Engl J Med 
281:1137-1140, 1969. 

38. Meads M, Rowe WP, Haslam NM: 


WALTER J. Portes, MD, Cleveland: The 
important point here is, that the authors 
have reemphasized the lung as another im- 
portant reservoir for infection and have 
shown that prophylactic antibiotics can be 
much more of a hazard than a benefit. 

Yesterday we heard Dr. Cruse tell us 
that the number of infections increased 
with length of stay. I wonder whether the 
pulmonary flora also change with length of 
stay and whether “pulmonary toilet” is ef- 
fective in changing tracheobronchial flora. 

RoBert T. Tiprick, MD, Toledo, Ohio: 
This is a good experimental design. Ob- 
taining of cultures by this technique ob- 
viates some of the difficulties of dipping 
the end of the endotracheal tube in saline 
or in broth at the end of an operation. 

I have one question in relation to their 
experiment. We might call their experi- 
ment “Operation Headstart,” as they have 
indicated in the summary. The procedure 
should also include making smears at the 
time of obtaining the culture. Sometimes 
the smear gives microbiologists an early 
opportunity to tell the predominant nature 
of the bacterial flora. | 

The implications are clear in relation to 
the headstart aspect of giving almost 48 
hours of lead time in relation to those pa- 
tients who are clearly identified in this nice 
study, to be the ones who are highly vul- 
nerable to postoperative pulmonary com- 
plications. Fifty-four percent in this series 
is pretty significant, even though the 
sample of those who had severe pulmonary 
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Discussion 


disease is relatively small. The difference 


between the 54% and 2% of those who had - 


negative cultures, or no growth, is inter- 
esting and significant. 

There is one other small question in rela- 
tion to the experiment, and that is whether 
the cultures were all taken at the same 
time in relation to the endotracheal intuba- 
tion. This can be viewed in two lights. In 
general, it is preferable to take it before 
the endotracheal tube is severely contami- 
nated within its lumen, as occurs after sev- 
eral hours of intubation. 

On the other hand, some might argue 
that it would be better to take it toward 
the end of an operation, especially a long 
operation, because there would be more 
gravitation of purulent material out of the 
smaller bronchi and toward the end of the 
tube or in the pool. I think in general, how- 
ever, the means of getting precise infor- 
mation would be better served by getting 
cultures early. i 

We can all take home a message from 
this, and that is that in the high-risk pul- 
monary patient this technique that Drs. 
Schlenker and Hubay have shown should 
be a part of our working armamentarium 
in thise high-risk patients, and give us, 
therefore, two days’ lead time, at least, in 
relation to the knowledge of what orga- 
nisms are causing trouble in the postopera- 
tive period. 

JAMES SCHLENKER, MD: Dr. Pories asked 
about the length of stay influencing the 
colonization. It has been shown that pa- 
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tients who are either critically ill or have 
been in the hospital often develop coloniza- 
tion of the nasopharynx and throat with 
Gram-negative organisms. If these same 
patients have a decreased clearance of bac- 
teria from the lower respiratory tract, one 
can expect increased colonization of the 
lower respiratory tract with these same 
pathogens. | 

Postoperative pulmonary toilet, of 
course, is still the mainstay in preventing 
pulmonary infections. Our technique in no 
way replaces the routine postoperative 
measures. 

Whether the toilet can in some way 
change the flora of the lower respiratory 
tract is not known from our data, but it 
can be assumed that if the clearance from 
the lower respiratory tract is increased, at 
least the numbers of bacteria ean be re- 
duced. 

Dr. Tidrick asked about making smears 
of the aspirate specimens. We tried this in 
some of the patients, but found that bac- 
teria were rarely visualized with certainty, 
even when the cultures of the specimens 
were positive. In patients who had chronic 
bronchitis, polymorphonuclear cells were 
often seen on smear. 

We took most of our cultures at the end 
of the operation, just before the abdomen 
was closed. This was an opportune time, 
because the anesthetist generally gave ad- 
ditional curate. As a result, there was a 
lower incidence of “bucking” from the suc- 
tion catheter in contact with the carina. 
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Preoperative Antibiotics 


in Bihary Surgery 


Stuart H. Chein, ND, Dan W. Elliott, MD, Pittsburgh 


Preoperative: propmylactic cephaloridine 
was evaluated »respectively for its effect on 
bile cultures aad postoperative septic com- 
plications in 8— patients undergoing biliary 
operations. These 34 patients were selected 
as “high risk’” ‘er pestoperative sepsis be- 
cause they wer= ever 70 years of age or had 
acute cholecys its cbstructive jaundice, or 
common duct stones. without jaundice. Such 
patients have p-2vieusly been shown to have 
positive bile cu*wres at operation in 58% to 
72% of cases. 

Cephaloridine n 1m doses, given twice 
before and twi-e fellmwing operation, failed 
to reduce the ~cicemce of positive bile cul- 
tures. However inwasive infections occurred 
in only 4% of <7 ~reated patients, as com- 
pared to 27% ef emilar, but untreated, 
controls. 


fter bilia~y >perations, the inci- 
dence =f ixfectious complica- 
tions appears ic be 40 times greater 
in patients w *hiafected bile than in 
those with Serie bile.: In all infec- 
tious complicatiprs studied, cultures 
of the bleoc. wound, or abscess in 
each case shewsc an organism and 
sensitivities iseatical to those recov- 
ered at operatic from the patient’s 
biliary tree, = cept for two with sec- 
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ondary Candida infections. These 
facts strongly imply that an impor- 
tant cause for these complications is 
the unavoidable contamination of the 
operative wound by infected bile. 
Prephylactic antibiotics have re- 
duced infectious complications after 
other gastrointestinal surgery, pro- 
vided these antibiotics were started 
in the preoperative period.** If this 
principle were applied to biliary sur- 
gery, it would require that everyone 
undergoing cholecystectomy receive 
preoperative antibiotics. This is 
clearty unwarranted and might be 
hazardous. However, it should be pos- 
sible to select certain patients at high 
risk of infectious complications and 
administer preoperative antibiotics to 
them. Four characteristics have been 
identified which will define preopera- 
tively those patients likely to have 
positive bile cultures. These charac- 
teristics and their incidence of posi- 
tive bile cultures are patients over 70 
years of age (72%), those with acute 
choleeystitis (60%), obstructive jaun- 
dice (65%), or common duct stones 
witheut jaundice (58%).' Many pa- 
tients with these characteristics had 
positive bile cultures at operation 
witheut any preoperative signs of fe- 
ver or cholangitis, or intraoperative 
signs of infection. Nevertheless, these 
patients had a 46% rate of infectious 
complications,' and others have re- 
ported similar high rates of infec- 
tion..° Therefore, this study was 
made to determine prospectively 
whether these particular biliary pa- 


tients would benefit from a preopera- 
tive antibiotic treatment program. 


Materials and Methods 


In the one-year period of this study, 245 
biliary operations were performed by a 
number of staff and resident surgeons. Pri- 
vate patients made up 86% of this total. 
During this period, all patients were 
grouped into one of two classifications with 
respect to expected septic complications: 
“low risk” or “high risk.” There were 127 
patients below 70 years of age with a pre- 
operative diagnosis of chronic choleli- 
thiasis. These were classified as low risk 
and did not receive antibiotics prior to or 
during their surgery. There were 84 pa- 
tients in the high-risk group. These con- 
sisted of patients in whom bacteria grew 
from operative cultures of bile in 58% or 
more of the cultured cases. There were 34 
patients over 70 years old, 24 patients with 
acute cholecystitis, 19 with obstructive 
jaundice, and seven with the preoperative 
diagnosis of common duct stone without 
jaundice. The treated high-risk patients 
received 1 gm of intramuscular cephalori- 
dine at midnight before surgery, again 
with the preoperative medications, and 
postoperatively at 6 and 12 hours. This an- 
tibiotic was then discontinued, unless a 
specific complication required further 
treatment. 

Cephaloridine was chosen as having the 
least undesirable side effects while being 
most likely to suppress the organisms pre- 
viously found in the biliary tract. In four 
instances, equivalent or greater doses of 
cephalosporin administered intravenously, 
or ampicillin sodium administered intra- 
muscularly or intravenously were substi- 
tuted. The clinical courses and complica- 
tions experienced by all patients were then 
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‘ Table 1.—Noninfectious 
Complications in 84 High-Risk 


Table 2.—Antibiotics and Bile Cultures in 127 Low-Risk Patients 
(Chronic Cholelithiasis Under Age 70) 
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Patients 


Cepha- 
loridine 
(47 Pa- 
tients) 


No Cepha- 
loridine 
(37 Pa- 
tients) 


Noninfectious 

Complications 
Pulmonary 
Cardiovascular 
Pancreatitis 
Urologic 

Total 





tabulated, either from a retrospective re- 
view of charts, or a postoperative visit to 
the bedside, or both. 

Bile cultures were taken on sterile swabs 
during operation, and placed in tightly 
stoppered tubes. They were innoculated 
the same day on sheep blood agar, Mac- 
Conkey media, brain-heart infusion broth, 
and thioglycollate broth. They were incu- 
bated for aerobic and anaerobic growth. 

With respect to infectious complications, 
three categories were recognized: wound 
infections requiring evacuation or delay- 
ing hospital discharge, intraabdominal ab- 
scesses requiring drainage, and likely sep- 
ticemia demonstrated by a positive blood 
culture or by fever exceeding 38.9 C on 


_ three or more consecutive days. No minor 


stitch or other superficial infections were 
included. 

This study was conducted in a prospec- 
tive manner, but no effort was made to 
blind the observers, since the findings for 
evaluation were objective. High-risk pa- 
tients were arbitrarily chosen to receive 
preoperative antibiotics by virtue of their 
admission to services cared for: by par- 
ticipating resident surgeons. Since these 
residents changed services every three 
months, their patients were drawn from 
most of the senior attending surgeons at 
the hospital. Comparison is made with all 
remaining high-risk patients not receiving 
preoperative antibiotics, but undergoing 
similar biliary tract surgery during the 
same study period. 


Results 


In this 12-month period, 245 biliary 
operations were performed with four 
deaths (1.6%). None of these deaths 
were associated with septic complica- 
tions, but all four followed evidence 
of pulmonary or myocardial infarc- 
tion in elderly patients. Nonin- 
fectious complications occurred in 13 
patients, and were not affected by use 
of prophylactic antibiotics as shown 
in Table 1. | 

Bile cultures were taken at 211 op- 
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Low-Risk Patients 
Cephalcridine 
No cephaloridine 
Total : 
Previous five-year survey 


Cases 
17 1 5.8 





Positive Cultures Percent 
14 13.6 
15 12 

26 17 













High-Risk Patients 
Cephaloridine 

No cephaloridine 

Total 


erations, or 86% of the biliary oper- 
ations performed during this year. 
This is a great increase in the propor- 
tion of cases cultured at operation as 
compared to the immediately previ- 
ous five-year period.' Nevertheless, 
the percent of positive cultures re- 
mains at the same level. Sixty pa- 
tients, or 36%, had positive eultures 
(Figure). In all but 17 of these 60 
cases, there were no preoperative 
clues to this contamination of the bili- 
ary tree, such as fever, chills, or chol- 
angitis, nor were there signs of infec- 
tion at operation. 

In the low risk patients, those with 
chronic biliary disease under 70, the 
incidence of positive cultures was ex- 
pected to be low (17% previously), and 
of course, infectious complications 
were rare (1.2%). This group was not 
routinely treated with prophylactic 
antibiotics, and continued to show the 
expected low incidence of positive bile 
cultures—13.6%, as shown in Table 2. 
In this low-risk group, 17 of 127 pa- 
tients dic receive preoperative anti- 
biotics for respiratory disease or 
other reasons, and only one of these 
17 (5.8%) had a positive bile culture. 
However, there clearly is little justifi- 
cation for the administration of 
prophylactic antibiotics to this low- 
risk group. 

Table 3 shows the incidence of posi- 
tive bile eultures in treated and un- 
treated high-risk patients. The per- 
cent of positive bile cultures has not 
been changed significantly in these 
high-risk patients, as the result of 


Table 3.—Antibiotics and Bile Cultures in 84 High-Risk Patients 
(Patients With Acute Cholecystitis, Common Duct Stone, Jaundice, Age Over 70) 


Cases 


Positive Cultures Percent 
47 25 53 
3/7 19 52 
84 44 52 
88 55 


Previous five-year survey 62 











only 2 gm of preoperative cephalori- 
dine. The percent of positive cultures | 
is about the same for both treated 
and untreated patients (53% vs 52%). 
This figure is close to that from the 
previous survey (62%). 

The organisms encountered in the 
operative cultures of the bile in this 
later one-year survey did not differ 
materially from those reported in the 
previous survey.' Sixty-nine percent 
were in the Gram-negative coliform 
group with Escherichia coli most 
frequent. Thirty-one percent were 
Gram-positive organisms with en- 
terococci most frequent. The choice of 
cephaloridine for preoperative pro- 
phylaxis appeared appropriate in 
view of the in vitro sensitivities sub- 
sequently determined for these orga- 
nisms, as shown in Table 4. Among 
the four major groups of antibiotics 
tested, only chloramphenicol proved 
to have potency against a broader 
range of biliary organisms. It was not 
chosen for prophylaxis, however, be- 
cause of its bone marrow toxicity. 
Cephaloridine was potent against all 


but five of the organisms encoun- 


tered. 

The distribution of the four eate- 
gories responsible for the highest in- 
cidence of positive bile cultures is 
shown in Table 5. There has been a 
disproportionately high distribution 
of acute cholecystitis to the anti- 
biotic-treated group, and of obstruc- 
tive jaundice to the untreated group. 
However, positive cultures are found 
about equally in these two groups, 
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Table 4——fh ¥ tro Antibiotic 
Sensitivty cf 44 Positive Bile 
Cultures Frem 84high-Risk Patients 


Orga- Orga- 


nisms nisms 
Sensi- Resist- 
tive ant 

Cephaloridi e 

Chlioramphenica 

Tetracycline 

Ampicillin 


60% and 66% of the time. 

There has seen a marked change in 
the number of infectious complica- 
tions followiag oæsperative prophy- 
lactic antiliocics. assshown in Table 6. 
In the treat gram of high-risk pa- 
tients, only -wo minor wound infec- 
tions occurrel @S), but in the un- 
treated high-ris< patients, the 
incidence of septic complications re- 
mains high, as 2xpected, at 27%. 
These septic =on-prications in the un- 
treated grous imcuded several of a 
more serieus natare such as septi- 
cemia, and ther2 were two positive 
blood culture . InfSetions were about 
equally distrbutec among all of the 
four clinical characteristics of the 
high-risk groap net receiving preop- 
erative antibwties s shown in Table 
B 

All infeetisus ©mplications were 
studied by zulure from wounds, 
blood, and aksceses. The organisms 
recovered eoizciGee in each case with 
one or more organSwms isolated previ- 
` ously from tle bi= culture at oper- 
ation as judged br both species and 
sensitivities. 

The import-nce cf infected bile as a 
cause for wounc mfections is reaf- 
firmed when 30th ow-risk and high- 
risk patients -re camsidered together, 
as shown in Table 3. There were only 
four infectios complications among 
151 patients witk -terile bile, for an 
incidence of 2%%- This is only slightly 
more than the irfeetion rate gener- 
ally experien-ed in all totally clean 
wounds. Ther= remains a high inci- 
dence of infec-ieuws complications 
among those witi centaminated bile 
(13 among 6C patents, 22%). How- 
ever, the peteacy of preoperative an- 
tibioties in preverting infection is 
also reaffirmed. Ia the present study 
year, 56% of tne iC patients with in- 
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Table 5.—High-Risk Characteristics and Preoperative Antibiotics 


High-Risk Characteristics 
Acute cholecystitis 
Common bile duct stone 
Jaundice (stone or tumor) 
Age, over 70 
Total 





Cephaloridine 
Cases 


No Cephaloridine 
Ca 


18 


Table 6.—Antibiotics and Infectious Complications in 84 High-Risk Patients 


infectious Complications* 
Wound infection 
Intraabdominal abscess 
Likely septicemia 
(positive blood culture, 
fever 38.9C for three days or more) 


Total 





Cephaloridine 
(47 Cases) 


2 


No Cephaloridine 
(37 Cases) 


2 (4%) 10 (27%) 


* All cultures from infections showed organisms identical to one or more previously cul- 


tured from the bile at operation. 


Table 7.—Distribution of Antibiotics and Infectious Complications Among 
84 High-Risk Patients 


Cephaloridine (47 Cases) No Cephaloridine (37 Cases) 
= 


Characteristics of No 
High-Risk Patients Infections 


Acute cholecystitis 17 
Common bile duct stone 3 
Jaundice (stone or tumor) 6 
Age, over 70 19 
Total 45 





Infectious No 
Complications 


Infectious 
Infections Complications 


1 


0 
1 
0 
2 


Table 8.—Infectious Complications and Bile Cultures in All 211 Cultured Cases 


Infectious Complications 
Wound infection 
Intraabdominal abscess 
Septicemia 
(positive blood culture, 
fever 38.9C for three days or more) 


Total 
Previous five-year survey 





fected bile received prophylactic 
preoperative antibiotics. They had 
significantly fewer infectious compli- 
cations. As a result, the incidence of 
septic complications in all patients 
with infected bile was reduced to 22%, 
as compared to the 46% incidence 
recorded in the previous five-year 
study.’ 


Comment 


Increasing evidence of the benefits 
of appropriately timed antibiotics in 


Negative Cultures 


Positive Cultures 


(151 Cases) (60 Cases) 
3 


1 


0 
0 


4 (2.6%) 
1.2% 


13 (22.0%) 
46.0% 


major gastrointestinal operations has 
been demonstrated by other stud- 
ies.*** It would seem logical that such 
a program would also be beneficial in 
biliary surgery. The present data in- 
dicate that appropriately applied 
short-term antibiotics are helpful in 
high-risk patients. This antibiotic 
treatment program clearly does not 
sterilize the contaminated biliary 
tree. On the other hand, high blood 
and tissue levels of antibiotic activity 
appear to protect the wound surface 
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Operations 


N= oN 
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36% Positive 


Sterile 


Current Study 


Biliary operations and cultures. 


and other target sites from invasive 
infection after unavoidable contami- 
nation during operation. To do this, 
the antibiotics clearly must be given 
preoperatively in effective doses. The 
same antibiotics are useless and may 
be harmful when started in the recov- 
ery room or later, as shown in many 
earlier studies.*° 

In biliary tract surgery, a principal 
difficulty lies in the preoperative se- 
lection of patients who need prepara- 
tion with broad-spectrum antibiotics. 
The current data are based on a much 
higher incidence of cultures taken in 
the operating room than in earlier 
series. Nevertheless, a high rate of 
positive bile cultures is confirmed in 
the four clinical situations previously 


ROBERT P. HuMMEL MD, Cincinnati: The 
paper does a great service by pointing out 
this high-risk group of patients who are 
undergoing cholecystectomy. I would like 
to speak for a moment about the timing of 
the related antibiotic therapy. 

We have been interested in prophylactic 
antibiotics as related to colon surgery and 
colon injuries, and have found that the im- 
portant factor is to have a tissue level of 
antibiotic at the time the wound or oper- 
ative incision is subjected to contamina- 
tion, either from infected bile or from the 
colon. We found that by obtaining tissue 
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described as the high-risk group. 
These make up about one third of all 
patients undergoing biliary oper- 
ations. Three of their four clinical 
characteristics are readily recogniz- 
able before operation: age over 70, 
acute cholecystitis, and obstructive 
jaundice. These make up 92% of the 
high risk group. Only in those few pa- 
tients having common duct stones 
without jaundice is there a signifi- 
cant problem in preoperative recogni- 
tion, and many of these can be recog- 
nized preoperatively. Therefore, it 
should be possible to administer anti- 
biotics preoperatively on a selective 
and rational basis to the one third of 
the patients with biliary disease who 
may need them. 


Discussion 


levels with the systemic antibiotics, we 
could have lower infection rates in colon 
surgery when compared to attempting to 
sterilize the colon with nonsystemic anti- 
biotics: 

A more recent study by Dr. Fullen in our 
group, concerning penetrating wounds of 
the abdomen, demonstrated that if sys- 
temic antibiotics were begun preopera- 
tively in the emergency room, the overall 
infection rate was about 3%; if the anti- 
biotics were started during the eperation, 
it was about 15%; and if they were started 
after the operation, the infection rate was 


This study surey reconfirms the 
great importance ef taking a bacte- 
rial culture during all biliary oper- 
ations, and particularly in those 
patients at high rssk of sepsis. Con- 
tamination of the wound is unavoidable 
when the bile harbcrs organisms. Sur- 
geons need to appreciate that this oc- 
curs regularly whem the bile ducts are 
inflamed or obstructed, and much 
more often than elinically recogniz- 
able signs of infeczion appear. 

The present brief experience with 
preoperative prophylactic antibiotics 
is clearly too smal to establish their 
efficacy. However, the early results 
are so favorable that additional trials 
and evaluation in a number of insti- 
tutions seem warranted. 


Nonproprie-ary Names 
and Trademerks of Drugs 


Cephaloridine—Loridzne. 

Ampicillin sodium—Alpen-N, Ameill-S, 
Omnipen-N, Penb-itin-S for Injection, 
Polycillin-N for Injection, Principen/N, 
Totacillin-N. 
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about 27%. 

More to the point. in about 300 patients 
with penetrated caons (mostly gunshot 
wounds to the colan), if the antibiotics 
were started in the emergency room be- 
fore operation, the infection rate was 
about 11%; when started during operation, 
it was 57%; and if antibiotics were not 
started until after operation, the infection 
rate was up to 70%. 

Dr. Alexander, ir our department, has 
done some tissue level studies on various 
antibiotics and the time it takes for intra- 
muscular and intravenous antibiotics to at- 
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tain proper tissue levels. With cephalori- 
dine, body issues eb-ained effective levels 
in one and two acuss, whether given in- 
travenously or mtramuscularly, with a 
somewhat sreater lay with the intra- 
muscular raite. Civimg cephalethin sodium 
(Keflin) at -he time of premedication will 
undoubtedl-, in € great majority of cases, 
give you ef=ctive fissue levels at the time 
bile ducts =nd the Hliary tree are being 
opened, resulting im possible contamina- 
tion of tissie. | would question whether 
the dose at midnight m this series would be 
of any proshylaetie walue, as it does not 
sterilize the bile, as was shown, and would 
not give tissue level: eight or nine hours 
later. 

I might s_y one word zbout eulturing the 
bile. We found wita acute cholecystitis 
that we getabout taesame results in levels 
of positive dile-eultuses as reported here— 
around 50%, but i- we take a small seg- 
ment of gal bladee™ wall, and put that into 
culture melia, particularly trying to re- 
cover anaermbes, such as Bacteroides, there 
are very f-w cuitares that do not show 
growth, ane the pasi-ive culture rate goes 
up te almost 100% im acute cholecystitis. I 
thikn this fmding B significant. 

This stuly reverts & relatively small 
series of pacient= asthe authers point out 
in the manescrip*, ard I do hope they con- 
tinue to sticly acd tienal patients. I think 
their findinzs wil boH up. They seem very 
significant. The authers have called our at- 
tention to this higk-nisk group of patients 
undergoing-cholesyst2etomy who certainly 
warrant prephylac-ic antibiotics just long 
enough befsre the operation to give ade- 
quate protettive ‘isswe levels, but not long 
enough befere opewacion that overgrowth 
with resistant orrenSms can occur. 

N. Tart McPrHorren, MD, Calgary, Al- 
berta, Canada: Wher a man from Pitts- 
burgh asks persan from Calgary to dis- 
cuss his paper, ae must have wanted a 
basically agricultuza discussion. We will 
move to the seedsanc-soil problem. 

Equally isteresting are the facts stated 
that the number of vositive cultures was 
not change! by -te antibioties, and that 
17%, or approximatey one in six, of the 


Arch Surg/~/ol 107 fug 1973 


low-risk group had positive cultures, 
whereas only 50%, or half of the high-risk 
group, had positive cultures in their bile. 
What interests me is the question: Why is 
the high-risk group truly high risk? Surely 
it is not only the presence of bacteria; the 
“soil” must be implicated. 

We have found in our efforts to alter the 
soil that there is a marked reduction in the 
number of invasive wound infections in all 
categories when wound irrigation is used. 
Drs. Chetlin and Elliott attempted to 
achieve this preoperative sterilization by 
parenteral administration of drugs and 
have shown us excellent results. I believe 
that preoperative injection of antibiotics, 
so they are circulating, will better achieve 
the primary objective—to improve the 
“soil.” 

The authors have provided initial an- 
swers to the problem of which patients will 
benefit from preoperative antibiotics. They 
have identified a high-risk group—for 
whatever reason they are high risk—and I 
am not sure of that. This is a very useful 
contribution, because there is a risk in giv- 
ing antibiotics, as we all know, and we 
must utilize them judiciously on only those 
patients who are likely to benefit. 

I would like to ask one question in rela- 
tion to wound drainage. We have found 
that drainage of wounds doubled the infec- 
tion rate. What was the authors’ experi- 
ence with the use of drains and the rate of 
infection in this group of patients? 

WESLEY L. FURSTE, MD, Columbus, Ohio: 

This well-documented report by Drs. Chet- 
lin and Elliott is a significant contribution 
to our thinking about septic complications 
after biliary tract operations. 
_ I was particularly interested in their an- 
tibiotic choice data, their selection of 
cephaloridine, and their limited dosage 
schedule. I would like to emphasize their 
limited dosage and its importance in re- 
spect to the amount of the individual dose 
and to the number of doses. 

Also, I noted that the responsible orga- 
nisms were invariably those recovered 
from the bile at operation. I would like to 
ask this question. In any instances with 
antibiotic treatment did the authors find 


an overgrowth of any of the previously 
identified organisms, or of the rare, previ- 
ously unidentified, bacteria? 

Dr. ELLIOTT: I certainly appreciate the 
very fine discussion added to our paper by 
Drs. Hummel, McPhedran, and Furste. 
The numbers of patients in this paper are 
indeed small, primarily because of the ef- 
fort to restrict the study group to patients 
at high risk of infection. The point is that 
in well over 90% of instances, one can iden- 
tify preoperatively this small group of pa- 
tients who are most likely to have serious 
infectious complications postoperatively. 

Dr. McPhedran put his finger on a cru- 
cial point. At our hospital, drains are quite 
regularly used after gallbladder surgery, 
and particularly after acute cholecystitis. 
After operations on the obstructed bile 
duct, drains or T tubes or both are used. 
These are not brought out through the 
wound, however. They unquestionably in- 
creased the risk of infection, as shown in 
the very fine study presented yesterday by 
Paul Cruse, MB. The necessity for these 
drains may actually increase the need for 
preoperative antibiotics in these patients. 

In response to the question of over- 
growth of nonsensitive bacteria asked by 
Dr. Furste, we have not recognized this. Of 
course that does not mean that it has not 
occurred, but we have not encountered this 
as a problem so far. 

I suppose we should have been hesitant 
to draw such broad conclusions from such 
limited numbers. However, the results we 
have presented here are very similar to 
those already shown in other types of gas- 
trointestinal surgery in which chemo- 
prophylaxis has been used to prevent 
infections by Hiram Polk, Jr, MD, of 
Louisville, and by Harvey Bernard, MD, 
and his group at Albany. Certainly the fig- 
ures showing the importance of internal 
contamination by positive bile cultures fit 
nicely with those in the very beautiful 
study presented yesterday by Dr. Cruse. 
Now cloaked in this kind of respectability, 
we think the results shown here cannot be 
entirely wrong. 
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Anatomic Relations of 


Pelvic Autonomic Nerves 


to Pelvic Operations 


John F. Lee, MD; Virginia M. Maurer, MD; 


George E. Block, MD, MS, Chicago 


Thirty-six dissections of the pelvic auto- 
nomic nerves were performed on cadavers. 
The superior hypogastric plexus over the 
aortic bifurcation, hypogastric nerve 1 to 2 
cm medial to the pelvic ureter, the pelvic 
splanchnic nerves (nervi erigentes), contrib- 
uting fibers to the inferior hypogastric 
plexus, and the inferior hypogastric plexus 
anterolateral to the rectum and superior to 
the levator ani muscles were all identified. In 
all instances, these pelvic autonomic nerves 
were located between the endopelvic fascia 
and pelvic peritoneum. Knowledge of this 
fact should aid the pelvic surgeon in oper- 
ations for benign disease where resection of 
the endopelvic fascia is not required. 


Peery for benign disease 
is associated with a 20% incidence 
of male sexual dysfunction,'” and a 
30% incidence of bladder dysfunc- 
tion. These complications usually 
reflect autonomic denervation or pa- 
resis, and this is most frequently sec- 
ondary to sympathetic or parasym- 
pathetic nerve interruption within 
the true pelvis. These pelvic auto- 
nomic nerves represent the thoraco- 
lumbar sympathetic outflow, the sac- 
ral parasympathetic outflow, and 
their corresponding afferent path- 
way, the pudendal nerve.’ The pur- 
pose of this paper is to define and de- 
scribe the pelvic autonomic nerves, to 
delineate the pertinent surgical anat- 
omy, and to discuss what procedures 
the experienced surgeon may perform 
to avoid injury to these nerves. 
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Materials and Methods 


Thirty-six unilateral dissections were 
performed in 20 cadavers, 14 male and 6 
female. The majority of dissections were 
via the anterior abdominal appreach, al- 
though, or occasion, a posterior approach 
was utilized through the sacrum to confirm 
the anterior findings. The pelvic splanchnic 
nerves (nervi erigentes) were in each in- 
stance individually identified and traced 
from their site of origin to their termi- 
nation. The superior hypogastric plexus, 
hypogastric nerve (presacral nerve), and 
inferior hypogastric plexus (pelvic plexus) 
were also extensively examined. Numerous 
photograpns were taken of the various 


stages in the dissection, and appropriate 


drawings and diagrams were made. 

The posterior peritoneum was incised 
from the base of the cecum across the aor- 
tic bifurcation to the mesosigmeid. The 
small bowel, cecal, and right colonic peri- 
toneal attachments were divided superi- 
orly to the level of the duodenum. The pos- 
terior parietal peritoneum was detached 
from its remaining posterior attachments 
to its inferior limits. The posterior peri- 
toneum was reflected caudad, a gauze 
sponge separating it from the reetum. 

The abundant adipose tissue in the true 
pelvis was excised and the superior hypo- 
gastric plexus communicating with the in- 
ferior hypogastric plexus via the hypogas- 
tric nerve identified. This can usually be 
accomplished at the level of the pelvic brim 
where the hypogastric nerve is noted to 
parallel the ureter on its medial aspect. 
These structures were carefully cleaned of 
fat. 

The endopelvic fascia was incised at the 
level where the great vessels cross the pel- 
vic brim. The internal iliac (hypogastric) 
vein was identified and retracted medially, 
exposing the subjacent sympathetic trunk. 
Identification of the division of the inter- 
nal iliac artery into anterior and posterior 
trunks facilitated localization of the sacral 


+ baa Les MR AF 
c > * C2" e 4 3 F Wy 


EE e a | Te eae 
i Is - ` a8 


> ~ ne dod t 
Mahe 4 


roots. The posterior trunk travels along the 
lateral border of the first sacral root, while 
the anterior trunk crosses from the lateral 
to the medial side of the first sacral root. 
An additional aid is that the inferior glu- 
teal artery exits the pelvis in proximity to 
the second sacral root, occasionally split- 
ting its fibers. The second, third, and 
fourth sacral roots were identified and one 
to three fibers noted to exit from each. Af- 
ter piercing the endopelvic fascia, these 
smaller fibers entered the inferior hypo- 
gastric plexus. The inferior hypogastric 
plexus at this level is closely adherent to 
the anterior surface of the endopelvic fas- 
cia. These pelvic splanchnic nerves, or 
nervi erigentes, traverse the inferior hypo- 
gastric plexus, dip beneath the ureters, 
and pierce the transverse perineal mem- 
brane. Numerous smaller fibers were 
traced to the rectum, urinary bladder, 
seminal vesicles, prostate, and, occasion- 
ally, the ureter. 


Posterior Confirmatory Approach 


The skin, adipose tissue, and fascia 
overlying and bordering the sac- 
rum were excised. The gluteus max- 
imus was identified, divided, and re- 
flected laterally. The neural arch was 
incised to the level of the sacral canal 
anteriorly, and the entire lateral crest 
of the sacrum excised. What remains 
is the anterior sacrum to the level of 
the anterior sacral foramina. The 
middle sacral roots, S., S, and S,, 
were traced through their respective 
anterior foramina and, after any ad- 
herent adipose tissue was removed, 
the fibers of the pelvic splanchnic 
nerves were identified. These nerves 
were then traced anteriorly to their 
entry into the inferior hypogastric 
plexus. 


Observations 


The peritoneum descends across the 
sacral promontory covering portions 
of the rectum and the posterior uri- 
nary bladder as well as the posterior 
and lateral pelvic walls. The distance 
between its inferior limits and the 
muscular pelvic floor can be as great 
as 4 to 5 cm. This space contains loose 
areolar tissue. The first layer of fascia 
of the muscular pelvis is the endopel- 
vie fascia.’ This is closely adherent to 
the muscular pelvic floor and, in addi- 
tion, invests the vessels, nerves, and 
viscera of the pelvis. It is most easily 
identified at the origin of the internal 
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Fg 1.—The pelvic autonomic nerves in relation to the pelvic viscera. 


Fig 2.—T e pelvic splanchnic nerves pierce the endopelvic fascia and enter the interior 
hypogastric plexus. Containment of the pelvic autonomic pathways within the confines of 
the endope vic fascia is indicated. 
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iliac vessels where it can be traced to 
the pelvic walls and viscera. This en- 
dopelvic fascia forms the fascial 
sheaths for the bladder, rectum, and 
vagina where it originates in the 
muscularis fibers. 

The term “nervi erigentes” prop- 
erly refers to the pelvic splanchnic 
nerves. This term has been expanded 
by surgeons to include the hypogas- 
tric nerves and plexuses. 

It is between the peritoneum and 
endopelvic fascia that the superior hy- 
pogastric plexus, hypogastric nerves, 
and inferior hypogastric plexus may 
be located. The superior hypogastric 
plexus crosses the sacral promontory, 
becomes the hypogastric nerve, re- 
ceives fibers from the pelvic splanchnic 
nerves, and terminates in the inferior 
hypogastric plexus, all on a level 
between the endopelvic fascia and 
peritoneum (Fig 1). 


Superior Hypogastric Plexus 


The superior hypogastric plexus is a 
collection of sympathetic pregan- 
glionic, postganglionic, and visceral 
afferent nerve fibers. It receives pre- 
ganglionic fibers directly from the 
sympathetic trunk, or indirectly via 
the inferior mesenteric ganglion, 
postganglionic fibers from the infe- 
rior mesenteric ganglion, and affer- 
ent fibers from the pelvic viscera. The 
superior hypogastric plexus is a fen- 
estrated network of fibers, eccentri- 
cally shaped with its nucleus located 
just to the left of the midline. It is lo- 
cated beneath the level of the peri- 
toneum, just inferior to the bifurca- 
tion of the aorta, and overlying the 
body of the fifth lumbar vertebra. The 
hypogastric nerves exit bilaterally at 
its inferior poles. 


Hypogastric Nerve 


The hypogastric nerve unites the 
superior hypogastric plexus with the 
inferior hypogastric plexus bilat- 
erally. It contains sympathetic pre- 
ganglionic and postganglionic fibers 
as well as visceral afferent fibers. As 
in the superior hypogastric plexus, 
there are no parasympathetic fibers. 
It may appear as a single nerve 
strand, but more frequently has two 
to three strands bilaterally. The hypo- 
gastric nerve is located between the 
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Fig 3.—The accepted autonomic pathway for erection. 


peritoneum and endopelvic fascia. It 
parallels the common iliac vessels me- 
dially and is found approximately 1 to 
2 cm medial to the ureter, paralleling 
the course of the ureter within the 
pelvic brim. On the left, it may be 
subjacent to the superior hemorrhoi- 
dal vessels. It inferiorly gives origin 
to the inferior hypogastric plexus. 


Inferior Hypogastric Plexus 


The inferior hypogastric plexus is a 
complex of interlacing sympathetic 
and parasympathetic nerve fibers of 
variable dimensions. The remaining 
preganglionic sympathetic fibers 
from the superior hypogastric plexus 
synapse in this plexus. The pelvic 
splanchnic nerves also enter and tra- 
verse this plexus. As a result, it is 
composed of sympathetic preganglion- 
ic and postganglionic fibers, pregan- 
glionic fibers of the sacral para- 
sympathetic outflow, and visceral 
afferent fibers. 

It is extraperitoneal and is situated 
anterior and lateral to the rectum, su- 
perior to the levators. In the female, 
it is lateral to the uterine cervix. The 
inferior hypogastric plexus is of vari- 
able size, averaging 3 cm in diameter. 
It is composed of terminal subdivi- 
sions, variably referred to as the 
vesicular plexus, the prostatic plex- 
us, the cavernous plexus, etc, and re- 
inforcing the concept that it is fen- 
estrated, variable in shape and size, 
and embedded in loose areolar tissue 
between the endopelvic fascia and 
peritoneum. 
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Pelvic Splanchnic Nerves 


The pelvic splanchnic nerves usu- 
ally arise from the second, third, and 
fourth sacral roots. They represent 
the sacral parasympathetic outflow 
and take origin just beyond the point 
of egress of the roots from the sac- 
ral foramina. The largest component 
arises from the third sacral root, 
smaller fibers coming from the second 
and fourth. Each root contributes one 
to three nerves, which then proceed to 
the inferior hypogastric plexus 
directly or indirectly. The məst fre- 
quently encountered indirect passage 
occurs when fibers from the second 
sacral root join those from the third 
sacral root and accompany it to the 
inferior hypogastric plexus. These 
all originate beyond the endopel- 
vic fascia and must pierce the endo- 
pelvic fascia before entering the 
inferior hypogastric plexus (Fig 2). 
No variations in this basic relation- 
ship were seen. 


Comment 


Normal urinary bladder function 
requires intact sensory and motor 
pathways. Consequently, if either of 
these pathways are interrupted, nor- 
mal bladder function is lost. There is 
a simple spinal reflex at the level of 
the sacral parasympathetic outflow, 
which reflex is subject to higher corti- 
cal control. The afferent and efferent 
limbs of the arc involve the second 
through fourth sacral roots with the 
efferent limb innervating the detru- 
sor muscle. The function of this 
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Fig 4.—The accepted autonomic pathway for ejaculation. 


simple arc is normal micturition. 

With progressive filling of the uri- 
nary bladder with urine, pressure re- 
mains rather constant until a volume 
of approximately 400 ml is reached. 
At this point, afferent impulses trans- 
mit the sensation of increased pres- 
sure, and higher eenters permitting, 
there is a motor parasympathetic dis- 
charge. This results in a sustained 
detrusor contraction, increasing the 
intravesicular pressure even more. 
The internal sphincter, which is com- 
prised of detrusor fibers, is thus 
opened by this contraction, and urine 
is allowed to enter the urethra. Here, 
voluntary activity relaxes the exter- 
nal sphincter at the level of the pelvic 
floor and voiding ensues. 

Sexual function in the male in- 
volves the four highly coordinated 
and intimately related processes of 
erection, emission, ejaculation, and 
subsidence of ereetion. Erection and 
ejaculation are considered primarily 
parasympathetic im origin, while the 
emission and subsidence are attrib- 
uted to sympathetic activity.’ 

Erection results directly from the 
engorgement of the penile vessels 
with blood. This has been shown to be 
dependent upon three factors: (1) ar- 
terial vasodilatation, (2) the blood 
supply of the penis, and (3) venous 
outflow compression. If either of the 
first two are lacking, erection is im- 
possible or curtailed. Venous com- 
pression contributes negligibly and 
usually is of minimal import (Fig 3). 

Emission is the delivery of semen 
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from the seminal vesicles to the pos- 
terior urethra. There is a debate as 
to whether this is a sympathetic or 
parasympathetic activity, with the 
consensus of laboratory evidence fa- 
voring the former Ejaculation is at- 
tributed te parasympathetic activity, 
and is the transf +r of semen from the 
posterior wrethra hrough the exter- 
nal urethral meetus. Here, para- 
sympathetic inaervation initiates 
spasmodic contrections of the ischio- 
cavernosus and kulboeavernosus with 
resultant ejaculation. Sympathetic 
discharge with vasoconstriction re- 
sults in the loss of «rection with more 
profound and prorapt effect actually 
than is observed during proximal aor- 
tic occlusion (Fig: 4.* 

The neuroanatomic pathways are 
_ few. The principa parasympathetic 
pathway is the særal outflow, involv- 
ing the pelvic speamchnic nerves (S., 
S, S)" These fibers traverse the 
inferior hypogastrr plexus and syn- 
apse on their part.cular end organ- 
bladder, prostate. uterus, etc. This is 
the pathway responsible for micturi- 
tion, erection, ejaculation, and, ques- 
tionably, emissior. 

Sympathetic patnways are more 
complex and invotve the thoracolum- 
bar outflow of the sympathetic trunk 
to the superior xpogastric plexus, 
hypogastric nerve and inferior hypo- 
gastrie plexus.” Carmon to both sym- 
pathetic and parasympathetic path- 
ways at their temmination is the 
inferior hypogastrie plexus. 

Analysis əf these pathways results 
in the evoletion af an anatomic con- 
cept regarding the pelvic autonomics. 
Considering all pataways, the pelvic 
autonomics can b= viewed as an in- 
verted “Y” ying across the aortic bi- 
furcation amd exteneing deep into the 
pelvis to terminats ateral to the cer- 
vix in the female, and lateral to the 
prostate in the mae. At all levels, 
it lies beneath the peritoneum, yet 
above the level of the endopelvic fas- 
cia. At its superior portion, that is, at 
the level of the acetic bifureation it- 
self, it lies almost Immediately sub- 
jacent to the peritoneum. More infe- 
riorly and deep withm the pelvis, 2 to 
4 cm usually sepa*ates these impor- 
tant pathways from the peritoneum. 
Along the le®t side ot the arc at its su- 
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perior portion, the mesentery of the 
left colon and sigmoid colon parallel it 
for a short distance. 

As the inverted “Y” enters the pel- 
vis further, it can be noted to parallel 
the ureters bilaterally, approximately 
1 cm to their medial aspect. In a sim- 
ilar fashion, these pelvic autonomic 
pathways parallel the course of the 
internal iliac vessels. At the most in- 
ferior portion of the pelvic autonomic 
pathway, that is, at the level of the 
inferior hypogastric plexus, the rec- 
tum is noted to lie slightly posterior 
and medial to the pathway. The rec- 
tum itself can be quite easily sepa- 
rated from these surrounding path- 
ways, which lie in the loose areolar 
tissue adjacent to the viscera. 


Common Points of Injury 


In dissections of the pelvis for proc- 
tectomy, the autonomic pathways are 
subject to injury at approximately 
three levels: the first of these is at 
the level of the superior hypogastric 
plexus, the second at the level of the 
hypogastric nerve, and the third at 
the level of the inferior hypogastric 
plexus. Injury to the superior hypo- 
gastric plexus or hypogastric nerve, 
because of their sole sympathetic ac- 
tivities, results usually in an absence 
of emission or what has been termed 
“dry orgasm.” 

The superior hypogastric plexus is 
most easily subject to injury when 
any extensive dissection is accom- 
plished over the bifurcation of the 
aorta. As was mentioned earlier, 
these nerves at this level are immedi- 
ately subjacent to the peritoneum 
and if dissection at this area requires 
denuding of the aortic bifurcation, 
these sympathetic pathways are en- 
dangered. Standard operations in 
which injuries of the superior hypo- 
gastric plexus are to be expected 
would be aortocaval node dissections, 
resections of the terminal aorta, and 
left colon resections requiring liga- 
tion of the inferior mesenteric artery 
at its origin and denuding of the aor- 
tic bifurcation. 

Injuries to the hypogastric nerve 
and inferior hypogastric plexus usu- 
ally oceur in combination. This usu- 
ally results from extension of the dis- 


section by the operator laterally 
beyond the confines of the endopelvic 
fascia. These injuries signify an as- 
sault upon both the sympathetic and 
parasympathetic pathways. Of en- 
couragement is the fact that unilat- 
eral injury is compatible with re- 
tained function. The hypogastric 
nerve or inferior hypogastric plexus 
or both are most frequently injured 
during the course of proctectomies, 
extended hysterectomies, nephroure- 
terectomies, cystectomies, and those 
vascular procedures involving exten- 
sive hypogastric dissections. 

To preserve function, unilateral 
identification and preservation of the 
hypogastric nerve and inferior hypo- 
gastric plexus are all that are re- 
quired. The right side presents the 
least difficulty, and here the peri- 
toneum overlying the ureter on the 
right can be incised and reflected in- 
feriorly, care being taken to take only 
peritoneum. The hypogastric nerve is 
then easily identified parallel to the 
ureter and about 1 to 2 cm medial to 
it within the pelvic brim. Careful 
dissection will then demonstrate the 
inferior and superior hypogastric plex- 
uses, and allow for their preservation. 

The operator. within the pelvis, 
aware of the location of the inferior 
hypogastric plexus, can attempt its 
preservation in operations where re- 
section of the rectum’s lymphovascu- 
lar channel is not required. This is 
most easily accomplished by incising 
the peritoneum approximately 2 to 3 
cm anterior to the rectosigmoid and 
continuing this laterally to meet the 
peritoneal incision in the mesosig- 
moid. By blunt dissection, this peri- 
toneum is mobilized, leaving the 
underlying fat undisturbed. If peri- 
toneum only is taken, the underlying 
nerves are free from danger. Further 
dissection of the rectum is performed 


immediately adjacent to the rectal 


wall to the level of the levator mus- 


cles, which again are divided at the 


level of the rectal wall. Posterior dis- 
section is at the level of the presacral 
space but within the endopelvic fas- 
cia, and anteriorly the dissection is 
blunt and at the level of the muscular 
rectal wall. Due to the minimal inci- 
dence of anomalous nervous path- 
ways, this procedure is usually accom- 
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plished without sequelae in sexual 
performance. Old rectal perforations 
or pelvic abscess formation render 
dissection more difficult, but do not 
preclude preservation of these impor- 
tant pathways. In the presence of an 
acute process, surgical 
is accomplished and proctectomy de- 
ferred. In cases of controlled in- 
flammatory changes, the inflamma- 
tory reaction is at the perirectal level 
and the abundant adipose tissue in 
the pelvis preserves or helps to pre- 
serve the pelvic splanchnic nerves 
from injury. Here again, dissection is 
done perirectally with the abundant 
adipose tissue of the pelvis protecting 
the underlying pelvic splanchnic 
nerves. 

In operations for malignant disease 
of the rectum and rectosigmoid where 
hypogastric lymph node dissection is 
required, the endopelvic fascia is 
stripped from the hypogastric vessels 
bilaterally, and all intervening tissue 
is resected with the specimen. By def- 
inition, both hypogastric nerves and 
inferior hypogastric plexuses must be 
excised to effect an adequate resec- 
tion. As a result, impotency and blad- 
der dysfunction should be expected 
after resection of the rectum’s 
lymphovascular bundle. 


Conclusions 


The pelvic autonomic nerves (supe- 
rior hypogastric plexus, hypogastric 
nerve, and inferior hypogastric 
plexus), although each quite variable 
in nature and extent, can consistent- 
ly be located between the endopelvic 
fascia and pelvic peritoneum. At no 
level are these nerves intimately in- 
volved with the wall of a viscus; that 
is, these nerves may be isolated from 
the pelvic viscera at all levels of dis- 
section. 

A knowledge of the surgical anat- 
omy of the pelvic autonomic nerves 
combined with careful dissection will 
result in the avoidance of neural in- 
jury in pelvic operations for benign 
disease. 
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Discussion 


CHESTER B. McVay, MD, Yankton, SD: I 
wish to compliment the authors upon a 
beautiful presentation of a difficult sub- 
ject. Most of us only vaguely understand 
the location and function of the pelvic plex- 
uses. My own interest was originally only 
an indirect one that had to do with getting 
rid of these tough clusters of nerve fibers 
to better study the endopelvie fascia. Al- 
though as an anatomist I was aware of the 
standard descriptions and figures of the 
pelvic autonomic nerves, it was not until 
the fine dissections and accurate descrip- 
tions of these nerves appeared in a 1946 ar- 
ticle by Ashley and Anson in Surgery, 
Gynecology and Obstetrics that I thought 
much about them again. 

In radical or exenterating surgical pro- 
cedures in the pelvis for malignancy, the 
pelvic autonomics are invariably removed, 
with the expected neurologic consequences. 
However, the neurologic deficit is not al- 
ways the same. Why? The authors stress 
the importance of conservative resection in 
benign disease to avoid injury to the pelvic 
autonomies, and I think this advice is cer- 
tainly timely. It is a tragedy to leave a 
young person impotent and with a voiding 
problem when it can be avoided. 

The preganglionic fibers of the pelvic 
parasympathetics arise from the gray 
matter of the cord in the intermediolateral 


columns, and reach the pelvic viscera 
through S,, S., and S,. Most of these fibers, 
as in the case of the vagus, are said to pass 
without synapse to the visceral plexuses of 
Meissner and Auerbach. 

In some animals the pelvic parasympa- 
thetics are separate and dissective nervi 
erigentes. In the human, however, by gross 
dissection techniques, at least, the sympa- 
thetics and parasympathetics seem to be 
hopelessly mixed up in the plexuses. I 
would like to ask the authors if they think 
the parasympathetics remain separate fi- 
bers through this maze and do not synapse. 
We have transected the vagi with much 


benefit to the ulcer patient. I would raise 


the question that perhaps if we could iden- 
tify definitive parasympathetic trunks to 
the sigmoid colon and the rectosigmoid, we 
might have an answer to certain spastic 
colon problems, and even the very preva- 
lent condition of diverticulosis. 

Dr. Brock, MD, Chicago: Dr. MeVay’s 
name should have been included in the au- 
thorship, as our interest in this problem 
was stimulated in his office in Yankton, 
SD, when he asked if we could, in our pel- 
vic operations, identify the nervi erigentes 
other than by schematic diagram. When 
we admitted we could not, we went to the 
anatomic laboratory. Drs. Lee and Maurer 
have presented this rather accurately. 

To answer the questions Dr. McVay has 
raised as to varying loss of function after 
radical pelvic operation, I think there are 
basically three answers. As Dr. Lee points 
out in the manuscript, innervation must be 
bilaterally removed to have complete ces- 
sation of function; and oftentimes, either 
purposely or by accident, one side or the 
other remains intact. 

Second, as far as bladder function is con- 
cerned, there is a secondary pathway that 
goes along the anterior aspect of the ure- 
ter in some patients that takes over after 
parasympathetic injury in the pelvis. 

Perhaps a third and practical aspect is 
that many of the dysfunctions are tabu- 
lated by questioning the patients after op- 
eration. We have found this te be a 
uniformly unsatisfactory mechanism. If 
we question the patients’ wives, we get a 
much truer picture. 

As far as the synapse in the inferior 
hypogastric plexus is concerned, we did not 
do degenerative studies. There was only a 
gross dissection, and it is our inter- 
pretation that the term “synapse” is used 
improperly. This is merely an interlacing 
of fibers. 

Concerning the pudendal nerves, we can 
only say that our dissection was in the true 
pelvis above the levators, where this pu- 
dendal branch is not encountered. 
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Experience With Elemental Diet 


in the Treatment of 


Inflammatory Bowel Disease 


Is This Primary Therapy? 
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Rae A. Brown, MD; Fraser N. Gurd, MD, Ottawa 


Thirteen patients with inflammatory bowel 
disease were treated 17 times for an average 
of 22 days with elemental diet. The diet was 
well tolerated in all but one patient. All but 
one demonstrated weight gain and positive 
nitrogen balance, without apparent irritation 
of the inflamed gut. Nine patients were con- 
sidered to have indications for surgery and 
seven underwent operation, approaching it 
in an improved nutritional state and with- 
standing it well. Elemental diet is able to 
provide nutrition while allowing bowel rest, 
without the risks of intravenous hyperali- 
mentation. Occasionally indications for sur- 
gery resolve during the period of nutritional 
improvement. Whether this represents a pri- 
mary therapeutic effect of elemental diet or 
the natural course of the disease remains to 
be examined by controlled studies. 


he cornerstones of the treat- 
ment of inflammatory bowel dis- 

ease are bowel rest and nutrition. Be- 
fore recent advances in alimentation 
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the two were incompatible, and symp- 
tomatic control of these protein-los- 
ing enteropathies was achieved at the 
expense of additional nutritional de- 
pletion.. This treatment, promoting 
the already established negative ni- 
trogen balance, resulted in a depleted 
and weak patient often unable to 
withstand major surgery, should this 
become necessary because of unre- 
lenting disease or its complications. 
A large proportion of immediate sur- 
gical failures in inflammatory bowel 
disease can be related directly to the 
poor nutritional status of the patient. 
Awareness of the importance of nu- 
trition and improved techniques of 
feeding diseased bowel have im- 
proved these statistics in recent 
years. The presence of inflammatory 
bowel disease has been considered an 
indication for the use of intravenous 
hyperalimentation.' Although atten- 
tion to technique and asepsis has 
been stressed and improved, high 
rates of serious septic complications 
are still being reported five years af- 
ter the introduction of this modal- 
ity>; a less invasive, nonseptic tech- 
nique would therefore be an 
improvement. 

In a preliminary report reviewing 
our experience with the use of an ele- 
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mental diet, we were able to identify 
disease conditions where elemental 
diet was of benefit; inflammatory 
bowel disease was among these condi- 
tions. Stephens and Randall, in their 
report on the use of an elemental diet, 
also stressed its usefulness in in- 
flammatory disease of the bowel.’ 
These diets are predigested and call 
forth no secretion of digestive juices.* 
They need minimal mucosal surface 
for complete absorption’ and leave no 
waste or residue to irritate distal gut. 
They alter the microflora by a de- 
crease in both species and numbers,’ 
thus further decreasing any irritation 
to diseased gut caused by intestinal 
bacteria. Thus, their use for the nutri- 
tional management of inflammatory 
bowel disease, as indicated by our ex- 
perience as well as that of Randall’s 
group, seems well founded and the 
salutory effects observed justify their 
continued use. 

Recent reports by Fischer et al’ 
indicating that intravenous hyper- 
alimentation may constitute primary 


Fig 1.—Nitrogen balance of a woman with regional enteritis. Her 
weight had fallen from 45.2 to 23.5 kg before elemental diet ther- 
apy. Each bar represents one day; area above zero line is daily in- 
take and area below is output. Net balance is represented by joined 
dots. Three weeks of elemental diet saw a 4 kg weight gain and en- 
` abled her to withstand emergency surgery without complication. 
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Nutritional Specifications 
of 1 Litre Flexical 


Kilo- 


Amount calories 


233 gm 
820 ml 


Diet powder 
Water 
Nitrogen (by 


measurement) 3.5 gm 
Protein 
(equivalent) 22 gm 
Fat 31 gm 
Carbohydrate 
(by difference) 
Sodium 


148 gm 

20 meg mEq 
Potassium 35 meg mEq 
Osmolarity 845 mOsm 
pH 4.75 





therapy in acute inflammatory bowel 
disease, avoiding the need fer sur- 
gery, prompted us to review our expe- 
rience with the use of elemental diet 
in this condition. The aims of this pa- 
per, therefore are twofold: first, to re- 
port on our experience with the use of 
an elemental diet in 18 patients with 
inflammatory bowel disease (a study 
carried out in a prospective way), and 
second, to examine the possible role 


of an elemental diet as primary ther- 
apy in inflammatory bowel disease (a 
retrospective study in the same pa- 
tients). 


Materials and Methods 


Patients.-Since 1971, a total of 13 
patients with inflammatory bowel disease 
were treated 17 times with elemental diet 
by the authors for 45 days with an average 
of 22 days per treatment. Regional enteri- 
tis was the most common disease, being 
present in seven patients; ulcerative colitis 
accounted for four, and radiation enteritis 
for three of the patients. Regional enteri- 
tis and ulcerative colitis coexisted in one 
patient. Four patients had some degree of 
short gut syndrome, and intestinal fistulas 
existed in three. 

Diet.-The Table shows the nutritional 
specifications of the diet used (Flexical). 
The full composition has been reported.’ 
This is a diet composed of a casein hydroly- 
sate and synthetic amino acids, digestible 
fat (20% as medium chain triglycerides), 
sucrose, vitamins, minerals, and trace ele- 
ments. Dissolved in water to a 24% W/V 
solution, it delivers 1 kcal/ml and contains 
3.5 gm nitrogen per liter. With the excep- 


Fig 2.—Nitrogen balance of a patient with a toxic attack of ulcera- 
tive colitis. Although positive nitrogen balance was not achieved in 
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this man with fever and catabolism of steroid therapy, note that 
most of the great nitrogen losses, attributed to large steroid doses, 
have been spared, enabling him to keep his weight and not suffer 
nutritional! depravation during the attack. His toxic condition re- 
solved without operation. 
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tion of one patient who drank it by mouth, 
the diet vas administered by pump as a 
constant mfusion via a small pediatric 
nasogastr= tube. 

Protecoh—Record were kept of the clin- 
ical coursesof each patient. Where possible, 
nitrogen talanee studies were carried out 
from knoven inzake -nd collected daily out- 
put of urize, feces, fistula drainage, vom- 
itus, ete, analyzed fer nitrogen by the mi- 
cro-Kjeldaal methec. Electrolyte balances 
and patier> weghts were monitored. 


Results 


The re=alts will be considered sepa- 
rately fo the three inflammatory 
bowel di=ase emountered, with an 
illustrative case report for each. 

Regional Enteritis.-A 19-year-old secre- 
tary was aosp-talized with an 18-month 
history of abdominal pain, diarrhea, weak- 
ness, and episodic f=ver. Her weight had 
dropped from 45.2 »0 25.3 kg. Following 
admission, a ri~ht ower quadrant mass 
became padable, and x-ray films showed 
changes of ~egienalenteritis. The dietitian 
estimated that er caloric intake at home 
had been aout 500%keal/day, and her hos- 
pital intak- was nc better. Her weight 
dropped to 23.5 xg amd her symptoms con- 
tinued. Administration of elemental diet 
was startee with a resultant 4.1 kg in- 
crease in weight amc subjective improve- 
ment in steength. F.llowing three weeks 
of diet therapy she had an increase in ab- 
dominal pain end -ecame febrile with 
daily tempe~ature spikes to 38.3 to 38.8 C. 
Nitrogen balance, winch had been positive 
throughout, remainee so in spite of the 
sepsis (Fig 1). The development of an 
acute condi ion in the abdomen resulted 
in resectiom of he terminal ileum and a 
perforated ecum. During an uneventful 
postoperative course she was initially 
maintained with intravenous hyperalimen- 
tation, then elemental diet, and was dis- 
charged wel, with a satisfactory oral ca- 
lorie intake əf a low-zesidue diet. 

Weight gain and positive nitrogen 
balance were seen in all patients with 
regional extertis. All tolerated ele- 
mental diet well. Three of the pa- 
tients were refesr=d for nutrition- 
al managemen- because of continued 
deterioratien fellowing an operation. 
All three kad some degree of short 
bowel syna@rome and malabsorption, 
and all hac active lisease in the re- 
maining gw. E emental diet reversed 
their downwarc course and they were 
able to eat a modified normal diet on 
discharge. Mone of taese three needed 
further surgery. 
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Fig 3.—Nitrogen balance of a patient with radiation enteritis. Positive balance ensued for 
four weeks (first two weeks only shown here). At this time the patient was febrile and had 
subacute bowel obstruction. Normal food was not tolerated. A major operation was well tol- 


eratec at the end of elemental diet therapy. 
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Fig 4.—Nitrogen balance of a woman during last portion of her hospital course. At this 
time she had radiation enteritis, abdominal abscesses, short gut syndrome, and an intesti- 
nal fistula. Note the trial with different dietary formulations. One-quarter strength diet fails 
to achieve positive nitrogen balance. Half-strength diet achieves positive balance, which be- 
comes almost 5gm positive with full-strength diet. A “normal” low-fat diet achieved positive 
nitrogen balance of similar magnitude, but with a much larger intake and marked increase 
in diarrhea and fistula output. An elemental diet without fat was not markedly different 
from Flexical. At this point the patient died of septic shock from intra-abdominal abscesses. 


The remaining four patients all had 
or developed complications of their 
disease where surgery was indicated. 
The patient described had a cecal per- 
foration. Two others had incomplete 
small bowel obstruction, presumably 
from a stenotic ileal segment. One of 
these two needed a small bowel resec- 
tion for relief as she was unable to 
eat normal food without obstructive 
symptoms, although able to take ele- 
mental diet well. The other appar- 
ently underwent a complete recovery, 
and when he was judged well, a deci- 
sion was made to carry out an explor- 


atory laparotomy. The operative find- 
ings were normal. The diagnosis had 
been established by a previous resec- 
tion two years ago. The last patient 
had a high-output, irritating ileal fis- 
tula of long duration. Spontaneous 
closure of the fistula occurred after 
one month of elemental diet therapy. 
The fistula recurred some months af- 
ter discharge, but elemental diet 
treatment again effected a closure 
and it remained closed for four 
months. It then reappeared, and at 
the last hospitalization he underwent 
resection of the fistula and involved 
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bowel. The patients in whom surgery 
was necessary were all extremely 
cachectic on admission, making them 
unfit for any major operation. Preop- 
erative elementary diet therapy was 
well tolerated with a daily caloric 
intake between 3,000 and 5,000 kcal, 
resulting in weight gain and nutri- 
tional improvement. Consequently 
they withstood their operation well 
and had an uneventful postoperative 
recovery. 

Ulcerative Colitis.—A 22-year-old man 
was hospitalized with a history of severe 
bloody diarrhea, abdominal pain, and fe- 
ver. There was no previous history of gas- 
trointestinal complaints. In the hospital 
the diagnosis of ulcerative colitis was 
made by sigmoidoscopy and confirmed by 
biopsy. He continued to be toxic and lost 
weight rapidly. Any oral intake precipi- 
tated abdominal pain and diarrhea. His 
treatment included salicylazosulfapyridine 
(Salazopyrine), corticotropin, intravenous 
fluids, corticosteroids, blood, and anti- 
biotics, all without much improvement in 
his condition. Although he continued to be 
in a toxic condition, there was no develop- 
ment of megacolon. Elemental diet was 
added to his treatment in an effort to im- 
prove nutrition without delivering wastes 
to the colon. Although positive nitrogen 
balance was not achieved (Fig 2), the losses 
assocated with high-dose steroid therapy 
were minimized without aggravation of 
diarrhea. The fever resolved, diarrhea and 
pain abated, and three weeks later he tol- 
erated a low-residue diet. He has remained 
well since his discharge seven months ago. 

Of the four patients with ulcerative 
colitis, one was seen following a sub- 
total colectomy for bleeding. She had 
coexisting regional enteritis and has 
been considered in that category. An- 
other was seen following a right 
hemicolectomy because of remaining 
active disease and a fistula from the 
anastomotic site. Elemental diet 
treatment resulted in nutritional re- 
covery, enabling him to withstand re- 
section of the fistula. The third pa- 
tient had a history similar to the case 
presented with resolution of the toxic 
effects and apparent recovery after 
elemental diet therapy. Following 
some time on a low-residue diet, how- 
ever, he suffered an acute, massive 
lower intestinal tract hemorrhage, 
and underwent an emergency subto- 
tal colectomy and subsequent proctec- 
tomy. His postoperative course was 
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prolonged by complications, but he 
was eventually discharged well. 

All of these patients tolerated ele- 
mental diet well. In two cases ele- 
mental diet administration seemed 
directly related to resolution of the 
toxic condition, and operation was 
unnecessary in one. Nutritional re- 
covery was seen in all. Even large 
volumes cf elemental diet did not ag- 
gravate the disease in any of the pa- 
tients. 


Radiation Enteritis.—A 39-year-old 
woman was hospitalized comatose from 
hypokalemia following prolonged, severe 
diarrhea. She had had deep pelvic irradia- 
tion 18 years earlier following a hysterec- 
tomy and bilateral salpingo-oophorectomy 
for ovarian carcinoma. She recovered fol- 
lowing fluid and electrolyte replacement, 
but persisted to have diarrhea and weight 
loss. Her weight was 36.1 kg when ele- 
mental diet therapy was started. This re- 
sulted in positive nitrogen balance (Fig 3) 
and subjective improvement, although her 
diarrhea did not abate. A trial of normal 
food two weeks later had to be discontin- 
ued because of abdominal pain, increased 
diarrhea, and signs of bowel obstruction. 
Elementa. diet was continued. She had a 
toxic reaetion from her disease, but re- 
mained in positive nitrogen balance and 
tolerated the diet well. After a total of four 
weeks of elemental diet she successfully 
underwert surgery to drain intra-abdomi- 
nal abscesses and remove a segment of 
matted, fibrosed, and chronieally ob- 
structed small gut. Postoperatively, intra- 
venous hyperalimentation was continued 
with good initial recovery, enabling her to 
take normal food. Eventually, hewever, a 
fistula developed, and then her course was 
septic and downhill. Elemental diet again 
resulted in positive nitrogen balance (Fig 
4), but ske died from septic shock from in- 
tra-abdominal abscesses. 


Our cverall results with radiation 
enteritis in three patients were poor. 
One patient was unable to tolerate 
the diet because of abdomina! cramps, 
and she required intravenous hyper- 
alimentation. The patient described, 
although tolerating the diet well ap- 
parently and benefiting from it, rep- 
resents the only mortality in the 
entire series. The third patient toler- 
ated the diet well, demonstrated 
weight gain, and after 18 days of diet 
was able to tolerate a modified nor- 
mal diet without recourse to oper- 
ation. 


Comment 


On the whole our results with the 
use of elemental diet in this series 
of 13 patients were encouraging. The 
study was a prospective one in an 
effort to determine the role and appli- 
cability of elemental diet to in- 
flammatory bowel disease. At the 
time of treating the patients, how- 
ever, elemental diet was not thought 
of as primary treatment and there- 
fore this aspect of the study is a ret- 
rospective one. 

Only one patient was unable to tol- 
erate the diet. This patient was seen 
early in our experience and was the 
first one encountered with inflamma- 
tory bowel disease. We feel in retro- 
spect that the difficulty was in our 
inability to gradually accommodate 
this patient to the diet. In our experi- 
ence gastrointestinal complaints with 
the use of elemental diet are related 
to giving too much diet too fast. 
These complaints ean usually be over- 
come by giving smaller volumes of 
more diluted diet at a slower rate, 
and then slowly advancing the con- 
centration, followed by increase in 
volume. All other patients tolerated 
the diet well, and their nutritional 
status improved while taking it, in 
spite of being unable to assimilate 
sufficient quantities of normal food. 
Diarrhea has not been a feature with 
the use of our diet and in no case did 
the diet seem irritating to the in- 
flamed gut. 

The single mortality in our series 
was from a septic complication of dis- 
ease. The patient demonstrated both 
weight gain and positive nitrogen 
balance while receiving elemental 
diet. Her disease, however, was pro- 
gressive and elemental diet cannot be 
considered successful primary treat- 
ment in her case. This is substan- 
tiated by her first course of elemental 
diet when subacute bowel obstruction 
persisted, as did septic complications, 
necessitating operation “in spite of” 
elemental diet therapy. At that time, 
however, there was no doubt that the 
preoperative feeding of elemental 
diet had improved her nutritional 
status to enable her to withstand the 
surgery, preventing an almost certain 
postoperative catastrophe. Poor re- 
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sults obtained ir radiation enteritis 
are not a refecticn on the “failure” of 
elemental det, bat rather on the re- 
lentless ane progressive nature of 
this severe «.sease. 

Results ir ucerative eolitis seem 
more encouraging. Nutritional failure 
was staved eff in all four patients, 
and the toxic «ondition resolved in 
one to make operation unnecessary. 
We feel thet cur numbers are too 
small to reseh cenclusions with re- 
spect to preventing surgery with ele- 
mental diet in alcerative colitis, but 
we are encouragec in our initial expe- 


_ rience by the faziity with which ste- 


roid-associat*d ritrogen losses can be 
spared and even positive nitrogen 
balance indueec dy elemental diet, 
even in the presence of toxic reac- 
tions, withor: aggravating the co- 
lonic disease provess. 

Of our seven patients with regional 
enteritis, “ower were considered to 
have indicatiens fer surgery: obstruc- 
tion in two, perforation in one, and a 
fistula unrespensiwe to medical man- 
agement in ome. The other three pre- 
sented nutritional problems because 
of short gut syncrome rather than 
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any surgically correctable active dis- 
ease. In these three, elemental diet 
proved extremely useful; we have al- 
ready reported on its usefulness in 
short gut syndrome.’ Of the four sur- 
gical candidates, all eventually under- 
went surgery, but all were in much 
better shape because of their nutri- 
tional improvement. In one of these 
patients the laparotomy findings 
were normal and in another, a fistula 
had apparently closed twice with ele- 
mental diet; it recurred after four 
months and the patient eventually 
had to undergo resection. 

In the absence of controlled studies 
we cannot conclude that elemental 
diet was of value as primary therapy 
in those patients in whom operation 
was avoided. Because of the fluctuat- 
ing clinical course of these diseases, it 


‘is conceivable that persistence with 


other modes of conservative treat- 
ment may also have spared half the 
patients an operation. Any conserva- 
tive treatment, however, unable to 
supply sufficient caloric and nitrogen 
intake, would surely have resulted 
in a much less favorable outcome in 
those patients in whom eventual sur- 
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modality in inflammatory bowel dis- 
ease. Because of the intriguing pos- 
sibility, suggested by Fischer, that 
intravenous hyperalimentation may 
constitute primary treatment for in- 
flammatory bowel disease, we are also 
including a control group in our 
study. Until the answers from this 
and similar studies become available, 
we can but stress the importance of 
nutrition in these disease conditions. 
Any method that can effectively sup- 
ply it without aggravating the dis- 
ease should be used, and based on our 
initial results, elemental diet fulfills 
these requirements without exposing 
the patient to some of the dangers of 
intravenous hyperalimentation. 
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Duodenal Wall Tumors and the 


Zollinger-Ellison Syndrome 


Surgical Management 


James W. Hofmann, MD; Paul S. Fox, MD; Stuart D. Wilson, MD, Milwaukee 


Surgical management of patients with is- 
let-cell, duodenal wall tumors (DWT), and 
the Zollinger-Ellison syndrome (ZES) is con- 
troversial. Complete tumor excision or total 
gastrectomy has been advocated. Duodenal 
wall tumors were identified in 13% (103 of 
800) of patients in the Z-E Tumor Registry. 
The characteristics of ZES patients with 
DWTs and results of surgery were studied. 
Less than half of the patients with DWTs had 
solitary lesions. Four subgroups were identi- 
fied: group 1, 48 patients with localized 
DWTs; group 2, 26 patients with DWTs and 
lymph node metastasis; group 3, 24 patients 
with duodenal wall and pancreatic tumors; 
and group 4, five patients with DWTs and is- 
let-cell hyperplasia. Total gastrectomy re- 
sulted in the best survival when the DWTs 
were associated with pancreatic or meta- 
static lesions or both. Attempts at local tu- 
mor excision resulted in a 51% ulcer recur- 
rence rate. Local excision of DWTs with less 
than total gastrectomy was successful in 
only 20 patients. 


he surgical management of pa- 

tients with islet-cell duodenal 
wall tumors (DWT) and the Zollinger- 
Ellison syndrome (ZES) is controver- 
sial. In patients with a gastrin-pro- 
ducing tumor of the pancreas, the dis- 
astrous results with any procedure 
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less than total gastrectomy have 
prompted many surgeons to also ad- 
vocate total “end organ” remeval for 
gastrin-producing duodenal tumors.'? 
Other reports have suggested that 
ZES patients with DWTs may com- 
prise a group distinct from those with 
pancreatic tumors, and that surgical 
therapy be aimed primarily at re- 
moval of all hormone-producing tis- 
sue without total gastrectomy.** If 
complete extirpation of the tumor 
could be achieved, deaths frem neo- 
plastic progression would be avoided. 
In an attempt to further character- 
ize this group of patients with DWTs 
and to better define the surgical 
treatment, over 800 case reports col- 
lected in the Z-E Tumor Registry at 
the Medical College of Wisconsin 
(formerly Marquette Medica! School) 
were reviewed. Duodenal tumors 
were identified in 138% (103 of 800) of 
the ZES patients. This group forms 
the basis of this article. Each patient 
was computer-coded and analyzed for 
multiple variables, including symp- 
tomatology, gastric analysis, gastrin 
levels, associated endocrinopathies, 
tumor sites, and results of surgical 
management. Sixty-five percent of 
the living patients had follow-up data 
furnished during the past year. 


Clinical Characteristics 


Collectively, the ZES patients with 
DWTs did not appreciably differ from 
ZES patients without a duodenal tu- 


mor, except that there was a lower 
percentage of malignant tumors and 
a higher number of men (Table). The 
site of the tumor could not be pre- 
dicted from the clinical character- 
istics. The clinical course in both 
groups was characterized by a pro- 
gressive ulcer diathesis with recur- 
rent ulcer complications requiring re- 
peated surgical interventions. 

Many patients with DWTs had sur- 
gical procedures before acid studies 
were performed, so that complete 
data on gastric secretion in patients 
with an intact stomach and vagus 
were scanty. All patients had evi- 
dence of gastric hypersecretion. 
There were ten patients who, prior to 
any surgery, had a one-hour basal 
acid output (BAO) and the hydrochlo- 
ric acid production of nine of these 
ten patients was more than 15 
mEq/hr. Although a ratio of basal 
acid output (BAO) to maximal acid 
output (MAO) of 0.6 or greater is 
characteristic of the ZES, this was 
present in only two of six patients 
studied with DWTs. The ratio was 
less than 0.6 in the remaining four 
patients, illustrating that patients 
with DWTs may respond to hista- 
mine phosphate or pentagastrin. 
Probably less than 3% of ordinary 
duodenal ulcer patients will produce 
more than 15 mEq/hr of hydrochloric 
acid under basal conditions. A BAO is 
a relatively simple screening proce- 
dure, and ulcer patients who produce 
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more hydrchlere acid than 15 
mEq/hr shon.d have gastrin deter- 
minations prer -o elective surgery to 
rule out the aresence of gastrin-pro- 
ducing tumors. 

Most of these patients with DWTs 
had their first sarzgical procedure for 
ulcer disease pri »r to the period when 
serum gastrn ieterminations were 
available by radio mmunoassay tech- 
niques. Serur gastrin determinations 
were availakle in 16 patients. The 
gastrin level. wre elevated in all 16 
patients stuGied The elevated preop- 
erative gastrn Evel returned to nor- 
mal after complete tumor excision in 
three patient. 


Location of Tumors 


Perhaps the mest impcrtant find- 
ing in this stady was the frequent as- 
sociation ef sanereatic or metastatic 
or both islet--ell temors in the 103 pa- 
tients with L W7s Based on the loca- 
tion and extent of the tumor, the pa- 
tients were divided into four groups 
(Fig 1). In 5=% cf che patients, tumor 
sites in addition te the duodenal wall 
were found. The difficulty in detect- 
ing these oft=n eccult tumors is illus- 
trated by the inding that in only 22% 
of the patients was the DWT identi- 
fied and remeved at the first oper- 
ation. The L WT was an incidental 
discovery by the pathologist in a re- 
seetion portion of the duodenum in 
16% of the p-tients. 
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Operative Procedures 


Seventy-three percent of the pa- 
tients underwent more than one oper- 
ation. To assess the effectiveness of 
various surgical procedures on the 
treatment of gastrin-producing 
DWTs, we have divided the operative 
procedures into four categories, gen- 
erally based on the status after the 
last operation: local tumor excision, 
total gastrectomy, radical tumor exci- 
sion, and any other procedures, the 
end result of which is less than total 
gastrectomy and complete tumor ex- 
cision. Most of these latter patients 
had subtotal gastrectomy and vagot- 
omy without resection of the tumor. 
Although local tumor excision was 
considered the definitive operative 
procedure in 28 patients, in only two 
patients was the duodenal tumor 
alone excised, leaving the patient 
with a completely intact stomach and 
vagus. All other patients in this cate- 
gory had at least a partial gastrec- 
tomy (with or without vagotomy) in 
addition to the local tumor excision. 

Group 1.—In patients with solitary 
DWT, the results of surgery are 
shown (Fig 2). Twenty-four of these 
patients underwent local tumor exci- 
sion. Twenty had good results, while 
two have recurrent ulcers. Two pa- 
tients died during the postoperative 
period. An additional 19 patients, 
not included in Fig 2, had what was 
thought to be a solitary duodenal tu- 
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mor locally excised, only to develop 
subsequent ulceration requiring addi- 
tional surgery, such as total gastrec- 
tomy or  pancreatectomy. These 
patients were reclassified. This 
constitutes a 51% (21 of 41 surviving 
operation) failure rate of local tumor 
excision and reflects the higher inci- 
dence of multiple undetected tumor 
sites. Four late deaths were unrelated 
to gastric hypersecretion. (Two died 
of squamous cell carcinoma of the 
lung, one of myocardial infarction, 
one of cardiovascular accident.) Sev- 
enteen patients with solitary DWTs 
had total gastrectomy. Those 13 sur- 
viving operation were free of ulcer up 
to six years postoperatively. Only one 
patient had a radical tumor excision 
(Whipple procedure) and is well nine 
years after resection. Four patients 
had partial gastrectomy only. All died 


in the immediate postoperative pe- 


riod from complications of continued 
gastric hypersecretion. (Three died 
with perforations and one with gas- 
trointestinal tract hemorrhage.) 
GROUP 2.—Twenty-six patients had 
a DWT with metastases to local 
lymph nodes (Fig 3). Of the four pa- 
tients with local excision of the 
duodenal tumor and obvious nodes, 
there is one patient apparently free 
of ulcer ten years after surgery. A 
second patient in the “Other” cate- 
gory underwent subtotal gastrectomy 
without tumor excision, only to die 14 
years later with a marginal ulcer. 
These two patients illustrate that, 
while patients with gastrin-produc- 
ing duodenal tumors may have a ful- 
minant ulcer diathesis, some will have 
a more benign variant. Therefore, the 
clinical course immediately following 
tumor excision is not necessarily an 
accurate indicator of residual tumor. 
Of 15 patients with total gastrec- 
tomy, those who survived operation 
had satisfactory results. In this group 
is one of the two patients who died as 
the result of metastatic islet-cell car- 
cinoma. The two other deaths were 
from a persistent enterocutaneous 
fistula and from a ruptured abdomi- 


nal aortic aneurysm. Of five patients 


Fig 1.—Location of associated islet-cel! tu- 


mors in 103 patients with DWTs and ZES; 
53% of the patients have multiple tumor 
sites. 
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Local Tumor 
Excision 
(24 pts.) 


Total 
Gastrectomy 
(17 pts.) 


Radical Tumor 
Excision 
(1 pt.) 








<30 days 





30 days - 5 yrs. 
FOLLOW UP 
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Fig 2.—Results of surgery and current status in 46 patents from group 1 with solitary 
DWTs. Each figure represents one patient, and length of time patient has been observed 
since indicated surgery is noted. Patients covered with X are dead; * indicates two patients 
with recurrent ulcer disease. Two nonoperative patients are not included here. 


with radical tumor excision, four were 
considered good long-term results. 
One of the patients died following an 
insulin reaction 11 years after total 
pancreatectomy, and illustrates one 
of the hazards inherent in radical tu- 
mor excision in which total or near to- 
tal pancreatectomy is done. 

Group 3.—There were 24 patients 
with duodenal wall and associated 
pancreatic tumors (Fig 4). Only those 
patients with total gastrectomy have 
survived. Two patients with at- 
tempted radical tumor excision died 
of postoperative complications. Ten 
patients had incomplete tumor or 
stomach removal or both and seven 
died in the postoperative period, 
while two late deaths were from per- 
forated ulcers. One patient in this 
group is one of only two patients 
from the entire series of 103 patients 
who died as a result of progressive tu- 
mor growth. 

Group 4.—There were five patients 
with DWT and pancreatic islet-cell 
hyperplasia. Four of these patients 
had a variety of surgical procedures: 
local duodenal tumor excision in two 
patients, Whipple resection in one pa- 
tient, and total gastrectomy in one 
patient. This group is too small to 
make definitive conclusions as to 
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therapy. However, pancreatie islet- 
cell hyperplasia has been identified as 
the apparent sole gastrin-preducing 
source in 38 patients without DWTs 
in the Z-E Tumor Registry. Because 
of this, we feel a total gastrectomy is 
indicated for any patient with the 
ZES and true hyperplasia of the islet 
cells, with or without associated tu- 
mors. 


Comment 


Although DWTs associated with 
gastric hypersecretion and peptic ul- 
cer disease were reported as early as 
1954,’ Oberhelman’s reports brought 
attention to this group of patients 
and suggested that local or radical tu- 
mor excision may be a desirable al- 
ternative to total gastrectomy." 
Controversy has existed as to the best 
mode of treatment in this group. 

All DWTs do not produce gastrin, 
and the presence of a DWT does not 
necessarily mean that the patient has 
the ZES or even gastric hyper- 
secretion. These DWTs may be called 
islet-cell tumors or carcinoids by the 
pathologist. The usual histologic tech- 
niques and electron microscopy have 
been unable to differentiate func- 
tional from nonfunctional tumors.** 
The surgeon must decide whether 
these tumors are functional on the 
basis of the patient’s acid secretory 
studies and gastrin determinations. 
On the other hand, it has been clearly 
shown that DWTs may be responsible 
for the ZES. Thompson has demon- 
strated by tissue extraction that .a 
DWT in a patient with the ZES 
contained a “gastrin-like” secre- 
tagogue.® Jaffe et al, using gastrin 
radioimmunoassay techniques, have 
shown that excision of an occult DWT 
in patients with hypergastrinemia 


Fig 3.—Results of surgery and current status in 26 patients from group 2 with DWT and 
local lymph node metastasis. Patients covered with X are dead; * indicates death from tu- 
mor. Total gastrectomy gave best overall results. 
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Fig 4.—Results ef surgery and current status in 24 patients from group 3 with duodenal 
wall and pancreatic tumors. Patients covered with X are dead; * indicates death from meta- 
static tumer. Only patients with total gastrectomy have survived. 


and gastrie hypersecretion will lower 
the serum gastia level to normal." 

Out of 103 petients, there were 39 
with malignant lesions evidenced by 
tumor metaszases or vascular or lym- 
phatic imvasior. Only two patients 
have died of metastatic disease. This 
is a reflection of the low malignant 
potential of taese neoplasms that 
generally grow slowly and metasta- 
size lecally. Complete tumor excision 
should rid the patient of the gastrin- 
induced hypersecretion as well as 
lessen the risk of death from metas- 
tases. If Frissen’s hypothesis is 
true,'*"* however, and total gastrec- 
tomy causes tumor regression (or in- 
hibits progression), patients so 
treated may wal have similar tumor 
mortality to thase with radical tumor 
excision. Only long-term follow-up 
studies will effectively settle this is- 
sue. 

Patierts treated by total gastrec- 
tomy had bettar overall results than 
those with radical tumor excision. 
Late morbidity :n the total gastrec- 
tomy group (ez, malnutrition) is off- 
set by the brittle diabetic pattern 
that often fo \cws pancreatectomy, 
and the need for daily enzyme re- 
placement. Twenty percent of pa- 
tients with racical tumor excision re- 
quired further sargery for continued 
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gastric hypersecretion and its se- 
quelae. No recurrent ulcers developed 
in the total gastrectomy group. 


Surgical Management 


The following clinical situations in- 
volving DWTs are those frequently 
encountered by the surgeon oper- 
ating on a patient suspected of har- 
boring a gastrin-producing tumor. An 
approach to surgical management is 
suggested for each situation based on 
information obtained in the present 
survey and from previous reports 
from the Z-E Tumor Registry.” 

Solitary DWTs: Local excision of 
Tumor, Vagotomy, and Hemigas- 
trectomy.—If after thorough explora- 












- |slet-cell hyperplasia 





Summary of Data 


ZES With ZES Without 
Duodenal Tumors Duodenal Tumors 
(103 Patients) (697 Patients) 
Alive 46% 51% 
Malignant 38% 62% 
Diarrhea 32% 38% 
Perforations 37% 30% 
Multiple endocrine adenomas 24% 28% 
Family history of ZES 
or endocrinopathy 21% 18% 
Average number of operations 2.7 2.5 
(Range 1-9) (Range 1-8) 


tion, multiple lymph node biopsies, 
and resection of the pancreatic tail, 
the surgeon is convinced that the 
duodenal lesion is a solitary one, then 
vagotomy and hemigastrectomy with 
local tumor excision would be the ac- 
ceptable procedure. Theoretically, lo- 
cal tumor excision alone would be 
curative; however, vagotomy and 
hemigastrectomy are added because 
ZES patients have parietal cell hyper- 
plasia” and the potential for gastric 
hypersecretion remains even after 
the gastrin-producing tumor is re- 
moved. Postoperative gastric secre- 
tion and serum gastrin studies must 
be observed to provide prompt dis- 
covery of patients with residual tu- 
mor. Follow-up should be continued 
long after discharge from the hospi- 
tal, because some patients will not 
show evidence of residual tumor for 
many years after operation. 

DWTs and Local Lymph Node Me- 
tastasis: Total Gastrectomy.—Total 
gastrectomy has generally given the 
best results when compared to radical 
pancreatic resective surgery for pa- 
tients with malignant gastrin-pro- 
ducing tumors. The deaths associated 
with total gastrectomy for the most 
part have been in the immediate post- 
operative period and are related to 
the large number of poor-risk pa- 
tients requiring emergency surgery.” 

Duodenal Wall and Pancreatic Tu- 
mors: Total Gastrectomy.— The only 
survivals with this combination of le- 
sions are in those patients with total 
gastrectomy. 

DWTs and Distant Metastasis (ie, 
Liver): Total Gastrectomy.—Many sur- 
geons have been reluctant to perform 


9% 12% 
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total gastrectomy when liver metas- 
tases are present; however, longevity 
studies of ZES patients in the Tumor 
Registry have shown many long-term 
survivals (up to ten years) after total 
gastrectomy in patients with liver 
metastases. There appear to be no 
deleterious effects of hyper- 
gastrinemia, per se, in the absence of 
the stomach. Death from tumor pro- 
gression may occur, but has been in- 
frequent. 

No Tumor Found: Vagotomy and 
Hemigastrectomy.—The patient under- 
going exploration for a suspected 
gastrin-producing tumor must have a 
thorough intraoperative exploration. 
This includes multiple peripancreatic, 
periduodenal, and mesenteric lymph 
node biopsies with frozen section 
diagnoses, careful examination of the 
entire pancreas after Kocher maneu- 
ver and mobilization of the body and 


_ tail, and open palpation of the duode- 


nal wall. If the index of suspicion re- 
mains high, ie, elevated gastrin level 
and marked gastric hypersecretion, 
then a distal pancreatectomy is done 
to rule out pancreatic islet-cell hyper- 
plasia. If still no tumor has been 
found, then a bilateral truncal vagot- 
omy and hemigastrectomy is per- 
formed. This approach in ulcer pa- 
tients with an elevated gastrin level 
and no obvious tumor is supported by 
recent reports of patients with gas- 
tric hypersecretion and hypergas- 
trinemia secondary to antral gastrin- 
cell hyperplasia that is reversed by 
truncal vagotomy and antrectomy.'*® 
We have been reluctant to do a total 
gastrectomy without a tissue diag- 
nosis. 

The surgeon may encounter a pa- 
tient suspected of harboring a gas- 
trin-producing tumor who had under- 
gone numerous surgical procedures in 
attempts to control recurrent ulcer 
diathesis, and yet a tumor had not 
been found. Total gastrectomy might 
then be necessary, even without a tis- 
sue diagnosis. Serum gastrin deter- 
minations would be most important 
in such patients. 

In concluding, it should be 
reemphasized that duodenal wall, is- 
let-cell tumors are found in 13% of pa- 
tients with the ZES. Less than half of 
these duodenal lesions are solitary. 
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Successful surgical management de- 
pends on the surgeon’s ability to iden- 
tify those patients with multiple tu- 
mor sites. 


This investigation was supported in part by 
Public Health Service research grant AM-04150- 
12 and the Eberbach Foundation. 


Nonproprietary Name and 
Trademark of Drug 


Pentagastrin—Peptavlon. 
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Discussion 


DANIEL W. ELLIoTT, MD, Pittsburgh: It 
is a real pleasure to hear this very nice pre- 
sentation of an important subgroup of the 
ZES. I can add very little to it, except to 
note that islet-cell hyerplasia is a frequent 
accompaniment of multiple tumors. This 
has a particular significance for the future 
in patients not subjected to total gastrec- 
tomy. Unless the pancreas is resected, it is 
impossible to know whether islet hyper- 
plasia is present. Nevertheless, where 
there are two or more palpable and dis- 
coverable tumors in the duodenum or adja- 
cent pancreas, this is likely to be the case. 
In other endocrine organs, such as the par- 
athyroids or the adrenals, in which hyper- 
plasia is found, there is an outside stimu- 
lant causing this abnormal growth. The 
implication here is that there is an extra- 
pancreatic, extraduodenal influence which 
produces this islet hyperplasia. If this is 
the case, the excision of two or more tu- 
mors locally will lead to progression of the 
disease. The remaining islets will form pal- 
pable nodules and the full ZES will quickly 
recur. All the patients in this particular 
subgroup have a high level of acid secre- 
tion, and ulcer complications have been the 
principal cause for their deaths. 

Dr. Stanley Friesen has presented evi- 
dence that a total gastrectomy in the pres- 
ence of such multiple tumors will remove 
that extrapancreatic influence producing 
new tumor growth. He states that total 
gastrectomy does more than simply cure 
the ulcer diathesis, but also induces regres- 
sion of an occasional tumor. I want to echo 
the comment by my former chief, Dr. Rob- 
ert Zollinger, on hearing this paper. Dr. 
Zollinger said that he liked this theory 
very much. He doubted if he believed a 
word of it, but he certainly liked the idea. 
The point is that when multiple nodules 
are found, the extrapancreatic stimulation 
remains behind. This is an influence which 
will doom to failure any operation short of 
total gastrectomy. 

Where a solitary nodule is found in the 
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duodenum, exc=ion 2 the nodule has a re- 
sult exactly the same as local excision of a 
pancreatic node. That is, about 50% of 
such patients will ke cured, and about 50% 
will have a prompt uer recurrence. At the 
operating tab= ome can take this 50% 
chance for cum by local excision, if the 
clinical situati-a is uch that the patient 
could undergo æ seecnd operation for total 
gastrectomy w chin a week or two. If the 
situation ismore desverate, then total gas- 
trectomy had >ətter be done at once. 

If you decide upendlocal excision, leaving 
the stomach ir plae, then early attention 
to the postoperative suction will tell you 
very quickty i yom nave been successful. 
Within a day ər twe, the pH of the naso- 
gastric output will f.1] below 2, even to 1.5 
or 1, when the= is »emaining islet tumor, 
and the stemeh is ander its influence. If 
the tumor has seer nemoved, the pH of the 
nasogastric seetion will be much higher, 
usually ramgir= frem 5 to 7, well above the 
ulcer range. 

Dr. WILson: | would like to reemphasize 
the finding th_: DWT's frequently occur in 
association wh etner gastrin-producing 
pancreatic or extrapancreatic lesions or 
both. If the se=zeensencounters a DWT, he 
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must diligently search for other lesions. 
We may be going out on a limb to say we 
advocate tumor excision without total gas- 
trectomy, even in selected cases. I would 
like to describe one example to dramati- 


- cally illustrate this point. A young woman 


was admitted to the Milwaukee County 
Hospital in 1963. The patient had a clinical 
history, roentgenogram findings, and acid 
studies that were compatible with the ZES. 
At surgery, a careful exploration of the 
pancreas was performed, with no evidence 
of tumor being found. Several lymph node 
biopsies were obtained, and the results of 
these were all negative. Our index of suspi- 
cion was high enough so the tail of the pan- 
creas was resected to rule out islet-cell hy- 
perplasia or microadenomatosis. The 
pancreas was interpreted as being normal. 
A very generous gastric resection and va- 
gotomy were performed. Several days 
later, after the pathologist had carefully 
gone over the fixed resected specimens, a 
small 4 to 5 mm submucosal lesion was 
found in the wall of the duodenum just dis- 
tal to the pylorus. In addition, there were 
two small lymph nodes high on the lesser 
curvature, near the proximal line of resec- 
tion, that also contained islet-cell tumor. 


This patient subsequently moved out of 
the state and was lost to follow-up. She did 
not get into trouble until four years later, 
when she perforated a stomal ulcer and a 
total gastrectomy was finally necessary. 
The surgeon was aware of her previous 
history and a thorough search for a pan- 
creatic tumor was made, but none was 
found. If the DWT had been found at the 
time of this patient’s initial surgery, we 
may not have found the small nodes with 
metastases high on her lesser curvature, 
and a tumor excision without total gastrec- 
tomy might have been attempted. I think 
her subsequent course would have been the 
same. She must have residual gastrin-pro- 
ducing tumor. 

It is possible for a patient to go several 
years with residual tumor and a subtotal 
gastrectomy before having complications. 
If the surgeon does excise only the tumor 
primarily, he must be responsible for ob- 
serving the patient very closely with acid 
and gastrin studies. 

We are most grateful to the physicians 
who have provided us with follow-up infor- 
mation on their patients for the Z-E Tu- 
mor Registry. 
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Surgical Approach 


to Pancreatic Inflammatory Disease 


Marion C. Anderson, MD, Toledo, Ohio 


Over a ten-year period 70 patients with 
pancreatic inflammatory disease were 
treated by operation. The most common 
causes were chronic alcoholism (39) and bili- 
ary tract disease (22); nine patients had less 
common causes. 

Comprehensive correction of biliary tract 
disease gave excellent results when this was 
the underlying cause. In contrast, in the 
alcoholic there was a high incidence of in- 
trinsic pancreatic duct obstruction due to 
stricture. Retrograde decompression of the 
exocrine pancreas afforded relief of pain; 
however, the improvement was often tempo- 
rary because a high proportion of these pa- 
tients continued to drink excessively. 


ver the past quarter century 
there has been progress in wn- 
derstanding the causes, as well as the 
therapy for pancreatic inflammatory 
disease. It is apparent that pan- 
creatitis is not a single entity, but 
rather a response to a variety of asso- 
ciated diseases or conditions. More- 
over, the pathophysiology, the pathol- 
ogy, the type of treatment, and the 
success of therapy are variable and 
dependent upon the inciting cause. 
Surgical therapy has passed through 
many stages since the observations 
of Opie,’ who attributed the cause of 
pancreatitis to the reflux of bile into 
the pancreas through a “common 
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channel.” Over the next 50 years ef- 
forts at surgical correction were di- 
rected to the eradication of cholecys- 
titis and lithiasis, prolonged T tube 
decompression of the common bile 
duct, and elimination of spasm and 
stenosis in the terminal common duct 
by sphincterotomy.? 

During the 1950s the maltiple 
causes of pancreatitis became better 
understood. In the United States 
most patients develop pancreatitis as 
a consequence of either chronic bili- 
ary tract disease (cholecystitis with 
lithiasis) or chronic alcoholism. Less 
common causes include hyperparathy- 
roidism, hyperlipidemia, trauma, neo- 
plasms which obstruct the exocrine 
ductal system, and possibly drug tox- 
icity. 

It also became apparent that the 
pathological changes associated with 
pancreatitis vary depending upen the 
underlying cause.‘ Biliary-induced 
pancreatitis develops suddenly in an 
otherwise healthy subject, and ranges 
from a mild edema to overwhelming 
necrosis. Multiple attacks may occur, 


and in milder forms the gland returns 


rapidly to a normal state between at- 
tacks. In the absence of necrosis and 
complications such as pancreatic 
slough, abscess, or pseudocyst, the 
exocrine ductal system and the paren- 
chymal components appear to sustain 
little or no permanent damage. 

In contrast, alcohol-induced pan- 
creatitis represents a progressive in- 
flammatory process, characterized by 
chronic edema and fibrosis, imtra- 
pancreatic ductal strictures, and dep- 
osition of variable amounts of cal- 


cification in the obstructed ductal 
system. Although the patient may re- 
cover from acute attacks, the chronic 
induration and fibrosis remain, and as 
the disease progresses, acute attacks 
occur more frequently, and pain is 
persistent. The exocrine gland is 
gradually destroyed, and when exo- 
crine obstruction is complete, there is 
weight loss, steatorrhea, and malnu- 
trition. Endocrine failure, manifested 
by diabetes mellitus, is also common 
in advanced cases. Thus, the fibro- 
calcific pancreatitis associated with 
chronic alcoholism is quite different 
from the changes produced by recur- 
rent acute attacks of biliary-induced 
pancreatic inflammation. 

Duval and Enquist’ reported that 
distal pancreatectomy and end-to-end 
pancreaticojejunostomy could afford 
retrograde drainage of the obstructed 
pancreatic duct, and pointed out that 
procedures on the biliary tract, in- 
cluding transduodenal sphincterot- 
omy, were destined to fail in cases 
where- ductal strictures occurred 
within the substance of the gland. 

In 1957, Puestow and Gillesby® ex- 
tended the retrograde drainage to in- 
clude longitudinal opening of the 
duct with side-to-side decompressive 
pancreaticojejunostomy. These au- 
thors demonstrated that intrapancre- 
atic strictures may form at multiple 
levels, thereby converting the pan- 
creatic duct into a series of obstructed 
compartments (chain of lakes). Under 
these circumstances simple end-to- 
end pancreaticojejunostomy would 
not be expected to provide complete 
decompression of the exocrine pan- 
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creas. 

Finally, as a consequence of fail- 
ures in the surgical management of 
fibrocalcific parcseatitis, Fry and 
Child’ and Warren and associates“ 
have undertaken an evaluation of 
near-total (95% distal pancreatec- 
tomy to completely eradicate the in- 
flammatory preces. This represents a 
formidable procedure, which is appli- 
cable in a limited number of cases 
where there & ac evidence of major 
duct obstructim or in instances 
where decompressve procedures have 
failed to control tne disease. 

Over the past ten years the author 
has been involved in the surgical 
treatment of 7® patients with pan- 
creatic inflammatory disease. The 
purpose o= this review is to emphasize 
that the successo” surgical therapy is 
related to the accuracy of diagnosis 
and the correctir of the pathological 
process involved m any given case. 


Materials and Methods 


During he past -en years a total of 70 
patients were operated on with a con- 
firmed diagnesis o? pancreatic inflamma- 
tory disease. Cata maintained for each pa- 
tient included a summary of the hospital 
record, phetograrhs of pertinent roentgen- 
ograms, puotemieregraphs of pathological 
specimens, anc opezative photographs. The 
quality of follow-u» information has been 
highly variable. Gepending upon many fac- 


tors including h= associated diseases. - 


Many pacients wth chronic alcoholism 
have been lost œ follow-up, while those 
with biliary-mdaceed pancreatitis were 
more reliable. 

During the ten-year interval approxi- 
mately 358 patieat: were seen in consulta- 
tion for « presumoative diagnosis of pan- 
creatitis. Initval therapy during an acute 
attack consisted @ conventional medical 
measures ineludimg nasogastric suction, 
intravenous fuie herapy, suppression of 
pancreatic exocrine secretion, and broad- 
spectrum-antmicti: therapy to treat sepsis. 
Occasional patiems also received other 
therapeutic agertsconsidered to be contro- 
versial, imeclucing enzyme inhibitors (apro- 
tinin [Tresylcl]),adrenocorticosteroids and 
heparin sodiwm. 

Indications. for operation included the 
following: (1) fa lure to improve or deteri- 
oration durime treatment of an acute at- 
tack witheconvertiwnal medical therapy; (2) 
demonstratioa of a surgically remedial 
cause for parcrea itis during the recovery 
period following an acute attack (gall- 
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stones, etc); (3) recurrent attacks, increas- 
ing in frequency and uncontrolled by medi- 
cal therapy, especially in patients with per- 
sistently elevated serum enzyme levels; (4) 
intractable pain, unresponsive to medical 
therapy, especially when associated with 
persistent serum enzyme elevations; and 
(5) x-ray evidence of compression of the 
gastrointestinal tract by a stable mass (en- 
larged pancreas or pseudocyst) especially 
when correlated with abnormal physical 
findings. 


Results 


Statistical Information.—A total of 
70 patients have been operated on for 
confirmed pancreatitis. In 22 cases 
the underlying cause was chronic cho- 
lecystitis and cholelithiasis, while 39 
were classified as alcohol-induced 
with a fibrocalcific form of chronic 
pancreatic inflammation. In nine the 
cause included three cases of carci- 
noma that resulted in duct obstruc- 
tion and pseudocyst formation, nec- 
rotizing acute pancreatitis in the 
immediate postpartum period in two 
patients, pancreatitis resulting from 
abdominal trauma in two patients, 
and segmental distal pancreatitis of 
unknown cause in two. 

The mean age for patients with bil- 
iary-induced pancreatitis was 48 
years, compared to a mean of 43 years 
in the alcoholic group. The mean age 
in the remaining nine cases was 37; 
this lower figure was due to the fact 
that four patients (postpartum pan- 
creatitis and trauma) were under 25 
years of age. The biliary-induced 
group were predominantly women (19 
of 22) while most of the alcoholic 
group were men (27 of 39). 


Surgical Approach 


Biliary-Induced Pancreatitis.—-Of 22 
patients, 17 had one or more attacks 
of pancreatitis and were operated on 
during a quiescent period. Two pa- 
tients were treated by cholecystec- 
tomy alone; both had cystic duct 
cholangiograms that showed a nor- 
mal-appearing common duct with no 
evidence of stones. One patient had a 
common duct stone removed two 
years following cholecystectomy. Six 
patients had both cholecystectomy 
and common duct exploration, while 
in eight cases transduodenal sphinc- 
teroplasty was also included. Of 15 
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patients subjected to common duct 
exploration, stones were recovered in 
eight cases, and in four of these a 
stone was impacted in the ampulla. 

In five patients pancreatitis was 
complicated by a pseudocyst (three) 
or pancreatic abscess (two). The lat- 
ter were treated by external catheter 
drainage and complimentary chole- 
cystostomy. Two of the three pseu- 
docysts were treated by cytogastros- 
tomy while the third patient had a 
distal pancreatic resection to remove 
a recurrent cyst, which was previ- 
ously drained by cystogastrostomy. 
All three patients with pseudocysts 
had cholelithiasis involving both 
the gallbladder and common duct, 
and the operation in each case in- 
cluded cholecystectomy, common duct 
exploration, and  transduodenal 
sphincteroplasty. 

Pancreatograms (Table 1) were 
performed in five patients with un- 
derlying biliary tract disease and in 
each case the pancreatic ducts ap- 
peared normal. 

Complications (Table 2) were lim- 
ited to two instances of persistent hy- 
pokalemia and two patients who had 
acute renal failure, which responded 
to conventional medical therapy. One 


patient, who had a pseudocyst treated — 5 


by cystogastrostomy, developed a 
mass in the head of the pancreas 
postoperatively, which resolved spon- 
taneously. 

Two patients died in the postopera- 


tive period (Table 3); both had severe 


pancreatitis complicated by pseudo- 
cyst or pancreatic abscess. Both died 
from sepsis that was unresponsive to 
conventional therapy. 

The remaining 20 patients recov- 
ered and 17 of these are free of symp- 
toms and have had no additional at- 
tacks of pancreatitis (Table 4). Two 
patients have required hospitalization 
to evaluate vague complaints in the 
upper part of the abdomen; both have 
responded to mild sedation and anti- 
spasmodic drugs. One patient has re- 


covered from external drainage of a — 


pancreatic abscess and cholecystos- 
tomy performed six months ago, and 
will be admitted for elective cholecys- 
tectomy in the near future. 
Alcohol-Induced 
addition to a generalized chronic in- 
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flammatory process and the common 
occurrence of intrapancreatic ductal 
strictures, 27 of the 39 patients with 
fibrocalcific pancreatitis had associ- 
ated pseudocysts. The approach to the 
latter problem has been reviewed in 
detail in an earlier publication’ and 
will not be repeated here; however, it 
is important to recognize that most 
pseudocysts do not communicate with 
the major pancreatic ducts, and the 
cyst also must be treated either by 
decompression with external or inter- 
nal drainage, or by resection. 

Pancreatography is necessary to 
properly assess the location of intra- 
pancreatic ductal obstruction. Table 1 
illustrates the frequency with which 
pancreatograms were employed to 
identify the presence or absence, 
as well as the level(s) of stricture 
formation. 

In 26 cases, fibrocalcific pancreati- 
tis was approached beginning with a 
complete assessment of the extra- 
hepatic biliary tract. This in- 
cluded cholecystectomy, exploration of 
the common duct, and transduodenal 
sphincteroplasty. The latter provided 
access to the duodenal opening of the 
major pancreatic duct (Wirsung), 
which, in a high proportion of cases, 
opened into the ampulla on the infe- 
rior lip of the papilla of Vater rather 
than more proximally. Once the pan- 
creatic duct orifice was identified, a 
No. 5 or No. 6 F ureteral catheter was 
passed into the duct and a trans- 


Table 1.—Pancreatography 


Retrograde Antegrade 


Alcohol 
Biliary 
Other 
Total 












Biliary 5/22 patients 
Electrolyte imbalance 
Renal insufficiency 
Pseudocyst—head of gland 

Alcoholism 19/39 patients 
Postoperative hemorrhage 4 
Colonic fistula 1 
Late 

Diabetic acidosis 3 
Narcotic addiction 2 
Recurrent pain 9 

Other 1/9 patients 

Electrolyte imbalance 
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ampullary retrograde pancreatogram 
was performed by injecting 3 to 4 ml 
of a 30% solution of a water-soluble 
contrast medium (diatrizoate sodium 
and meglumine [Hypaque M]). 

In 12 cases the retrograde pan- 
creatogram revealed either a normal- 
appearing duct of Wirsung or a dif- 
fuse dilatation of the duct throughout 
its course (Fig 1). In four patients the 
duodenotomy was closed, a T tube 
was placed in the common duet, and 
the procedure was terminated. In 
four patients a pseudocyst was pres- 
ent in the superior portion of the head 
of the gland, which was drained ei- 
ther directly into the adjacent duode- 
num (two cases) or externally (two 
cases); the procedure then terminated 
following closure of the ducdenos- 
tomy and placement of a T tube in 
the common duct. 

In four patients the pancreatogram 
appeared normal; however, a cyst was 
identified either in the body or tail 
of the pancreas. Under these circum- 
stances the duodenotomy was closed, 
a T tube was placed in the common 
duct, and the cyst was either drained 
internally (one patient) or resected 
(three patients). In the latter cases 
the transected pancreas was anasto- 
mosed end-to-end to a defunction- 
alized Roux-en-Y loop of jejunum. 

In ten patients the retrograde pan- 
creatogram revealed an obstruction 
of the duct of Wirsung, which, in 
most instances, was located approxi- 
mately 2 to 3 cm proximal to the am- 
pulla near the junction between the 
duct of Wirsung and the duct of San- 
torini in the head of the gland (Fig 2). 
Under these circumstances demon- 
stration of the pancreatic duct in the 
body and tail of the gland was neces- 


Table 3.—Mortality 


Biliary 2/22 patients 
Sepsis secondary to pancreatic 
abscess 
Alcohol 4/39 patients 
GI hemorrhage-hepatic failure 
Hepatic failure 
Intraabdominal sepsis 
Other 
Cancer 
Sepsis secondary to pancreatic 
necrosis 
Postoperative 7/70 = 10.0% 
Late 4/70= 5.5% 
Total 11/70 = 15.5% 





sary to determine the number and lo- 
cation of additional strictures proxi- 
mal to the obstruction in the head of 
the pancreas. This was accomplished 
by mobilizing the spleen and tail of 
the gland and performing a distal 
pancreatic resection. At least 1 inch 
of the tail was removed because the 
duct divides into a number of smaller 
branches at this level. With the tail of 
the gland transected a ureteral cathe- 
ter was passed into the open duct of 
Wirsung and an antegrade pancreato- 
gram was performed. 

In four patients a single stricture 
was present in the head of the pan- 
creas with a patent but dilated duct 
in the body and tail of the gland (Fig 
3). The obstructed duct was deeom- 
pressed by end-to-end pancreatico- 
jejunostomy utilizing a defunction- 
alized limb of jejunum. 

In six patients multiple strictures 
were demonstrated. The duct of Wir- 
sung was opened longitudinally well 
into the head of the gland and a side- 
to-side pancreaticojejunostomy was 
performed utilizing a defunetional- 
ized limb of jejunum (Fig 4). 

In 13 patients the biliary tract was 
not explored nor was a sphinctero- 
plasty or retrograde pancreatogram 
performed. Six patients had inter- 
nal drainage of pseudocysts with use 
of a defunctionalized limb of jeju- 
num (Roux-en-Y) for decompression. 
Three patients had cystogastrostomy, 
and in three cases cysts in the tail of 
the gland were resected with anasto- 
mosis of the transected pancreas to a 
defunctionalized limb of jejunum. 
One patient had simple external 
drainage of a large acute pseudocyst 
in the body of the pancreas. The fis- 
tula closed spontaneously and he was 


Table 4.—Results 


Biliary 22 Patients 
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Alcohol 39 Patients 
Excellent 
Fair - 
Lost to follow-up 
Died 
Other 9 patients 
Excellent 
Fair 
Died 
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Fig 1.—Fetrogræde transampullary pan- 
creatograr Diffuse dilatation of exocrine 
ductal sysxem. Ampullary orifice of pan- 
creatic duc (arrow). 


lost to folow-ur after discharge from 


the hospizal. 
The incportarce of approaching fi- 
brocalcifie pamcreatitis beginning 


with a careful exploration of the bili- 
ary tract is ilustrated by the follow- 
ing case. 


Report of a Case 


A 43-year-old man was hospitalized for 
treatment of ehrenic unremitting left-up- 
per-quadrant paia. He had a long history 
of heavy =|cohol intake. Clinical evaluation 
revealed .n emaciated man whose results 
from chemical ard roentgenographic stud- 
ies were normal except for a persistent ele- 
vation of -he rum amylase value (1,000 to 
1,500 Somegy# urits/100 ml). 

At operation the head and body of the 
pancreas appeared normal, while the tail 
containec a mass which measured 6 to 8 cm 
in diame-er. Because of the small size of 
the mass anc tle relative inaccessibility 
for interaal Graimage, we elected to mobi- 
lize the mass and resect the tail and distal 
body of tae gland. The mass proved to be a 
pseudocyst. “n antegrade pancreatogram 
revealed a normel-appearing Wirsung duct 
with prompt em>tying into the duodenum. 
The trarsected distal pancreas was im- 
planted end-to-end into a defunctionalized 
Roux-en-Y limb of jejunum. 

Over the rex. year he experienced re- 
peated <ttadks end began to lose weight. 
An intrsveneus cholangiogram failed to 
demonstrate zhe biliary ducts. Reoperation 
14 montas a*te> the pancreatic resection 
revealedesevere hronic cholecystitis; seven 
large faeetec s ones were removed from 
the common bile duct. Following correction 
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Fig 2.—Retrograde transampullary pan- 
creatogram: Dilated ducts in head of gland 
adjacent to duodenum and complete ob- 
struction (stricture) 3 cm proximal to am- 
pulla of Vater (arrow). 


of the biliary tract disease he made a rapid 
recovery, has gained 13.6 kg in an eight- 
month period, and has returned to full 
physical activity. 

Table 5 summarizes the total num- 
ber of procedures involving pan- 
creatic exocrine decompression that 
were employed in the patients de- 
scribed above. 

Complications associated with op- 
erations for fibrocalcific pancreatitis 
are listed in Table 2. Four patients 
developed postoperative gastroin- 
testinal hemorrhage, two following 
cystogastrostomies and two after cys- 
toduodenostomies. In each case the 
bleeding stopped spontaneously after 
a maximum blood replacement of 
2,500 ml. One patient developed a co- 
lonic fistula from erosion of the trans- 
verse colon by a sump suction placed 
into an acute pseudocyst. The remain- 
ing complications occurred later and 
included problems of diabetes control, 
narcotic addiction, and recurrence of 
pain. All of the latter occurred in 
patients who continued to consume 
large amounts of alcohol. 

Four deaths were recorded in the 
aleoholic group (Table 4). Two were 
related to severe hemorrhage. In one 
patient a cyst in the tail of the gland 
spontaneously eroded into the poste- 
rior wall of the stomach. She was ad- 
mitted with massive bleeding; at op- 
eration the cyst was opened and 
bleeding from the splenic artery was 
controlled by splenectomy and distal 


Approach to Pancreatic Disease/ Anderson 





Fig 3.—Antegrade pancreatogram in 
same patient as in Fig 2. Duct has single. 
site of obstruction in head of gland (arrow). 
Decompression of body and tail of pancreas 


accomplished by end-to-end 


creaticojejunostomy. 


pan- 


pancreatic resection. Postoperatively 
the patient developed hepatic failure 
and died on the fifth postoperative 
day. A second patient developed mas- 
sive gastrointestinal hemorrhage fol- 
lowing a cystogastrostomy. Reopera- 
tion provided control of the bleeding 
site in the gastric wall; however, the 
patient developed hepatic coma and 
died one week later. A third patient 
developed hepatic failure following a 
cholecystectomy and common duct ex- 
ploration. The fourth patient had un- 
dergone a gastroenterostomy to by- 
pass a stricture in the duodenum at 
the site of an earlier cystoduode- 
nostomy. He was admitted in a pre- 
terminal state and died as a conse- — 
quence of sepsis secondary to a per- 
forated stomal ulcer. 

The results in survivors were diffi- 
cult to assess (Table 3). Fourteen of 
the 39 patients were lost to follow-up. 
Nine appeared to recover completely 
from their chronic abdominal pain, 
and in most cases there was reason- 
able evidence that they were able to 
control their drinking habit. Twelve 
patients were known to have contin- 
ued difficulty with alcoholism and fre- 
quently returned with a variety of 
problems including uncontrolled dia- 
betes, narcotic addiction, and recur- 
rent pain as described above. 

It is worth emphasis that condi- 
tions of most of the patients with fi- 
brocalcific pancreatitis were im- 
proved following operation so far as 
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Multiple strictures in caudal duct 
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Fig 4.—With multiple levels of obstruction, duct is opened longitudinally and decampres- 
sion provided by side-to-side pancreaticojejunostomy. 


Fig 5.—Antegrade pancreatogram in 16- 
year-old boy. Complete obstruction of duct 
of Wirsung in body of pancreas (arrow). 
Stricture developed secondary to abdominal 
stab wound, which involved the pancreas. 
Treated by retrograde drainage with end-to- 
end pancreaticojejunostomy (Roux-en-Y). 





344 = Arch Surg/Vol 107, Aug 1973 





Table 5 Pancreatic Retrograde 
Drainage Procedures 


Biliary 22 patients 
External drainage, abscess 
Cystogastrostomy 
Resection of cyst with 
pancreaticojejunostomy 


Alcoholism 39 patients 
External drainage, cyst 
Cystogastrostomy 
Cystoduodenostomy 


Cystojejunostomy (Roux-en-Y) 
Distal pancreatic resection 
with pancreaticojejunostomy 
End-to-end 12 
S de-to-side 


Other 
External drainage, cyst 
Distal pancreatic resection 
with end-to-end pancreatico- 
jejunostomy 





the control of abdominal pain was 
concerned. Only those patients who 
were able to abstain from heavy alco- 


hol intake remained well and could 
return to reasonably productive activ- 
ity. 

Other Causes of Pancreatitis.—Of 
nine patients who were not classified 
in one of the above categories, three 
patients, all above age 60, developed 
pseudocysts secondary to a carcinoma 
obstructing the pancreatic duct. In 
each case the correct diagnosis be- 
came evident when the patient re- 
turned later with evidence of metas- 
tatic disease. All three died from 
carcinoma of the pancreas within one 
year. Two patients, 17 and 24 years of 
age, developed fulminating acute 
pancreatitis during the immediate 
postpartum period. Both died in spite 
of biliary decompression and external 
drainage of the infrahepatic area. 
Two patients had pancreatitis sec- 
ondary to trauma. One, a 19-year-old 
boy, developed a pseudocyst following 
a blunt injury incurred in a car acci- 
dent. The cyst was drained externally 
and he made an uneventful recovery. 
The other, a 16-year-old boy, sus- 
tained a knife wound in the upper 
part of the abdomen, which pene- 
trated the body of the panereas. The 
wound was treated by external sump 
suction; after one month a pancreatic 
fistula closed spontaneously. Six 
months later he was referred with 
chronic pain in the upper part of 
the abdomen, back pain, and a per- 
sistently elevated serum amylase 
level (200 to 500 Somogyi units). At 
operation the distal half of the gland 
was enlarged and indurated. A distal 
pancreatic resection and _ pancreat- 
icojejunostomy was performed to de- 
compress an obstruction of the pan- 
creatic duct at the site of earlier in- 
jury (Fig 5). The patient made a 
complete recovery. Two patients, a 
35-year-old man and a 46-year-old 
woman, were operated on for chronic 
pain in the upper part of the abdo- 
men. In both, the distal pancreas was 
enlarged and indurated. Both have 
recovered completely following distal 
resection and end-to-end pancreat- 
icojejunostomy (Roux-en-Y). 

The overall mortality in the group 
of 70 patients was 15.7% with 10% of 
the deaths occurring in the postopera- 
tive period and 5.7% at a later date. 
Three of four late deaths resulted 
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from cancer that was overlooked at 
the time ef an imsernal drainage pro- 
cedure for pseuriecyst. In the biliary 
group the two ceaths were related to 
severe attacks ef pancreatitis in two 
older patients m whom there was a 
delay in inst*tucien of definitive sur- 
gical therapy. Sepsis played a promi- 
nent role in both deaths. In the alco- 
holic group, death was frequently 
secondary to Zepatic failure. Two 
young women cied from fulminating 
pancreatic necrosis in the postpartum 
period; neither responded to any of 
the therapy that was employed. 


Cmament 


This series of 7# patients illustrates 
the diverse mature of pancreatic in- 
flammatien. Tx surgical therapy 
varied, depending upon not only the 
underlying cause. but also the charac- 
ter of pathclogieal changes in any 
given case. 

Biliary pamcreetitis varied from a 
mild, self-limited edematous process 
to an overwhelming pancreatic necro- 
sis. The latter & more likely to occur 
in the older age groups in our experi- 
ence. Comprehensive correction of 
biliary disease, including cholecystec- 
tomy and comp-e.e removal of stones 
in the biliary Cacts, is essential. Pa- 
tients with mu tiple small stones, or 
with evidence C a narrow ampullary 
passage and medequate biliary drain- 
age into the duedenum, also should 
have a tramstuodenal sphinctero- 
plasty. The letteramust be sufficient to 
assure complete division of the am- 
pullary sphincte’ mechanism. Mul- 
tiple, fine, absmmable sutures were 
used to aporexmate the divided 
lower bile duct and duodenal wall to 
prevent leakage -rom the sphinctero- 
plasty. When tke biliary tract disease 
is completdly cenrected, a high per- 
centage of pacients remained free 
from additional attacks of pan- 
creatitis. 

Pancreatitis associated with chron- 
ic aleohelism i. far more com- 
plex in terms sf the pathological 
changes and far less satisfying in 
terms of resuts. The pancreas is 
gradually conversed to an indurated 
fibrotic cord ef tissue. Intrapancreatic 
strictures produce ductal obstruction 
and the latter is dften associated with 
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multiple calcific deposits. Fibro- 
calcific pancreatitis is frequently as- 
sociated with pseudocysts that usu- 
ally do not communicate with the 
major ductal system. Our approach to 
fibroealcifie pancreatitis involved a 
comprehensive decompression of the 
obstructed exocrine gland. This in- 
cluded the elimination of ductal 
obstruction, as well as internal (occa- 
sionally external) drainage or resec- 
tion of pseudocysts. 

We are convinced that, in most 
cases, it is important to begin the op- 
eration for fibrocalcific pancreatitis 
by removing the gallbladder and ex- 
ploring the common bile duct. Cho- 
lecystectomy will not alone affect the 
course of fibrocalcific pancreatitis; 
however, most of the gallbladders 
show evidence of mild to moderate 
chronic cholecystitis. A few of these 
patients also have gallstones, al- 
though the majority do not. Common 
duct exploration reduces the risk of 
overlooking a stone and affords an op- 
portunity to assess the degree of ste- 
nosis in the terminal portion of the 
duct. The latter is a common finding 
and may be associated with an adja- 
cent cyst in the superior portion of 
the head of the pancreas. Such cysts 
are not always readily apparent on 
gross examination, but often displace 
the lower portion of the common duct 
on cholangiography. 

We are also convinced that trans- 
duodenal sphincteroplasty is indi- 
cated in most cases of fibrocalcific 
pancreatitis. In a high proportion of 
cases the ampullary area is stenotic 
and the pancreatic duct orifice opens 
near the inferior lip of the papilla of 
Vater. In some cases the entire pan- 
creatie duct system proximal to the 
ampulla is dilated, indicating that the 
major site of obstruction is localized 
at the ampullary level. In other cases 
it is apparent that the portion of the 
gland adjacent to the duodenum is 
obstructed at the ampullary level, 
while the remainder of the exocrine 
panereas is obstructed by one or more 
strictures more proximally in the 
main duct. Sphincteroplasty will de- 
compress the head of the gland, while 
retregrade drainage procedures are 
necessary for obstruction in the neck 
or body of the pancreas. Sphinctero- 


plasty eliminates the normal mecha- 
nism that controls gallbladder filling, 
and the potential risk of stasis is fur- 
ther reason for removing the gall- 
bladder at the outset of the operation. 
Sphincteroplasty also affords access 
to the outlet of the major pancreatic 
duct (Wirsung). In our opinion, retro- 
grade transampullary pancreatogra- 
phy is important in demonstrating 
the presence or absence of intra- 
pancreatic ductal obstruction. When 
obstruction is present, the most com- 
mon site is usually 2 to 3 em proximal 
to the ampulla in the head of the 
gland. Multiple strictures may be 
present, and this can be determined 
with an antegrade pancreatogram, 
performed with a catheter inserted 
into the duct through the transected 
tail of the pancreas. | 
When one site of obstruction is 


‘identified, we prefer to decompress 


the distal pancreas with an end-to- 
end pancreaticojejunostomy. When 
multiple strictures are present, the 
duct must be opened longitudinally 
well into the head of the gland, and 
drainage is provided by a side-to-side 
pancreaticojejunostomy. 

Pseudocysts also must be decom- 
pressed: Cysts in the head of the 
gland can be drained directly into the 
duodenum when they are intimately 
fixed to the adjacent bowel wall. Sim- 
ilarly, cysts of the body and tail of the 
gland, which are adherent to the pos- 
terior wall of the stomach, can be 
drained by cystogastrostomy. Cysts 
that lack adherence to the adjacent 
gastrointestinal tract can be treated 
by decompression with a Roux-en-Y 
eystojejunostomy. Small cysts in the 
tail of the gland are most easily man- 
aged by resection; retrograde drain- 
age of the transected pancreas into a 
defunctionalized limb of jejunum re- 
duces the risk of postoperative fis- 
tulation, which may occur when the 
pancreas is simply closed. Details of 
the management of pseudocysts are 
presented in an earlier publication.’ 

Although comprehensive exocrine 
decompression represents an exten- 
sive and time-consuming procedure, 
it is our opinion that it offers less risk 
and permits conservation of residual 


pancreatic function when compared 


with near-total pancreatectomy. At 
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the same time, there are indications 
for the latter procedure. For example, 
there are some patients with severe 
chronic pancreatitis who do not have 
exocrine ductal obstruction. The pre- 
cise pathophysiology involved in such 
cases is poorly understood; however, 
it is highly improbable that these pa- 
tients would benefit from exocrine 
decompression. In addition, some pa- 
tients who have undergone exocrine 
decompressive operations may de- 
velop progressive pancreatitis. Unfor- 
tunately, this is most likely to occur in 
the uncontrolled alcoholic who is a 
poor candidate for any operative pro- 
cedure. 

The ultimate results in alcoholic 
pancreatitis are poor because a high 


= proportion of these patients continue 


to drink excessively. Further im- 
provement will depend upon more ef- 
fective methods of therapy for 
chronic alcoholism. 


WituiaM J. Fry, MD, Ann Arbor, Mich: I 
agree with Dr. Anderson’s approach of 
early and aggressive operative therapy for 
the patient with recurrent episodes of pan- 
creatitis. Certainly ruling out the usual 
causes and taking care of the biliary tract 
disease is important. Neglecting biliary 


_ tract disease and allowing recurrent at- 
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tacks of pancreatitis to occur, I believe, 


___ gets one very quickly into dead-end relaps- 
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ing pancreatitis that cannot be helped with 
cholecystectomy and common duct explo- 
ration. 

Our experience with the Duval or distal 
_pancreaticojejunostomy procedure has 
been particularly bad. We believe this is 
because this anastomosis strictures rap- 


_ idly. Our early experience with a limited 


number of patients resulted in failure and 

they have come to subsequent excisional 

_ therapy. I would like to ask Dr. Anderson 

what his long-term follow-up has been 
with distal pancreaticojejunostomy. 

We have been interested in the dead-end 

relapsing patient, the one who has de- 


_ Stroyed virtually most of his pancreas but 
_ who still has severe pain. This is why we 
_ embarked on 95% pancreatectomy a num- 
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ber of years ago. I might bring you up to 
date on our current figures. 

Eighty-one percent of our patients who 
were operated on for 95% pancreatectomy 
have been completely rehabilitated, pain- 
free, and back to their usual gainful occu- 
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Conclusions 

Patients with biliary-induced pan- 
creatitis responded well to correction 
of the underlying disease. The latter 
included cholecystectomy, complete 
eradication of biliary calculi, and, 
in some instances, transduedenal 
sphincteroplasty. 

Alcoholic pancreatitis has a highly 
variable sat of pathological changes 
including severe induration and fi- 
brosis, intrapancreatic strictures with 
duct obstruction, development of cal- 
cific deposits, and pseudocyst forma- 
tion. Our experience suggests that 
comprehensive decompression of the 
obstructed exocrine pancreas, includ- 
ing both ductal and pseudocyst drain- 
age, offers an effective methcd for 
controlling pain associated with fi- 
brocalcific pancreatitis. The ultimate 
results are poor unless the underlying 
problem of alcohol addiction can be 
controlled. 


Discussion 


pations. We have had a 1% operative mor- 
tality. Six percent of our patients arə pain- 
free but are still addicted to alcohol and 
narcotics, and are impossible social out- 
casts. Twelve percent of our patients still 
have pain and are addicted both to alcohol 
and narcotics. So, generally speaking, we 
have a low operative mortality and a rela- 
tively good rehabilitation rate of 81%, but 
still continue to carry about 18% of eur pa- 
tients whom we cannot rehabilitate 

ROBERT E. HERMANN, MD, Cleveland: My 
own experience in thinking abou: pan- 
creatitis is remarkably similar to Dr. An- 
derson’s, with a few exceptions. First, we 
tend to see fewer patients with chronic al- 
coholism, and more patients of an idio- 
pathic variety wherein neither biliary dis- 
ease, alcoholism, hyperparathyreidism, 
hyperlipemia, nor other detectable eause of 
the disease ean be found. Perhaps many of 
these patients are, as Dr. Anderson has 
suggested to me, hidden alcoholics whose 
drinking habits have been successfully 
concealed from their families and associ- 
ates. 

Second, I would only do a formal sphine- 
terotomy or sphincteroplasty when there is 
demonstrable sphincter stenosis. It may be 
necessary to divide the sphincter in some 
cases as an aid to catheterization of the 
pancreatic cuct system, but I don’t believe 
this type of sphincterotomy is necessarily 
therapeutic. 
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I agree that an operative pancreatogram 
is the key to management of chronic pan- 
creatitis and identifies the presence of 
strictures, and helps the surgeon to achieve 
adequate decompression. ; 

Finally, I would like to mention another 
technique of relieving pancreatic duct ob- 
struction caused by stones in the pan- 
creatic duct system. In a number of cases 
of fibrocalcific pancreatitis I have done 
sphincterotomy, dilated the pancreatic 
duct with special probes and dilators, and 
extracted or scraped out stones, cleaning 
and washing out the pancreatic ducts. I 
would like to emphasize that this can only 
be done safely in a fibrotic pancreas. 

LESLIE Wisk, MD, St. Louis: I would like 
to make a few comments about the role of 
emergency operations for acute pan- 
creatitis. 

As you know, the big problem with acute 
pancreatitis is to predict who will do well, 
and who are the ones who will do badly 
with conservative treatment. Recently I 
had the opportunity to attend two patients 
with fulminating acute pancreatitis who 
failed to respond to adequate supportive 
measures. I operated on one of these pa- 
tients, found necrotizing pancreatitis, and 
did a subtotal pancreatectomy; the patient 
survived. The second patient was not oper- 
ated on, and died of respiratory failure. 

This prompted me to review our experi- 
ence with emergency operations for acute 
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pancreatits. Dering the six-year period, 
1965 throuzh 1970, = total of 237 patients 
were treated for aute pancreatitis. Two 
hundred and sevem of these (87%) were 
treated comservativy ly, and in this group 
there wer= a total of 102 complications 
(49%). Sev=nteem of the 207 patients died, 
which is ar 8.2& mextality for conservative 
treatment The cass of death were shock 
in four, renal failzre in three, sepsis in 
three, respiratery f_ilure in two, arrhyth- 
mia in tws, and hepatic failure in one. 

Emergeacy perm ion of some sort was 
performec in 3% patents (12.6%). The indi- 
cations fer operation were uncertainty 
about diasnos= in 14, sepsis in five, ab- 
dominal mass = fiv=, progressive increase 
in serum Piliretin im three, dinical deteri- 
oration w=h am aeixe condition in the ab- 
domen in wo, andiiatestinal obstruction in 
one. Ther= we 6” complications among 
the 30 patients (227%). It was interesting 
to see the pestap2rative complications, 
of whica kK were abdominal, in- 
eluding seven abscesses, two small bowel 
fistulas, "wo large bowel fistulas, two 
wound de -iscenzes,<and one pancreatic fis- 
tula. 

Seven əf the 3C patients required at 
least one additona operatien for compli- 
catiens falowmw ‘he first operative proce- 
dure. The caus2s c the seven deaths, or 
23% mortality. ameng these people, were 
as follow= four sepiratory failures, one 
renal failere, ene l=patic failure, and one 
cardiac amrest- 

These indimes Mdicate that operative 
intervent on ia the management of acute 
pancreati is is assceiated with a high inci- 
dence of morbility and mortality. The in- 
dications for emergency laparotomy 
should be life-avieg in nature: (1) failure 
of clinica, improvement or deterioration in 
spite of en aGequece supportive measure, 
(2) doubt about di=znosis and suspicion of 
a surgically correesable lesion, and (3) ab- 
scess wita sepsis. 

I woul. like te ask Dr. Anderson one 
question. He kad ame patients who had op- 
erations during tae acute stage. What 
were the-comolicasions among those nine 
patients? 

Jonn M. Baar, MD, Chieago: There is 
one area n waich we have had a problem, 
and whic) Dr. and -rson did not mention in 
his discussion This is the problem of the 
patient wno has eb» truction of the common 
duct as « complication of alcoholic pan- 
creatitis. We save a large veterans’ hospi- 
tal, and we kave ollowed in general Dr. 
Andersor’s plan o approach to these pa- 
tients with pamcrestitis, using the methods 
Dr. Anderson has outlined here and estab- 
lished be ore se le t Chicago for Ohio. We 
have seer a numbe= of patients who have a 
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long stenotic segment in the intrapancreat- 
ic portion of the common duct. This often 
fails to resolve even with several weeks of 
T tube drainage, even though the pan- 
creatitis becomes quiescent following oper- 
ation and treatment. I wonder what Dr. 
Anderson’s experience has been in the 
management of this complication of pan- 
creatitis. 

Dr. ANDERSON: I would like to thank all 
of the discussers for their questions. I 


might start by saying that I believe that - 


comprehensive decompression is, in our 
hands, a less risky procedure than near-to- 
tal pancreatectomy. The other good reason 
for this approach, in our opinion, is to con- 
serve as much of the pancreas as possible 
-so that the patient will have a reasonable 
chance for rehabilitation of both endocrine 
and exocrine pancreatic function. 

I recognize that the risks of the Duval 
procedure, Dr. Fry, are very real, and I 
think this is in part related to the fact that 
in some instances isolated areas of ob- 
struction are left behind in the pancreatic 
ductal system. At the same time, I have to 
concede that some of these people do go on 
after decompressive procedures, regard- 
less of the type, to develop recurrent dis- 
ease that is sufficient to incapacitate them. 
This probably is related to the fact that 
these individuals continue to drink and, 
therefore, develop progressive pancreatic 
inflammatory disease. Patients in that 
category are indeed candidates for a near- 
total pancreatectomy, and this is the best 
form of therapy for this group. Also, there 
is a small group of patients I alluded to in 
the paper, who have significant fibro- 
calcific pancreatitis and yet do not have 
ductal obstruction. Obviously, ductal de- 
compressive procedures will not be of help 
to that group, and I suspect most of them 
will probably respond only to a radical re- 
moval of the inflamed area. 

Dr. Hermann indicated that he does not 
perform sphincteroplasty as often as we 
do. We really do this predominantly to get 
to the pancreatic duct. We feel the retro- 
grade pancreatogram is a very important 
part of this procedure. We have several ex- 
amples of multiple dilated ducts in the 
head that fill as a consequence of doing a 
retrograde pancreatogram in the face of 
an obstruction in the main duct system. 
We believe there are patients in whom 
sphincteroplasty does decompress the 
proximal portion of the head of the gland, 
and the retrograde procedure decom- 
presses the remainder of the gland in such 
cases. We have had a number of examples 
in which, once having opened the sphinc- 
ter, it was obvious that there was a stric- 
ture in the pancreatic duct at the orifice 
into the ampulla. 


Dr. Hermann also mentioned that they 
have fewer patients with chronic alcoholic 
pancreatitis than we do. I think that is in 
part related to the fact that the population 
is different in the Cleveland clinic than it is 
at the hospital where I happen to be. Many 
of our patients are obviously alcoholics 
when they arrive, and it is not hard to 
identify them in most instances. I am sure 
the patients in his hospital are referred, on 
many occasions, after having been stabi- 
lized, and it isn’t quite so obvious to any- 
one. . 

I did not get into the operative manage- 
ment of acute pancreatitis. We feel there 
is an indication for operation in acute pan- 
creatitis partially because we do not know 
in every instance which patient has severe 
pancreatitis and which one has one of sev- 
eral other life-threatening conditions 
which can be confused with pancreatitis, 
such as strangulation obstruction, severe 
necrotizing cholecystitis, and so on. I do 
not always know how to tell all these — 
things apart. Certainly, there is no diag- 
nostic test available to us that is infallible 
in providing the answer. 

So, in part, we advocate operation in se- 
lected cases to assure ourselves we are not 
going to miss one of those surgically reme- 
dial lesions. Furthermore, sometimes it is 
helpful to provide decompression of the bil- 
iary tract by inserting a cholecystostomy 
tube. We usually do not try to take out 
the gallbladder. We certainly drain 
pseudocysts and abscesses if present, but 
personally I would not try to do subto- 
tal pancreatectomy under these circum- 
stances. We will place multiple drains in 
the upper part of the abdomen and hope- 
that the patient will respond to this ap- 
proach. We have had a number of patients 
who have. 

The complications from operating on pa- 
tients with acute pancreatitis are very 
real. Many of these patients develop severe 
duodenal and gastric ileus, and may re- 
quire hyperalimentation in the postopera- 
tive period. There is no question that oper- 
ations are associated with complications, 
but so is the nonoperative approach associ- 
ated with complications. 

Dr. Beal asked about obstruction of the 
common duct in pancreatitis. In our expe- 
rience this is an uncommon finding in the 
patient with alcoholic pancreatitis, al- 
though it may occur in the patient with a 
common duct stone. To date, we have not 
had a patient develop persistent obstruc- 
tion of the common bile duct following the 
procedures which we have described. I do 
recognize that this is a possibility, and I 
suppose one way to handle the situation 
would be a side-to-side choledochoduo- 
denostomy. 
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Letters to the Editor 


Intrapericardial Monitoring of 
Dissecting Aortic Aneurysm 


To the Editor.—The management of. 


dissecting aortic aneurysms remains 
controversial. There appears to be 
general agreement that surgery is in- 
dicated for complications such as ret- 
rograde leak with pericardial tam- 
ponade, free aortic insufficiency, lo- 
calized rupture, occlusion of a major 
artery, or continued dissection under 
adequate antihypertensive therapy. 
All these complications may be read- 
ily diagnosed except for a small retro- 
grade leak into the pericardium with 
increasing low cardiac output second- 


_ ary to pericardial tamponade. 


Report of a Case 


We recently admitted a 47-year-old 
white male messenger of normal habitus; 
he complained of severe chest pain. Aor- 
tography revealed an aortic dissection with 
associated aortic insufficiency. Clinically, 
the patient responded well to antihyper- 
tensive therapy as originally described by 
Wheat and Palmer.’ 

The patient refused an operation and 
the problem of management was as fol- 
lows: should the patient manifest low car- 
diac output, would it be due to a myocar- 
dial factor or pericardial tamponade? 

So as to monitor the pericardial space, 
we elected to remove xiphoid with the pa- 
tient under local anesthesia, and to insert a 
tube into the pericardial space, which was 
connected to under-water drainage. The 
patient’s condition continued to be stable 
and the tube was removed five days later. 
With digitalization, the patient tolerated 
his aortic insufficiency well and was dis- 


_ charged two weeks later. It is now four 


months since his dissection and he is doing 
well. 


THOMAS P. COMER, MD 
Bakersfield, Calif 


Reference 
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Complimentary Subscription 
to AMA Specialty Journals 


To the Editor.—The letter by J. 
Garrott Allen, MD, in the ARCHIVES 
(106:363, 1973) raises an important 
issue. 
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I have contributed four articles to 
the ARCHIVES in the last four years, 
and I have chosen that journal pri- 
marily because it does have the larg- 
est circulation of any surgical journal. 


_ Consequently, I have gotten more 


reprint requests than from other ar- 
ticles published in other journals. This 
allows me to find out which authors 
are doing active research in similar 
fields, leading to fruitful professional 
relationships and, hopefully, the fur- 
therance of medical knowledge. 

To do anything that threatens to 
diminish the circulation of the AR- 
CHIVES will decrease its present high 
quality. I, thus, fully agree that the 
Board of Trustees must recensider 
their action and continue to support 
the automatic subscription to a spe- 
cialty journal. 

ALAN MARTY, MD 
Los Angeles 


News has been published in AMA News 
and JAMA to the effect that the Board of 
Trustees have reversed an earlier decision 
and that a chosen AMA specialty journal 
will continue to be a benefit of member- 
ship.—Eb. 


Gastroduodenal Endoscopy 


To the Editor.—Refinements of the 
instruments and techniques for direct 
examination of the upper gastroin- 
testinal tract have led to a burst of 
enthusiasm in early endoscopy of the 
gastrointestinal bleeder. Only re- 
cently, however, have objective data 
been presented to substantiate such 
fervor. While controlled studies have 
yet to be done regarding the actual 
benefit to the patient (could we justi- 
fiably do such studies?), the bedy of 
evidence in its favor is impressive. 
The paper by Allen and his co-work- 
ers' from the Henry Ford Hospital is 
yet one more favorable report. My 
comments, however, are directed 
toward the remarks of Alexander J. 
Walt, MD, following the presentation 
of this paper. As one of the gastroen- 
terologists to whom he refers, al- 
though hopefully not “dilatory,” I 
must take exception to his general 
statement that “. . . we [surgeons] 
will learn to use this instrument and 





make it peculiarly our own.” 

A recent editorial? addresses itself 
to the subject of “Who Should Per- 
form Peripheral Vascular Surgery?” 
Points are made to limit this type of 
surgery to those who are well trained 
in its nuances. “Ours is clearly not a 
field for the physician who operates 
occasionally.”* I ask the question, 
“Who should perform endoscopy?” 

The technique of “passing the 
scope” is learned really rather 
promptly. Recognition of lesions, es- 
pecially in emergency situations, is 
not so readily learned. As with surgi- 
cal technique, experience is manda- 
tory, and I question whether the aver- 
age surgical resident has either the 
time or inclination to master this pro- 
cedure. Well-trained gastroenter- 
ologists, on the other hand, usually 
perform over 500 such procedures dur- 
ing a two-year training program. If 
such expertise is available, should it 
not be used? 

Lest my comments be miscon- 
strued, this is not a plea to make 
esophagogastroduodenoscopy the 
“fiefdom” of the internist-gastroenter- 
ologist. Whoever performs such a pro- 
cedure should, however, be fully qual- 
ified to do so, be he surgeon, internist, 
or whatever. Perhaps standards 
should be established for each com- 
munity, if not nation-wide, but it is 
beyond the scope of this letter to dis- 
cuss such. 

The goal of medicine is to provide 
the best possible care to each patient. 
Assuming that such physicians are 
available, and not dilatory, proce- 
dures such as endoscopy should be 
performed by those best qualified, re- 
gardless of their subspecialty desig- 
nation. Then the use of “such instru- 
ments” will “pass from the grasp” of 
neither the surgeon nor the gastroen- 


terologist. 
WALTER L. PETERSON, JR., MD 
Dallas 
References 
1. Allen HM, Block MA, Schuman BM: 
Gastroduodenal endoscopy. Arch Surg 
106:450-455, 1973 


t Gaspar MR, erigi Hy; Who spy pa 
perform peripheral vascular surgery? Am 
J Surg 155:265-266, 1973. 
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Robert M. Goldwyn, MD, Book Review Editor 


The Unfavorable Result in Plastic Sur- 
gery: Avædasce and Treatment. Edited 
by Robert  Geaiwym, MD. Price. $38.50. Pp 640, 
with ever 40 iLustzations. Little, Brown & Co, 
34 Beacon St, stoa, 02106, 1972. 


This mos recessary book, with 
chapters writtea by 54 authors, covers 
every branen of plastic surgery and 
brings tae reader down out of the 
rosy clouds with which so much of the 
literatur= ic surfeited to the pitfalls 
which awat surgeon and patient 
alike in “he hard world of reality. No 
aspect, BO maach, no operation, no 
surgeon, ne patient is immune from 
the unwented and unexpected result. 

Sectioa 1 cortains chapters on the 
booby-trape which await one in local 
and regpnel aaesthesia, flaps, graft- 
ing, scar re~isiens and formation, use 
of implants: end in dressings, splints, 
and cast. Im the second section, the 
reader is pi oced through the surgery 
of some of -te common congenital 
anomali+s, facal injuries, and head 
and neck cencer. The third section is, 
rightful’y, -e longest one as it de- 
scribes the multitude of problems 
that can amis: in the many fine 
aesthetic aperstions. Section 4 exam- 
ines the prookems in hand surgery. 
Section 5 covers miscellaneous items 
such as hyjesdadias, pressure sores, 
and “nalpeaccice’—the latter from 
the vievpomes of the plastic surgeon 
and the trial attorney. 

In pibtimg an aircraft, or in any 
other h=zardous occupation, to know 
the peris is the first essential and gi- 
gantic Sep teward successfully avoid- 
ing them. Ecitor Goldwyn has wisely 
insisted however, that his authors in- 
clude specie suggestions on how to 
best avoid tne specific perils associ- 
ated wi-h eack plastic surgical proce- 
dure. Fer those who get into trouble 
anyway (and it is not possible to 
avoid ever? poblem), there are fur- 
ther specif: remedial suggestions. 

If this beox were read and the sug- 
gestion. taerein were followed im- 
plicitly 3y =yery person doing plastic 
surgica procedures—senior surgeon, 
junior sure eon, trainee, well trained, 
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poorly trained, untrained, those 
trained only in other specialties, and 
so forth—it is likely that nearly every 
avoidable complication or poor result 
in this area could be avoided. With 
the arrival of this surgical millenium, 
the current pandemic of malpractice 
suits could then be quickly ended (in 
this one field, at least), if Congress 
would but have the courage to follow 
Shakespeare’s sage advice regarding 
lawyers. 

I would hope that the chief of every 

training program in plastic surgery 
would make this book required read- 
ing for his residents, and that the 
American Board of Plastic Surgery 
would base many of its examination 
questions on the material therein. 
More importantly, nearly every prac- 
ticing plastic surgeon could benefit 
from a “refresher course” in these 
things, as editor Goldwyn so clearly 
points out: 
The book should also stimulate a review of 
our thought processes in treating a pa- 
tient. One will soon realize what complex 
measures he takes, consciously or uncon- 
sciously, to avoid an unwanted outcome in 
achieving the surgical objective. This chess 
player’s mentality is discernible at every 
step in the therapy, from the first encoun- 
ter to the last good-bye. 

The above quotation, and the book, 
outline the chief difference between 
the “pro,” whose brain is constantly 
busy as a supercomputer calculating 
the possible benefits and hazards to 
the patient of every move he makes, 


and the amateur, who is but following 


some cookbook recipe or “doing what 
comes naturally.” 
FRANK McDowELL, MD 
Honolulu 


Hazardous to Your Health: A New Look 
at the “Health Care Crisis’ in America. 
By Marvin Henry Edwards. Price, $9.95. Pp 318. 
Arlington House, 81 Centre Ave, New Rochelle, 
NY 10801, 1972. 


It was inevitable! In writing Haz- 
ardous to Your Health: A New Look 


at the “Health Care Crisis” in Amer- 
ica, Marvin Henry Edwards has writ- 


ten the book that alleges to “give you 
forewarning about what will happen 
if socialized medicine comes to the 
United States.” Edwards worked as a 


newspaper reporter and editor, and — 


then spent five years in advertising 
and public relations. Since 1968, Mr. 


Edwards has been editor of Private 


Practice, a magazine for the medical 
profession, and has reported on the 
political and socioeconomic factors af- 
fecting medical practice in the United 
States. Mr. Edwards writes, 

This is not a pro-doctor book. This is, in- 
deed, a pro-patient book. For if national 
health insurance or any of the broad-scale 
government health programs which have 


been proposed become law, it is the patient — 
who will pay, in terms of higher medical — 


costs (through increased taxation) and 
lower quality medical care. 

Hazardous to Your Health makes 
no attempt to present both sides of 
the argument concerning the mode of 


delivery of medical care. It presents a — 


series of self-contained monographs 


that extol the virtues of private medi- | 


cine as presently practiced in the 


United States. The book is divided | 


into four parts. Part 1, “The Cam- 
paign,” discusses the efforts over the 


past 30 years to make “health care — 
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crisis” a household word and to create 


the illusion of a widespread popular 
demand for change in the medical 
care system. 

Part 2, “The Crisis,” attempts to 


debunk the assumption that “... for — 


the greater majority of Americans, 


the health care crisis is not a TV show © 


or a presidential address; it is an on- 
going crisis of survival.” Mr. Edwards 
presents data to show that despite 
the cries of critics to the contrary, the 
American citizen continues to enjoy 
unequaled medical care. He compiles 
an impressive set of statistics on ma- 


ternal and infant mortality from this — 
and other countries to support his ar- | 


gument, but ignores the fact that oth- 
ers have used precisely the same sta- 
tistics to criticize medical care in 
America! Edwards also examines the 
question of whether there is a cost 
crisis in medical care, and whether 
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the increase in costs is in line or out 
of line with the general economic in- 
flationary pattern in the United 
States during the same period of 
time. Mr. Edwards then examines 
whether or not there is a national 
shortage of physicians, nurses, and 
technicians and comes to the conclu- 
sion that the “maldistribution crisis,” 
like the doctor shortage itself, is a 
myth and consists more of rhetoric 
than of reality. 

Part 3, “The Experience,” examines 
those countries already “burdened” 
with national health insurance plans 
(using Great Britain as an example), 
and also looks into the effort of the 
United States in medical care, using 
the Veterans Administration and 
Public Health Service as examples. 

Part 4, “The Choices,” discusses the 
alternatives of private enterprise vs 
government care and examines in 
oversimplified detail the statement 
that people have the “right to health 
care.” Edwards maintains that the 
right to health care is an imposition 
of ersatz rights that deprive the na- 
tion’s doctors and taxpayers of rights 
that are very real. The use of pseu- 
dolegal arguments here is far from 
convincing. The book concludes with 
two appendixes summarizing the his- 
tory of the campaign for national 
health insurance and some of the 
plans for government health care in- 
cluding the Kennedy-Reuther Bill, 
the Nixon Plan, Medicredit, and the 
Ameriplan. 

Mr. Edwards decries the slick and 
often subliminal attacks on the free 
enterprise system in medical care 
that he insists have been going on 
systematically over the last several 
decades in an attempt to convince the 
American public that there is a health 
care crisis in the country and that na- 
tionalized insurance is the only solu- 
tion. He spends much time document- 
ing this effort and the failure of 
nationalized care in other countries. 
Yet, Mr. Edwards is as guilty of slick, 
glossy, professional journalism and 
propaganda as the very adversaries 
he is attacking! His style uses a clever 
turn of the phrase with a look at “free 
enterprise” as the answer to all prob- 
lems in medicine. Hazardous to Your 
Health is in essence a companion 
piece for the nonmedical lay public to 
the magazine Private Practice, which 
he edits for the medical profession. 
His constant references to articles in 
Private Practice, which he uses as a 
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source of documentation to his argu- 
ments, end up being circuitous proofs 
often presented out of context and 
should fool no one. Certainly, the data 
presented here are impressive; just as 
certainly, however, the book attempts 
to be a scientific documentation of the 
facts without adequate scientific con- 
tent. One cannot argue the fact that 
Mr. Edwards is caught between the 
need to appear scientific and the need 
to sustain his readership. However, 
for the slightly sophisticated reader, 
the concerned citizen, and the inter- 
ested medical community, this book is 
at best a disappointment, perhaps 
even to the Conservative Book Club 
for which it was a selection. 
Unfortunately, at present, there is 
no popular book that presents the 
pros and cons of private practice vs 
nationalized health insurance in a 
logical and readable way. For easy 
reading, perhaps the best thing is to 
recommend not only this book, but 
also the book by Edward M. Kennedy 
entitled In Critical Condition: The 
Crisis in America’s Health Care. 
Both are oversimplified in their views 
and presentations, but reading them 
both (having been forewarned) may 
allow the reader to come to his ør her 
own conclusion on what will surely be 
one of the most heatedly debated 
topics of this decade. 
ROBERT S. BLACKLOW, MD 
Boston 


Cardiac Surgery, vol 1 and 2. Edited by 
Dwight E. Harken, MD. Price, $12 each. Pp 317 
(vol 1), 184 (vol 2). FA Davis Co, 1915 Arch St, 
Philadelphia, 1971. 


The two latest volumes in the Car- 
diovascular Clinics Series represent a 
timely addition to the rapidly ex- 
panding literature in the field of car- 
diovascular surgery and continue the 
fine tradition of the previous issues. 

Dr. Harken, the guest editor, has 
invited outstanding authorities to 
contribute in their primary areas of 
interest and experience. The result of 
their effort is overall excellence 
though at times it suffers from the 
flaws of multiple-authored compen- 
diums. Some overlap occurs in several 
areas involving valve substitution 
and perhaps one chapter on the 
bioengineering and evaluation of 
prosthetics might have brought to- 
gether some of the clinical state- 
ments made in specific chapters on 
aortic, mitral, and tricuspid replace- 
ments. Most of the papers are well-il- 


lustrated, aiding the medical student 
or resident reader, while others, no- 
tably the chapter on aortic valve dis- 
ease, have no pictorial information. 

The presentations are generally 
well-written and provide current and 
well-organized material on most of 
the pertinent areas in cardiac sur- 
gery. The section on myocardial re- 
vascularization seemed somewhat 
brief for such an important and con- 
troversial subject. This field, however, 
is changing so rapidly it is almost 
necessary to keep up to date with a 
monthly review of the surgical jour- 
nals. 

Though the volumes are not in- 
tended as a comprehensive text on 
cardiac surgery, they might have cov- 
erage of more complex congenital 
heart lesions such as anomalous pul- 
monary venous return and truncus 
arteriosus. 

The sequence of the presentations 
deserves some comment. A more 
fluent approach for the general 
reader would have placed the chap- 
ters on cardiopulmonary bypass, an- 
esthesia, and monitoring in the intro- 
ductory section contiguous with 
sections on cardiac catheterization 
and indications for surgery. All of the 
chapters have excellent references, 
and the index is quite adequate. The 
epilogue by Dr. Harken draws into 
sharp focus many of the problems 
facing this dynamic and rapidly ex- 
panding surgical specialty. 

These volumes can be highly recom- 
mended to the entire medical commu- 
nity and will be most important as an 
overview for students, surgical resi- 
dents, and cardiologists. 

JACK J. GREENBERG, MD 
Miami Beach, Fla 


Techniques of Abortion. By Selig 
Neubardt, MD, Harold Schulman, MD. Price, 
$11.50. Pp 192, with 4 illustrations. Little Brown 
& Co, 34 Beacon St, Boston 02106, 1972. 


In light of the recent US Supreme 
Court decision concerning abortion, 
this book assumes great practical im- 
portance. Most physicians have little 
experience in the termination of 
pregnancy. Hospitals are not orga- 
nized to provide surgical services for 
large numbers of essentially healthy 
women. In this small volume, the au- 
thors describe their experience in op- 
erating an outpatient abortion ser- 
vice founded in response to the 
liberalization of the New York abor- 
tion statute. 
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This boek presents a radical depar- 
ture from the traditional patterns of 
health care delivery. Abortion, a 
solution to unwanted pregnancy, is 
viewed as an isolated disease process, 
treated without hospital admission; 
surgery is performed without general 
anesthesia. Private practitioners are 
encouraged tc refer their patients to 
clinic physicians who in turn delegate 
counseling and family planning edu- 
cation to paramedical personnel—all 
this on the stated basis of economy, 
safety, and efficiency. 

The authors have written an excel- 
lent “how-to” boek. Detailed descrip- 
tions of the techniques of local anes- 
thesia and abortion in pregnancies up 
to 12 weeks. and beyond 12 weeks are 
well-presentec and illustrated. The 
management ef complications is care- 
fully discussed. Here, too, are more 
controversial points. Suct.on aspira- 
tion is performed without cap, gown, 
mask, or sterile drapes, asing only 
sterile gleves Pathologic examina- 
tion sections are made only if obvious 
fetal tissue is not obtained. 

Abortion for the more advanced 
pregnancy is described s an out- 
patient procedure, with the patient 
sent home after amniocentesis and 
saline injection. She is told to return 
in labor to pass the fetus and pla- 
centa. Instructions are given so that 
if the patient cannot return in time, 
she may deliver herself. Postpartum 
care under direct medical and nursing 
supervision in most cases averages 
one hour. 

The author’s own statistics, as well 
as those of the New York experience 
in general. show a remarkzble degree 
of safety for pregnancy termination 
in the first 12 weeks. With “salting 
out,” however, the authors lost 18% of 
their patients to fellow-up and had a 
20% complication rate. At their own 
institution, seline aborticn is now 
performed as an inpatient procedure. 

The boek includes an excellent 
chapter orn creating an abortion ser- 
vice, with a distinct outline of space 
and equipment requirements, costs, 
and job descriptiens. Proper emphasis 
is given to contraception end family 
planning, the only soluticn to soci- 
ety’s problem of abortion. 

There is little referenc2 to male 
and female sterilization, and none to 
laparoscopic tubal ligation which can 
be offered tc the multipara who 
wishes to terminate her childbearing 
capacity at the time of abortion. 

Of particular interest is the final 
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chapter describing the extensive 
Japanese experience with laminaria 
sticks, a method not used in the 
United States. 

This book is recommended reading 
for any physician, nurse, or hospital 
administrator concerned with meet- 
ing the anticipated large demand for 
abortion, now estimated at one abor- 
tion for every two live births. What 
final form these services will take de- 
pends largely on the climate among 
medical professionals, and, of increas- 
ing importance, community advocate 
groups. 

ELLIOTT Rivo, MD 
Boston 


Exercises in Diagnostic Radiology, vol 
4: The Total Patient. By Lucy Frank Squire, 
MD; Jack R. Dreyfuss, MD; Charles S Langston, 
MD; Robert A Novelline, MD. Price, $5.95. Pp 
139. WB Saunders Co, West Washington Square, 
Philadelphia 19105, 1972. 


In vast segments of hospital medi- 
cine the management of “the total 
patient” involves the intelligent se- 
quencing of radiologic examinations 
and the utilization of logical reason- 
ing and inference to direct diagnostic 
evaluation and ultimately therapeutic 
management. This is true whether 
one deals with disease involving the 
lungs, the gastrointestinal tract, the 
genitourinary tract, the cardio- 
vascular system, or the central ner- 
vous system. Because of the central 
role that radiology plays in the diag- 
nostic process, the radiology clerkship 
often turns out to be a learning expe- 
rience of unexpected breadth for the 
medical student—a chance to under- 
stand more fully the principles of 
medical diagnosis, the relationship of 
the history, physical examination and 
laboratory findings to radiologic data, 
and the method by which evidence is 
weighed in medicine. 

Dr. Squire and her colleagues have 
employed a varied group of illustra- 
tive cases to direct the student 
through the maze of differential diag- 
nosis—with emphasis on the utility of 
particular types of radiographic stud- 
ies. The cases are superb, and the il- 
lustrative material, although not as 
well-reproduced as in some of her 
other volumes, is satisfactory. Follow- 
ing these patients from the time of 
admission through the conclusion of 
their illness affords the student a fine 
opportunity for some independent 
thinking at each juncture in the eval- 
uation of the case. The thinking be- 
hind each decision as to the next step 


is presented with clarity and logic, 
and there are few, if any, opportu- 
nities for the student to misunder- 
stand. 

A few minor changes would make 
this volume even easier to use. In or- 
der to complete a case, one must turn 
to four or five pages quite remote 
from each other. This is unnecessary 
and wastes time. The fragments of 
each case could far better be ar- 
ranged on sequential pages, with eas- 
ier movement through the case. Also, 
given the need to search for page 
numbers, it would have been easier 


had they been located at the outer — 


edge of the page rather than at the 
center. 

For some reason, the rapid se- 
quence urogram for screening reno- 
vascular hypertension includes one-, 
three-, four- and five-minute films 
(page 23). The four-minute film is 
rarely useful, but the two-minute film 
is essential, since contrast appears 
commonly at two minutes and the 
disparity in appearance time may be 
missed without the two-minute film. 
Furthermore, the statement that the 
urographic nephrogram “is produced 
by contrast in the renal blood vessels 
and glomeruli” is not correct. By the 
one-minute film, most of the contrast 
agent has left the renal blood vessels 
and is in the tubules, which account 
for a significant component of the 
nephrogram. 

These few minor inaccuracies do 
not flaw the very solid achievement 
embodied in this volume for medical 
students. 
through this book systematically can 


emerge without a better under- — 


standing of the diagnostic process, 
and in particular, of the role of radiol- 
ogy in diagnostic medicine. 
HERBERT L. ABRAMS, MD 
Boston 


Multilingual Manual for Medical His- 
tory-Taking. By Louis R M Del Guercio, MD, 
Price, $5.95. Pp 192. Little Brown & Co, 34 Bea- 
con St, Boston 02106, 1972. 


This compact and useful book con- 
tains 100 excellent questions in 
French, Spanish, German, Italian, 
Polish, and Russian to aid the physi- 
cian in obtaining a history from a 
non-English-speaking patient. Most 
of the questions are designed to elicit 
a one-word response (“Does the pain 
radiate?”) or finger pointing (“Where 
to?”). However, some responses will 
necessarily be more involved (“Are 
you allergic to anything? What?”). 
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No student who goes — 


Here the physician would be stymied 
not so much by having to pose the 
question, but by having to under- 
stand the answer. 

One would hope that in certain cir- 
cumstances some effort would be 
made to find an interpreter, partic- 
ularly if question 99 must be asked: 

In order to know more about the cause of 
death of (a) your husband, (b) your wife, 
(c) your father, (d) your mother, (e) your 
son, (f) your daughter, (g) your sister, (h) 
your brother, it is necessary to perform an 
autopsy. This will not interfere in any way 
with the funeral arrangements. Will you 
sign your permission? 

My skepticism, of a minor degree, 
relates not to the contents of this 
valuable book, but to the common 
sense of the doctor using it. This as- 
pect is certainly not the responsibility 
of the editor and his contributors who 
have done their task with distinction. 

R.M.G. 
Brookline, Mass 


Vascular Surgery, vol 1: Peripheral Ar- 
terial Diseases. By John J Cranley, MD. 
Price, $19.95. Pp 282, with 160 illustrations. Har- 
per & Row Publishers Inc, 2350 Virginia Ave, 
Hagerstown, MD 21740, 1972. 


Twenty-five years ago DosSantos 
and Kunlin introduced modern recon- 
structive operations for arteriosclero- 
sis. During the subsequent quarter 
century the field of peripheral arterial 
surgery has achieved a position where 
it makes a significant contribution to 
the relief of human suffering. Its ac- 
tivities form an important section of 
every medical center. The young gen- 
eration of surgeons who initially 
picked up and perfected the new tech- 
niques is now reaching professional 
maturity. Maturity produces reflec- 
tions, and reflections generate writ- 
ten testaments. A few of these that 
have already appeared have served 
more as psychological releases for the 
writer than as educational experi- 
ences for the reader. And so it is a 
pleasure to report that this book by 
Cranley is not among that number. It 
is superb. 

Its coverage is as complete as one 
could hope for in any book on periph- 
eral arteries, The 11 chapters have 
the following titles: (1) “Obliterative 
Arterial Disease” (dealing with ar- 
teries in the arms and legs); (2) “Cer- 
ebrovascular Insufficiency” (by 
Charles D. Hafner); (3) “Arterial Em- 
bolism;” (4) “Arterial Aneurysms;” (5) 
“Aneurysms of the Thoracic Aorta” 
(by Ernest H. Messe); (6) “Arterio- 
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venous Fistulas;” (7) “Vascular 
Trauma;” (8) “Cold Injury and Cold 
Hypersensitivity;” (9) “Raynaud’s 
Phenomenon and Acrocyanosis;” (10) 
“Neurovascular Compression Syn- 
dromes;” and (11) “Renovascular Hy- 
pertension.” Radiographs, photo- 
graphs of lesions, graphs from 
experiments, tables, and splendid op- 
erative diagrams adorn the book in 
profusion. 

The references are extensive. They 
have broad historical scope and pro- 
vide a balanced list of modern contri- 
butions. Because of the excellent de- 
scriptions of pathophysiology, which 
reveal Dr. Cranley’s sound base as a 
researcher, the book will be eagerly 
read by students. House staff mem- 
bers will like its clear clinical cescrip- 
tions of diagnostic methods and of 
surgical technique. Very little is miss- 
ing. The only major omission I could 
detect is the lack of a description of 
the management of infections in the 
feet of diabetics with neuropathy, 
and its omission could be defended by 
a purist contending that these are not 
proved to have a vascular origin. 

The author discusses contreversial 
matters in a comprehensive and fair- 
minded way, and yet he takes strong 
positions on the basis of his own, ob- 
viously extensive experience. Even 
though the expressions, “It is eur con- 
viction that,” and “It is our practice 
to,” are frequently seen withcut sup- 
portive statistical results, somehow 
this does not put the reader off. The 
author uses case illustrations strate- 
gically and well. 

It is the first volume of a two-vol- 
ume opus. The second will be “Periph- 
eral Venous Diseases.” Judging by 
the quality of the one on arteries, we 
can look forward with eager anticipa- 
tion to volume 2. 

RICHARD WARREN, MD 
Boston 


Chronic Duodenal Ulcer. Edited by C 
Wastell, MS, FRCS. Price, not given. Pb 284. Ap- 
pleton-Century-Crofts Inc, New York, 1972. 


As stated on the cover “this book is 
an attempt to collate knowledge of 
chronic duodenal ulcer particularly as 
it relates to clinical problems... . Of 
the five authors, three are surgeons, 
one a radiologist, and one a physician. 
Their multidiscipline perspective 
throws new light on many important 
problems in this field.” Indeed the au- 
thors do succeed in their stated pur- 
pose of collating a great deel of in- 


formation; however, little new light 
appears to have been added. The ma- 
terial is presented in an orderly man- 
ner and covers pathology, diagnosis, 
therapy—both surgical and medical— 
and complications. It closely follows 
what is found in the usual medical 
and surgical texts dealing with 
duodenal ulcer. Some of the recom- 
mendations seem to be dogmatic and 
based on case series selected to 
Support the authors’ opinions. For 
example, many surgeons would not 
agree to a need for slowing the rate 
of gastric emptying into the jejunum 
following partial gastric resection nor 
that there is any advantage of the 
valve or small stoma anastomosis 
over the polya type. The evidence in 
favor of selective proximal vagotomy 
is suggestive, but not conclusive, and 
is based on small series of cases with 
a short follow-up period with the ex- 
ception of that of Holle et al (Langen- 
becks Arch Chir 330:197-208, 1972). 
The authors’ recommendation of a se- 
lective vagotomy with a Finney py- 
loroplasty as the procedure of choice 
in an elective situation is based on its 
use in a series of 50 cases only over a 
three-year period. The recommenda- 
tion for vagotomy with direct ligation 
of the vessel and pyloroplasty for 
bleeding duodenal ulcer is based on a 
collected series of 302 cases treated 
by gastrectomy with a mortality of 
18.8% contrasted with a series of 251. 
cases treated by vagotomy and py- 
loroplasty with a mortality of 7.1%. 
The mortality of gastrectomy would 
seem to be much too high, and the 
series appears to have been carefully 
selected to support the authors’ pref- 
erences. Many surgeons would not 
agree that rebleeding after oper- 
ations for peptic ulcer is no worse af- 
ter vagotomy and pyloroplasty than 
it is after partial gastrectomy being 
just over 13% in both cases. Little is 
said about the later development of 
recurrent ulcers after vagotomy and 
pyloroplasty. Only a short paragraph 
is devoted to arteriography in the 
diagnosis of bleeding duodenal ulcer, 
and nothing is said about its use 
along with pressor drugs alone or 
with the use of clotted blood in the 
treatment of active, and particularly, 
massive bleeding from chronic duode- 
nal ulcers. The photographs and x-ray 
film reproductions on the whole are 
poor. The book does not live up to the 
authors’ great expectations. 

Louis HERMANSON, MD 

Brookline, Mass 
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You expect your preoperative patient to be somewhat anxious 
and apprehensive about the scheduled surgery. But in some cases, 
psychic tension reaches undesirable levels 
as the time for the procedure approaches. 

In such situations, 10 mg Injectable 
Valium’ (diazepam), administered I.M. an 
hour or two before the operation, can lessen 
the undue anxiety and tension associated 
with strange surroundings and disturbing 
procedures. The calming effect is generally 
prompt and pronounced. What’s more, 
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Valium (diazepam) can markedly reduce the 
patient’s recall of preoperative procedures. 
Injectable Valium seldom significantly 
alters vital signs. Nevertheless, there have been 
infrequent reports of hypotension and rare 
reports of apnea and cardiac arrest, usually 
following I.V. administration, especially in 
elderly or very ill patients» n \ 
and those with limited 
pulmonary reserve. 
Resuscitative facilities 
should be available. 






When given in conjunction with narcotics yy 
eduction of narcotic dosage should be considered.» 7) 
(See prescribing information.) — 
Do not mix or dilute Injectable Valium 
with other drugs, solutions or fluids. 

x "h The 10-mg disposable syringe is especially 
æ === 7 _ useful in this respect, since it provides 
a convenient method of using Valium and 
“au 7 atthe same time helps assure 
; 4 oy; i > A aseptic handling. 
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Prior to surgery, to relieve excessive anxiety; additionally, 


‘may diminish recall 


Injectable Valrum diazepam 


ready-to-use 2-ml Tel-E-Ject (disposable syringes) 


Before prescribing, please con- 
sult complete product information, 
a summary of which follows: 

Indications: Tension and anx- 
iety states, somatic complaints 
which are concomitants of emo- 
tional factors; psychoneurotic states 
manifested by tension, anxiety, ap- 
prehension, fatigue, depressive 
symptoms or agitation; symptomatic 
relief of acute agitation, tremor, de- 
lirium tremens and hallucinosis due 
to acute alcohol withdrawal; adjunc- 
tively in: relief of skeletal muscle 
spasm due to reflex spasm to local 
pathology; spasticity caused by up- 
per motor neuron disorders; atheto- 
sis; stiff-man syndrome; tetanus; 
status epilepticus and severe recur- 
rent seizures; anxiety prior to gas- 
troscopy, esophagoscopy, and surgi- 
cal procedures; cardioversion (I.V.). 

Contraindicated: In infants; in 
patients with known hypersensitivity 
to the drug; in acute narrow angle 
glaucoma; may be used in patients 
with open angle glaucoma receiving 
appropriate therapy. 

Warnings: Inject I.V. slowly, 
directly into vein; take at least one 
minute for each 5 mg (1 ml) given. 
Do not mix or dilute with other solu- 
tions or drugs. Do not add to I.V. 
fluids. Rare reports of apnea or car- 
diac arrest noted, usually following 
I.V. administration, especially in 
elderly or very ill and those with 
limited pulmonary reserve; dura- 
tion is brief; resuscitative facilities 
should be available. Not recom- 
mended as sole treatment for psy- 
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Should not be administered to pa- 
tients in shock, coma, acute alcoholic 
intoxication with depression of vital 
signs. Caution against hazardous 
occupations requiring complete 
mental alertness. Advise against 
simultaneous ingestion of alcohol 
and other CNS depressants. With- 
drawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discon- 
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tinuance (convulsions, tremor, ab- 
dominal and muscle cramps, vomit- 
ing and sweating). Keep addiction- 
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surveillance because of their pre- 
disposition to habituation and de- 
pendence. In pregnancy, lacation or 
women of childbearing age, weigh 
potential benefit against possible 
hazard to mother and child. 

Precautions: If combined with 
other psychotropics or anticonvul- 
sants, carefully consider individual 
pharmacologic effects—particularly 
with known compounds which may 
potentiate action of Valium 
(diazepam), such as phenothiazines, 
narcotics, barbiturates, MAO in- 
hibitors and other antidepressants. 
Usual precautions indicated m pa- 
tients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usual precau- 
tions in impaired renal or hepatic 
function. Not recommended for 
bronchoscopy, laryngoscopy, obstet- 
rical use, or in diagnostic pre- 
cedures other than gastroscopy 
and esophagoscopy. Laryngospasm 
and increased cough reflex are pos- 
sible during gastroscopy; necessary 
countermeasures should be awail- 
able. Hypotension or muscular 
weakness possible, particularly when 
used with narcotics, barbiturates or 
alcohol. Since effect with narcotics 
may be additive, appropriate reduc- 
tion in narcotic dosage is possible. 
Use lower doses (2 to 5 mg) fer el- 
derly and debilitated. Safety.and effi- 
cacy in children under 12 not 
established. 

Side Effects: Drowsiness, fa- 
tigue, ataxia, confusion, depression, 
constipation, dysarthria, diplopia, 
headache, hypoactivity, hiccups, 
hypotension, incontinence, jaundice, 
nausea, changes in libido, changes 
in salivation, phlebitis at injection 
site, urinary retention, skin rash, 
syncope, slurred speech, urticaria, 
tremor, vertigo, blurred vision. Para- 
doxical reactions such as acute hy- 


perexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances 
and stimulation have been reported; 
should these occur, use of the drug 
should be discontinued. Isolated re- 
ports of neutropenia, jaundice; pe- 
riodic blood counts and liver func- 
tion tests advisable during long-term 
therapy. Minor EEG changes, usu- 
ally low-voltage fast activity, of no 
known significance. 

Dosage: Usual initial adult dose 
is 2 to 10 mg I.M. or I.V., depending 
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preoperative medication, 10 mg, 
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period. Once acute symptomatology 
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injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 
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Pacemaker-Induced Hypotension 


a 1966, several groups suggested 
the use of pacemaker-induced 
hypotension =s 2 method of reducing 
brain bleod flow and hemorrhage 
when a cerebral aneurysm ruptured.‘ 
In an artice in this issue of the 
ARCHIVES (See pp 374-378), Rovit and 
co-workers raund off a series, previ- 
ously published.* They suggest that 
pacemaker-indaced hypotension has 
become a use*al tool in the surgical 
Management cf patients with cere- 
bral aneurysres. 

The threat? 2 rupture during op- 
eration for a corebral aneurysm has 
led to the dewebopment of zhe follow- 
ing surgical and anesthetic ap- 
proaches, whi-a aim to reduce the risk 
of rupture a anesthetic technique 
which not ony avoids hypertension, 
momentary œ continuous. but pro- 
vides for conerolied hypotension by 
posture and pnarmacologic means; 
the control o” brain volume by os- 
motic agents sad arterial-blood car- 
bon dioxide 3ertial pressure regu- 
lation; sometmes a redaction of 
metabolism bs moderate hypother- 
mia; and alwavs adeliberate and me- 
ticulous sungicl technique. 

A complementary approaeh has at- 
tempted te answer the question, 
“What do you e» ifthe aneurysm does 
rupture?” Vamious techniques have 
been tried, all »ing variaticns on the 
themes of being able to stob arterial 
inflow to the heed ata moment’s no- 
tice; and of redacing cerebra! metabo- 
lism by hypothermia to prelong the 
assumed safe pericd ef reduzed blood 
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flow to the brain. Open chest surgery 
must be added in order to place tour- 
niquet or balloons in preparation for 
effective interruption of brain blood 
flow, and this takes time and adds 
risk. For periods of less than one min- 
ute, the anesthesiologist can stop, or 
nearly stop, outflow of blood from the 
thoracic cage merely by raising air- 
way pressure above blood pressure. 
Such a Valsalva maneuver is espe- 
cially easy to perform in the presence 
of induced hypotension. 

The pacemaker-induced hypoten- 
sion may recommend itself by being 
less time-consuming than previously 
used techniques, because the pacing 
catheter can be introduced per- 
cutaneously. But it is not apparent 
that the risks associated with this 
method (an 18.8% incidence of ven- 
tricular fibrillation in Rovit’s series) 
are any less than those encountered 
when other techniques are used. 

We are left with several problems. 
Whatever specific risks may be intro- 
duced by a blood flow interruption 
method, the general problem remains 
that brain oxygen requirements will 
set a time limit for the application of 
such blood flow interruption. The time 
afforded the surgeon may or may not 
be enough. 

The data base provided to date by 
various investigators suffers from 
each reported experience being small 
and the respective series not being 
readily comparable. We cannot be 
certain which method of brain blood 
flow interruption is the safest, and we 


cannot be certain whether the mea- 
sures taken to be able to interrupt 
brain blood flow will add to the total 
risk, or reduce it. 

Also, it is impossible to escape the 
nagging question, “What effect does 
it have on surgical technique to be 
able to interrupt brain blood flow at 
will should rupture of the aneurysm 
occur?” Rovit and co-workers report 
11 ruptures in 16 patients. We cannot 
know whether they would have had 
fewer ruptures had they not had the 
pacemaker available, but the question 
must be asked. 

It is a commonplace that when 
technology is available it will be used. 
This is good, provided new methods 
and new technology receive scientific 
scrutiny to differentiate what is 
merely newer from that which is 
newer and better. Pacemaker-in- 
duced hypotension, however inter- 
esting, should remain an experimen- 
tal procedure. 

HENRIK H. BENDIXEN, MD 
San Diego, Calif 
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Surgical Specialties 
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poy practice residency pro- 
grams have recently become a 
fact in a number of medical schools, 
particularly in the more rural states. 
The purpose of this editorial is to 
present a philosophic and pragmatic 
approach to the role of the surgi- 
cal specialties in family practice 
residency programs. The American 
Academy of Family Physicians has 
published Education for Family Prac- 
tice, which contains guidelines for 
training in family practice. Surgery 
is used in the broad sense in these 
guidelines. I have substituted the 
term “surgical specialties” to include 
all of surgery. Under surgery, the 
guidelines state, 


The resident should acquire competence 
in recognizing surgical emergencies and 
when appropriate referring them for nec- 
essary specialized care, an ability to eval- 
uate conditions that require elective surgi- 
cal manag2ment, an understanding of the 
kinds of surgical treatment that might be 
employed and the problems that may re- 
sult from surgical procedures and their 
management. He should have sufficient 
knowledge of these procedures to give 
proper advice, explanation and emotional 
support to his patients. He should be 
trained in basic surgical principles by rec- 
ognized surgical specialties and acquire 
from them the technical proficiency re- 
quired to manage those limited surgical 
procedures a first contact [family] physi- 
cian may be called upon to perform. If he 
expects tc include major surgery as part of 
his reguler practice, he should obtain addi- 
tional training.’ 


The fcllowing dissertation will pro- 
pose a method for meeting this re- 
quirement of training in surgery for 
the fam ly practice resident. The sub- 
sequent opinions are my OWE and do 
not necessarily represent any organi- 
zation er institution. I realize that 
there will be differences of opin- 
ion within both the surgical special- 
ties and family practice programs. 
Though my training is in orthopedic 
surgery, I have some familiarity with 
the problems in family practice as my 


father practiced in a small rural com- 
munity and two brothers are in fam- 
ily practice, one in a small multiple 
specialty group and one in a moder- 
ate-sized city. Family discussions 
have pointed out various problems 
and differing opinions. 

The first decision the surgical spe- 
cialties must make is “Will they ac- 
cept responsibility for providing sur- 
gical training of family practice 
residents?” In my opinion the answer 
must be “yes” for moral, ethical, and, 
in some instances, legal reasons. They 
must accept this responsibility with 
the same enthusiasm and purpose ex- 
pended in training residents in their 
own specialties. Once this position is 
accepted, there are three immediate 
problems. 

1. What information and skills are 
the family practice residents to be 
taught? This question can be para- 
phrased to “What does the family 
practitioner need to know in the sur- 
gical specialties?” 

Three studies have been reported 
that illustrate a method of deter- 
mining what the family practitioner 
needs to know. The proposition for 
each of the three was that the subject 
material (core material or essential 
information) for medical students 
should include the information re- 
quired by the family practitioner. 
Consequently the information is ap- 
plicable to family practice residency 
programs. 

Two studies polled groups of physi- 
cians to determine the objectives or 
goals of undergraduate ophthalmolo- 
gy courses.” In the third study a ran- 
dom selection of family practitioners 
were polled by the American Acad- 
emy of Family Practice in coopera- 
tion with the Undergraduate Educa- 
tion Committee of the American — 
Academy of Orthopaedic Surgeons on 
the frequency with which they saw 
various musculoskeletal problems. A 
similar list of musculoskeletal prob- 
lems was sent to the members of the 
Arkansas Orthopaedic Society to de- 
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termine their opinions of the level of 
knowlee@ge and technical skill re- 
quired əy family practitioners. For 
example, ia orthopedic surgery (mus- 
euloskelstal system), patients with 
back or nert pain were seen by most 
family practitioners at a frequency of 
at least one per week. Most of the or- 
thopedic surzeons responded that the 
family practitioner should be able to 
make a diagnosis, provide appropri- 
ate treacment, and refer if compli- 
cated or if ~eurological loss was pres- 
ent. Ancther entity, septic arthritis, 
was seldem seen by the family practi- 
tioner. The orthopedic surgeons felt 
that the “ar ly practitioner should be 
able to malse the diagnosis, including 
joint aspwacion, ard refer the patient 
for defimtir= care Similar informa- 
tion was ob-ained for 23 items and 
the technig: 2s of plaster casts and 
traction. Tl results of these surveys 
provide an initial answer to “What 
informator and skills are the family 
practice ses tents +o be taught?’—in 
ophthalmole=y and orthopedic sur- 
gery. I bdieve the ether surgical spe- 
cialties neec to obtain similar infor- 
mation if tl= surgical specialties are 
to meet their obligations in the train- 
ing of family practice residents. 

2. By wnat mechanism will this in- 
formatiom amd experience be pro- 
vided? The possible answers to this 
question ære almost as numerous as 
the persoas involved. We all have 
similar prebiems, namely, shortage of 
faculty, lantted facilities, and the 
likelihood <ha= muck of the specialty 
training ir family practice will be in 
other thar w versity hospitals. One 
approach t» ar answer is to orient our 
medical studest teadhing toward the 
needs of tl= family practitioner. 
With this »riemtation, the most “im- 
portant” or “e~zent” information (es- 
sential con emt) required by the fam- 
ily practitienes could be provided in 
medical scol and continued into the 
family practice residency training as 
part of a continuum of education. 
Each of the sergieal specialties could 
structure its œ sire program (medical 
school and -amily practice residency) 
to incorporate =pecific, measurable in- 
structional objectives,**’ diagnostic 
testing, anc cxteria for student-resi- 
dent performence.’ A continuum of 
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education would be assured by struc- 
turing the entire program (medical 
student and family practice resident) 
as a single course given over three or 
four years. The teaching materials 
necessary for such a structured pro- 
gram, ie, specific, measurable objec- 
tives, testing and performance crite- 
ria, and self-instructional aids, would 
also be of great value to our col- 
leagues supervising residency pro- 
grams in the nonuniversity or affili- 
ated hospitals. Lest anyone be misled, 
structuring such a program in a spe- 
cialty area is a major undertaking. 

Another important item regarding 
mechanism of teaching is the time to 
teach. Part of the problem is shortage 
of faculty, particularly for building 
the programs and for teaching in 
medical school. Second, there is a mal- 
distribution of student, and perhaps 
resident, time to the surgical special- 
ties. If we accept the position of ori- 
enting student teaching toward the 
needs of the family practitioner, then 
it is reasonable to use the percentage 
of patients in each surgical specialty 
seen by the family practitioner as an 
index for student time distribution. 
Precise time distribution is, of course, 
also dependent on complexity of nec- 
essary information, interspecialty as- 
signment of given material to avoid 
duplication, and subject matter best 
taught collectively (more than one 
specialty involved-seminars, ete). 
Even with some variance in organiza- 
tion, the current distribution of stu- 
dent time bears little relationship to 
the medical problems seen by the 
family practitioner. Again, orthope- 
dic surgery is an example—74.5% of 
the family practitioners polled had 
practices where 11% or more of the 
practice concerned musculoskeletal 
problems. Few medical students have 
more than a two-week rotation on or- 
thopedic surgery. Student time distri- 
bution deserves a serious, objective 
reevaluation if the information 
taught is to dovetail into the family 
practice residency programs. 

3. How will teaching by the surgi- 
cal specialties be utilized by the fam- 
ily practice residency programs? Once 
again, there are a number of possi- 
bilities. Final decisions on how teach- 
ing in the surgical specialties is uti- 


lized in a family practice residency 
must be up to the Chairman of the 
Department of Family Practice and 
his Residency Review Committee. In 
essence, the surgical specialties 
should be advisory without expecting 
all of our advice to be followed and 
should provide those educational ser- 
vices requested within the limits of 
our best judgement. Judgement on 
content, time for teaching, and edu- 
cational methods should be based on 
the best data available. The surgical 
specialties should cooperate with 
family practice in generating neces- 
sary information. 

The purpose of this editorial has 
been to instigate productive thinking 
about the role of the “surgical special- 
ties” in relation to the family prac- 
tice residency programs. I believe it is 
our obligation to be as interested in 
teaching the family practice residents 
as the residents in our various spe- 
cialties. We need to know what needs 
to be taught and two examples (oph- 
thalmology and orthopedic surgery) 
have been given as to how to obtain 
data on content. One possible mecha- 
nism of teaching the material, using 
structured objectives, has been sug- 
gested, though a number of other 
techniques are available. How the 
educational services of the surgical 
specialties are utilized will vary con- 
siderably, though I believe the surgi- 
cal specialties should approach their 
role as though they were a “con- 
sultant.” 

DONALD B. KETTELKAMP, MD 
Little Rock, Ark 
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Reappraisal of Surgical Training Program Goals 


ostgraduate medical training in 
the United States has evolved 
from a broad program of education to 
a highly specialized type of training. 
Approximately 80% to 85% of the 
more than 12,000 annual American 
medical school graduates currently 
take additional straining to become 
medical specialists. This trend toward 
specialization has occurred largely as 
a result of the rapid progress and pro- 
liferation of medical knowledge and 
technology, and because physicians 
desire to keep up with the times. 

Postgraduate surgical training in 
most university-based training pro- 
grams in the United States is given 
by surgical specialists; consequently, 
the residents trained usually become 
surgical specialists in community hos- 
pitals.: A recent panel discussion by 
committee directors of the Survey of 
Surgical Services in the United States 
(SOSSUS) indicates that many large 
communities are already adequately 
staffed with surgical specialists in 
many fields and that few commu- 
nities with populations of greater 
than 200,000 require significant num- 
bers of new specialty surgeons’; how- 
ever, the number of surgeons certi- 
fied by specialty board examinations 
has increased significantly during the 
past five years. As noted by Dr. Mer- 
lin DuVal, “Surgical training and 
health care must be consistent with 
the health care needs of a changing 
society, and caution must be exer- 
cised from retreating into a cocoon of 
self-preservation.”” 

It is of some concern that the num- 
ber of foreign medical graduates who 
take surgical training and, subse- 
quently, board examinations is in- 
creasing rapidly as well. Although 
foreign graduates frequently are sent 
to the United States at the expense of 
their native countries, with the inten- 
tion that they return on completion of 
their training, the majority remain in 
the United States to practice their 
specialties. Specialty surgery requires 
expensive medical instrumentation 
and hospital facilities, and many for- 
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eign countries do not have adequate 
facilities te permit performance of 
complex specialty surgery. Thus, it is 
little wonder that when a highly spe- 
cialized surgeon returns to a country 
where he is required to perform gen- 
eral medical and surgical care, he be- 
comes frustrated because of his ina- 
bility to provide the type of care that 
he has been trained in the United 
States to g.ve and performs best. It is 
not uncommon for foreign surgeons 
under such circumstances to return to 
the United States to practice, com- 
pounding the “brain drain” from un- 
derdeveloped countries, while adding 
to the large pool of specialty surgeons 
in this country. A similar problem 
confronts the American specialty sur- 
geon who chooses to, or is advised to, 
practice in a small community. 

It is not surprising, therefore, that 
surgeons are densely concentrated in 
large cities and sparsely scattered in 
the smaller communities, and the an- 
nual addition to the physician pool of 
many more medical school graduates, 
80% of whom, as stated earlier, be- 
come specialists, has not significantly 
altered the number of physicians en- 
tering practice in small communities. 

An urgent reappraisal and modi- 
fication of the present system of sur- 
gical residency training in the United 
States may be in order. The current 
policy in many teaching centers is to 
base the number of surgeons to be 
trained cn the need for residents to 
provide patient care in that hospital. 
This should be changed to reflect, in- 
stead, projected national and commu- 
nity needs for specialty surgeons. It 
would not be unreasonable for each 
specialty surgery program director to 
ponder whether 10 to 30 surgeons in 
his spedalty would be weleome to 
practice in the immediately surround- 
ing community during the ensuing 
decade. 

Problems are usually more easily 
identified than solved. However, 
thought might be given to certain 
changes in the structure of surgical 
training programs. Surgical (and 


medical) faculty members should 
remodel the “ivory tower” and 
change their image from that of labo- 
ratory surgeons to top quality clinical 
surgeons. One may seriously question 
whether the average of 2.2 to 3.5 op- 
erations per week reported to be per- 
formed by an academic surgeon in the 
United States in 1970 is sufficient to 
allow him to remain proficient and 
competent to train young surgeons.’ 
Recent federal cutbacks in funding 
for medical research may be one ma- 
jor stimulus to return the academic 
surgeon to active clinical practice. In- 
tegration of community private hos- 
pitals, as well as city, county, and 
Veterans Administration hospitals, 
into the training programs might be 
desirable in order to enlarge the ex- 
posure to general problems of surgi- 
cal practice. A greater number of sur- 
gical trainees could then be exposed 
to a broad scope of surgical practice, 
which might better qualify residents 
to practice in smaller communities or 
foreign countries if they so choose. 
Additional. subspecialty training 
might be limited in fields such as vas- 
cular surgery, trauma, pediatric sur- 
gery, transplantation, and others for 
those who are qualified. With any 
such changes in surgical residency 
training programs, however, care 
should be given to increasing the 
meaningful educational exposure, as 
has been well emphasized by Moore.’ 

Eric W. FonKALSRUD, MD 

Los Angeles 
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his is asecher in a series of 
panels >y correspondence be- 
ing published b> the ARCHIVES. A 
guest chairman iavites three experts 
to write ind=perdent answers to a 
series of quesicns touching on every- 
_ day controversial problems in a par- 
ticular area. T€ ARGHIVES is grateful 
to the distimgished surgeons who 
have particif=tec in this panel on 
massive gas ~cintestinal bleeding. 
Although the = astions have all been 
answered by mai, Dr. Dunphy has 
been able te cseate the atmosphere of 
a live panel d=eassion. 

Dr. DUNBHY In this panel discus- 
sion we shal] =xobre the most com- 
mon causes of massive gastrointesti- 
nal hemorrthaz= and attempt to 
define areas @ agreement on their 
recognition ami treatment. Let me 
first ask the pax 2 what they consider 
the five most cmr mon causes of mas- 
sive upper gast™im -estinal tract hem- 
orrhage. 

Dr. Moopy: I would list in order (1) 
duodenal ulcer, -3 alceholic gastritis, 
gastric ulcer, (9 ezopaageal varices, 
and (5) Mallery-W &ss syndrome. 

Dr. DuNPEY: 3r”. Silen, would you 
agree? 
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DR. SILEN: Yes, I would agree es- 
sentially. I would put duodenal and 
gastric ulcer together and would add 
neoplasms of the stomach as a fifth 
choice. 

Dr. MIKKELSEN: I would list the 
same causes, but in my private prac- 
tice, I see more patients with massive 
esophageal bleeding from varices 
than I do from peptic ulcer, and be- 
cause of our extensive experience 
with critically ill patients at the Los 
Angeles County Hospital, I would 
place stress ulcer among the first five. 

Dr. DunpHy: Do you think there is 
a significant difference in older pa- 
tients? 

Dr. Moony: Yes, in advanced age 
duodenal ulcer, gastric ulcer, and neo- 
plasms become more common. Pre- 
sumably the situations that lead to 
varices, alcoholic gastritis, Mallory- 
Weiss syndrome, and stress lead to 
the cure or death of the patient be- 
fore he reaches advanced age. 

DR. SILEN: I cannot agree entirely 
because we still see a significant inci- 
dence of erosive gastritis, varices, 
and Mallory-Weiss syndrome bleed- 
ing in the older age group. 

Dr. Dunpuy: Dr. Mikkelsen, do you 
agree? If so, with whom do you agree? 

Dr. MIKKELSEN: I think I have 
to agree with Dr. Silen. The list 
is essentially the same, but duodenal 
and gastric ulcer are higher on the 
list than gastritis and varices. 

Dr. DUNPHY: I presume that the 
difference may represent geographi- 
cal factors as well as hospital experi- 
ence and personal interest. One thing 
is evident, although duodenal and 
gastric ulcers remain a very common 
cause of massive bleeding, erosive 
gastritis, varices, stress ulcer, and 
Mallory-Weiss syndrome must be 
given serious consideration in the 
evaluation of any patient today with 
massive upper gastrointestinal tract 
hemorrhage. 

Now, let us proceed to lower gas- 
trointestinal tract bleeding. What 
would you consider the most common 


causes of massive bleeding here? 

Dr. Moopy: Diverticulosis heads 
the list in both middle and old age. 
After that, the distribution drops 
substantially. In middle life, ulcera- 
tive colitis certainly is a fairly com- 
mon cause, and in older age, perhaps 
ischemic colitis, and very commonly, 
the site is undetermined. 

Dr. Dunpuy: Dr. Silen, what is your 
experience? 

Dr. SILEN: Diverticulosis unques- 
tionably heads the list, but in our ex- 
perience, arteriovenous malforma- 
tions and ischemic bowel disease have 
become much more commonly recog- 
nized. I would agree that other causes 
are much less common, such as ulcera- 
tive colitis, neoplasms, and polyps. I 
would note that we have seen massive 
bleeding from carcinoma and polyps, 
especially when the patient is taking 
prophylactic anticoagulants. 

Dr. DunpHy: What do you say Dr. 
Mikkelsen? 

Dr. MIKKELSEN: Diverticulosis 
heads the list and from my point of 
view, after that, it is anybody’s guess 
in a particular case and all too fre- 
quently, the site is not identified. 
There are a great number of causes, 
however, which may produce massive 
bleeding, such as radiation proctitis, 
Meckel diverticulum, and in fact, al- 
though rarely, hemorrhoids will pro- 
duce exsanguinating hemorrhage. 

Dr. DuNnpHy: Given a patient with 
clear-cut massive gastrointestinal 
bleeding, what steps do you take to 
distinguish between upper and lower 
sites of hemorrhage? 

DR. SILEN: The history is of great 
importance and if hematemesis has 
occurred, there is no question that it 
is upper gastrointestinal tract bleed- 
ing. Immediate placement of a naso- 
gastric tube is the most useful ma- 
neuver and, again, may immediately 
establish that the bleeding is in the 
upper part of the tract. Angiography 
has been used, but it has not been as 
helpful in our experience in upper 
gastrointestinal tract bleeding. In 
very acute hemorrhage, we find that 
endoscopy is now becoming the most 
useful single diagnostic step for local- 
ization of the site of bleeding. If the 
bleeding is moderate and appears to 
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have subsided, one may proceed with 
barium studies of the upper gastroin- 
testinal tract after the endoscopy. In 
the vast majority of cases, a carefully 
performed endoscopy followed by a 
series of x-ray films of the gastroin- 
testinal tract will pinpoint the diag- 
nosis and avoid the necessity for an- 
giography. 

Dr. Moony: In general, I agree. Up- 
per gastrointestinal tract bleeding 
may be obvious. When the patient has 
massive bloody bowel movements 
without hematemesis, and sometimes 
without a positive aspirate of the 
nasogastric tube, it may be very diffi- 
cult to establish the site of bleeding. 
The history is extremely important 
and may tip the scale in favor of a 
diagnosis of upper gastrointestinal 
tract bleeding with immediate endos- 
copy as the next step to identify the 
bleeding point. In our experience, 
fiberendoscopy of the esophagus, 
stomach, and duodenum is the most 
single valuable step. In our experi- 
ence, angiography has been quite dis- 
appointing in pinpointing bleeding in 
upper gastrointestinal tract hemor- 
rhage. It has on occasion, however, 
led us to a suspicion of a Mallory- 
Weiss syndrome. Despite all of our 
diagnostic tests, we are still faced 
with the need to explore the abdomen 
to find the site of bleeding in ex- 
sanguinating hemorrhage, without 
previously having pinpointed the 
bleeding point. 

Dr. MIKKELSEN: I think we are all 
in agreement here. History and phys- 
ical examination often provide strong 
clues to diagnosis. Nasogastric aspi- 
ration may settle whether it is in the 
upper gastrointestinal tract and after 
lavage, esophagogastroduodenoscopy 
will establish the bleeding point in a 
high percentage of cases. In recent 
years, we have become quite dis- 
enchanted with barium studies of the 
upper gastrointestinal tract and pro- 
ceed almost routinely to endoscopy. 
We have had no personal experience 
with angiography and see very little 
indication for its use because endos- 
copy is proving reliable. 

Dr. DUNPHY: Let me summarize by 
saying that you all agree a careful 
history and physical examination 
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often sorts out the most probable 
diagnosis among duodenal or gastric 
ulcer, varices, gastritis, or Mallory- 
Weiss syndrome. I do not think this 
can be stressed too strongly. We, too, 
are relying more and more on endos- 
copy, but in critical situations, a 
clear-cut history may get the patient 
on his way to the operating room with 
endoscopy to be performed essen- 
tially as a part of the preoperative 
preparation. Briefly what would your 
approach be if the history and results 
of physical examination suggest 
lower gastrointestinal tract bleeding? 

Dr. SILEN: In lower gastrointesti- 
nal tract bleeding, we believe that an- 
giography is proving itself of the 
greatest importance and are resort- 
ing to it early and with increasing 
frequency. Sigmoidoscopy is rarely of 
value, although it should always be 
done. It usually merely identifies the 
fact that gross, bright, red blood is 
coming down from above. 

Dr. Moopy: I agree. Sigmoidoscopy 
should come first, but we still proceed 
with a barium enema examination 
followed by emergency angiography 
prior to operation if the bleeding is 
exsanguinating. 

Dr. MIKKELSEN: Results of procto- 
sigmoidoscopy are usually normal ex- 
cept for noting blood in the rectum. 
But, when abnormal, it provides very 
importent information. Selective 
angiography has become extremely 
valuable and we feel strongly that 
this should precede the barium enema 
study. Indeed, the use of angiography 
is showing far more cases of bleeding 
from the right colon than we had an- 
ticipated in view of our general ac- 
ceptance that diverticulosis is the 
most common cause of massive lower 
gastrointestinal tract bleeding. 

Dr. DunpnHy: It might crystallize 
our views if we consider a specific 
ease. Given the following situation, 
how would you each proceed? 

A 58-year-old moderate drinker 
and heavy smoker with no previous 
gastrointestinal symptoms stated 
that he became faint at work four 
hours before hospitalization and soon 
after passed two copious, dark red 
stools. Because of continuing faint- 
ness and dizziness, he was brought to 
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the hospital four hours after the onset 
of bleeding. Findings from physical 
examination were entirely normal, 
except for marked pallor; blood pres- 
sure: systolic, 96; diastolic, 50; and a 
pulse rate of 104 beat per minute. The 
hematocrit reading was 26%; bilirubin 
level, 1.2 mg/100 ml; and emergency 
liver enzymes were reported as 
within normal limits. 

A nasogastric tube was passed and 
recovered dark, coffee-ground looking 
material from the stomach. An emer- 
gency series of x-ray films of the up- 
per gastrointestinal tract disclosed a 
deformed duodenum, but no crater. 
The esophagus and stomach were 
thought to be normal. 

Describe your immediate approach 
and the indications for operation. 

DR. SILEN: I would not have made 
the x-ray study of the gastrointesti- 
nal tract. This patient almost cer- 
tainly is bleeding from his upper gas- 
trointestinal tract and I think 
endoscopy would have established the 


‘diagnosis. His age and his history 


suggest that he may be bleeding from 
varices, gastritis, or a gastric or 
duodenal ulcer. I know of no better 
way to pinpoint the site of bleeding 
than by endoscopy. The chances of es- 
tablishing the diagnosis are excellent 
and as soon as the site of bleeding is 
recognized, operation should be per- 
formed, unless it is clear that the 
hemorrhage has stopped. Of course, it 
is assumed that from the moment of 
admission to the emergency ward, re- 
suscitation and administration of 
electrolyte solutions and whole blood 
would have been instituted. 

Dr. Moony: I agree completely. The 
first step in treating this patient is 
fluid and blood replacement followed 
by esophagogastroduodenoscopy with 
a flexible duodenoscope. My indica- 
tion for operative intervention would 
be a continuing, exsanguinating mas- 
sive hemorrhage, persistent bleeding 
requiring transfusions every six to 
eight hours, or recurrent hemorrhage 
while receiving therapy after initial 
cessation of bleeding. 

DR. MIKKELSEN: I agree. Type de- 
termination and cross matching with 
suitable amounts of whole blood 
should be done as soon as possible. 
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Gastric lavage should be followed by 
esophagoga:-roduodenoscopy. If the 
patient is cEerly bleeding massively, 
we would mnsert a central venous 
catheter anf a urinary eatheter for 
careful mon tering of blood and fluid 
replacement This is an important 
history te aaalyze because it is clear 
that the patz=mt has had an exsangui- 
nating hemerthage. The passage of 
copious amornts of red blood through 
the rectum, with the finding of blood 
in the stemeeh, indicate a very crit- 
ical situatio: requiring rapid and 
massive blood reptacemenz. The hem- 
atoerit reading is actually probably 
lower than the 26% described. Once 
again I must emphasize that the en- 
doscopic exaraination is the most crit- 
ical step prior co aperatior. The indi- 
cations for operation are more or less 
as described sy Dr. Silen. 

Dr. DUNPHE I see no disagreement 
here. This is she type of patient who 
is literally pouring blood from his 
gastrointestiaal tract. Angiography 
is net indicat=c. 

Endoscopy is the most critical pro- 
cedure and under thes2 circum- 
stances, raGiclogical examination 
may not be revealing and often inter- 
feres with reuscitation and delays 
operation. Alchough I agree in gen- 
eral with Dr. Elcody regard ng the in- 
dications for »peration and that the 
response te tremsfusions is critical, I 
do net think the number o? transfu- 
sions is so impertant. If efter very 
massive trarstusion the patient 
clearly has stopped bleeding, oper- 
ation can be withheld. On the other 
hand, if ble@img continues, even 
though the pat ent may not be requir- 
ing continued -epid replacement, we 
would feel it tmwise to delay indefi- 
nitely. 

Are there oc-asions when the hem- 
orrhage is so raassive that operation 
must be done without detailed stud- 
ies? 

Dr. Moony: Zes. This patient usu- 
ally can be readi-y identified because 
he responds po» y to initial massive 
blood replacem=rt. Esophag2al vari- 
ces must be suspected, as these pa- 
tients usually have massive hema- 
temesis. The Mallory-Weiss syndrome 
is also a likety possibility. There is no 
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time for detailed roentgenological 
studies, including angiography. 

Dr. SILEN: Since this is the type of 
patient who is literally pouring blood 
from his gastrointestinal tract, I 
would agree that roentgenographic 
study of the gastrointestinal tract 
and angiography must be avoided. At 
times, previous studies may have in- 
dicated the site of bleeding from a 
previous episode. 

DR. MIKKELSEN: I agree with both 
speakers, but do not feel that the 
bleeding is ever severe enough to ob- 
viate endoscopy. Even if the stomach 
is full of blood and cannot be cleared, 
endoscopy can at least exclude the 
presence of esophageal varices and 
probably also the Mallory-Weiss syn- 
drome. Just two days before this 
panel discussion, an elderly physician 
with a history of chronic duodenal ul- 
cer was operated on at our hospital 
without prior studies. Endoscopy was 
not performed. Unfortunately, no 
bleeding point could be found in the 
stomach and the site of bleeding was 
subsequently proved to be an esoph- 
ageal ulcer located 32 cm from the 
teeth. Obviously, reliance upon a pre- 
vious history of ulcer led to an unnec- 
essary and unprofitable operation. To 
sum it up, even if the stomach cannot 
be adequately cleared for endoscopic 
visualization, an esophageal or cardio- 
esophageal lesion can usually be ex- 
cluded. 

Dr. Dunpuy: I take it that Drs. 
Moody and Silen would agree with 
performing endoscopy in the oper- 
ating room even as the patient is 
being prepared for operation. 

Let us move along now to the crit- 
ical and distressing problem of 
“stress ulceration.” How would you 
define stress ulceration of the stom- 
ach? Dr. Silen, you have given this 
problem considerable thought. 

Dr. SILEN: Stress ulcerations of the 
stomach are multiple superficial ul- 
cers most frequently appearing in the 
fundus. They rarely extend much be- 
yond the submucosa and hence almost 
never perforate. They rarely involve 
the antrum and are often super- 
imposed on a background of wide- 
spread, erosive gastritis. Bleeding is 
usually the only significant symptom. 


The condition occurs in a setting of 
shock and sepsis, often due to peri- 
tonitis complicated by jaundice and 
respiratory and renal failure. In my 
opinion this is primarily an ischemic 
lesion. The ischemic injury is com- 
pounded by the presence of acid in 
the stomach. 

On the basis of our own studies, we 
believe that ulcers occurring after 
head injury or intracranial operations 
are quite different from what I term 
“stress ulcer.” The so-called Cushing 
or neurosurgical ulcer is often a full- 
thickness disruption of the duode- 
num, stomach, or esophagus with per- 
foration. These are associated with 
increased gastric acid output, but 
with an intact gastric mucosal bar- 
rier, quite different from what I 
would term stress ulcer. I do not be- 
lieve that we should classify a single 
gastric or duodenal ulcer as a stress 
ulcer. I do not regard exsanguinating 
hemorrhage from a previously unrec- 
ognized duodenal ulcer in the postop- 
erative or postinjury patient as being 
in the same category as stress ulcera- 
tion. 

Dr. DunpHy: What is your opinion, 
Dr. Moody? 

Dr. Moony: “Stress ulceration” is 
medical jargon for disruptions in the 
gastric or duodenal mucosa, which oc- 
cur in the setting of extreme physi- 
ological stress, such as blunt trauma, 
head injury, hemorrhagic shock, or 
sepsis. The clinical definition, there- 
fore, could include bleeding or perfo- 
ration, whether or not it arises from 
an existing duodenal or gastric ulcer. 
The important criterion is the setting 
in which the signs and symptoms oc- 
cur. I personally prefer the patholog- 
ical diagnosis, namely, multiple acute 
erosions of the stomach or duodenum 
that do not penetrate through the 
muscularis mucosa. Our present level 
of knowledge precludes an author- 
itative answer as to whether activa- 
tion of preexisting ulcer should be in- 
cluded in this category. It is very 
important to recognize this, however, 
since early intervention surgically 
can be assured of a better result in 
single ulceration than when multiple 
erosions are present. 

Stress ulcerations in patients with 
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poor cardiac conditions are rare in my 
experience, at least as judged by the 
service of John Kirklin, MD, at the 
University of Alabama. Stress ulcera- 
tion remains an enigma to those car- 
ing for the critically ill. Prevention is 
important, since vigorous antacid 
therapy will reduce its frequency in a 
variety of stressful situations. I sup- 
pose if the cardiac surgery is superbly 
done, there is insufficient stress to 
lead to a stress ulcer! 

Dr. DuNpHy: What do you say 
about this condition, Dr. Mikkelsen? 

Dr. MIKKELSEN: It is very impor- 
tant for us to clarify our terms. I have 
preferred “erosive gastritis” to de- 
scribe what others call “stress ulcera- 
tion” or “diffuse hemorrhagic gas- 


tritis.” In this condition there is’ 


diffuse superficial denudation of the 
gastric mucosa with multiple sites of 
bleeding. As the other participants 
have noted, it commonly follows 
trauma and sepsis. We must recog- 
nize as both speakers have empha- 
sized that in the same situation, the 
bleeding may be coming from an 
acute, solitary duodenal or gastric ul- 
cer. On the other hand, if there is a 
chronic, preexisting ulcer, which 
bleeds after trauma, cardiac surgery, 
or other stress, I feel we should re- 
gard this as a different entity, al- 
though the symptom complex may be 
the same. Once again, endoscopy be- 
comes the key to diagnosis. 

Dr. DunpHY: We now come to the 
critical question. What is your treat- 
ment for massive bleeding from 
duodenal ulcers, gastric ulcers, dif- 
fuse hemorrhagic gastritis, and 
“stress ulcerations”? 

Dr. SILEN: Duodenal ulcer: In 
a good-risk patient I prefer antrecto- 
my and vagotomy. Vagotomy with a 
drainage procedure and ligation of 
the bleeder is satisfactory, however, 
and preferable in the poor-risk pa- 
tient. 

Gastric ulcer: For gastric ulcer I 
feel strongly that the proper ap- 
proach is a distal gastrectomy with 
Billroth I reconstruction. 

Diffuse hemorrhagic gastritis: The 
treatment choice for this is difficult 
because we are again involved with 
the semantics of the situation. If this 
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lesion is associated primarily with use 
of drugs, aspirins, or alcohol, I would 
have no hesitation in recommending 
pyloroplasty and vagotomy with liga- 
tion of any active bleeding pomts. I 
think this is an area in which the 
lesser operation has proved to be very 
effective. 

If we are dealing with what I call 
“true stress ulceration” in a poer-risk 
patient with a background of trauma, 
sepsis, and multiple injuries, in 
my experience vagotomy and pyloro- 
plasty is not an adequate operation. I 
prefer extensive distal gastrectomy 
with vagotomy. 

Dr. DuNPHY: How do you react to 
this, Dr. Mikkelsen? 

Dr. MIKKELSEN: My preference is as 
follows: 

Duodenal ulcer: I would perform 
vagotomy, pyloroplasty, and careful, 
precise ligation of the bleeding vessel. 

Gastric ulcer: I would use distal 
gastrectomy with Billroth I recon- 
struction. In very-poor-risk patients, 
where the time and extent of oper- 
ation is critical, I would accept pyloro- 
plasty with ligation of the bleeding 
point. 

Diffuse hemorrhagic gastritis: If at 
all possible, this is a condition in 
which we should avoid operation. 
With gastric lavage and multiple 
transfusions, a fair number of pa- 
tients will stop bleeding, especially if 
the gastritis is associated with use of 
aspirin, alcohol, or other medications. 
When operation is forced on us for 
stress ulceration, I feel that there is 
no ideal operative procedure, but fa- 
vor pyloroplasty and multiple-suture 
ligation. The effect of vagotomy on 
the bleeding may be dramatic. I real- 
ize that total gastrectomy or radical 
subtotal gastrectomy has been advo- 
cated, as mentioned by Dr. Silen. But, 
in my experience at the Los Angeles 
County Hospital, I have not person- 
ally found this necessary. 

Dr. DunpHY: What do you say, Dr. 
Moody? 

Dr. Moopy: My choice of treatment 
of control of massive hemorrhage 
from the upper gastrointestinal tract 
is as follows: For duodenal ulzer I pre- 
fer antrectomy and vagotomy, but I 
would not hesitate to resort to pyloro- 


plasty and vagotomy for older pa- 
tients or where there was clear-cut 
evidence that a distal resection would 
be difficult. Following gastric resec- 
tion, I prefer, if at all possible, a Bill- 
roth I reconstruction. 

For gastric ulcer, again I would 
agree with the previous speakers that 
a distal gastrectomy, including the ul- 
cer, is the best procedure. For bleed- 
ing gastric ulcers close to the esoph- 
ageal gastric junction I woeuld 
perform vagotomy and pyloroplasty 
with oversewing of the bleeding 
point. For hemorrhagic gastritis I be- 
lieve that the best procedure is vagot- 
omy and pyloroplasty with multiple 
oversewing of bleeding points. As 
was emphasized, however, medical 
measures may be effective and can 
justifiably be persisted in if the clini- 
cal evidence all points to hemorrhagic 
gastritis. In stress ulceration of the 
stomach I think it is important to 
search for a deeply penetrating ulcer 
that has been superimposed on mul- 
tiple superficial gastric erosions. Al- 
though massive bleeding does occur 
from superficial erosions, these are 
usually controllable by medical mea- 
sures or ooze rather steadily but not 
massively. A deep, penetrating ulcer, 
whether bleeding or not, and any 
other bleeding points should be over- 
sewn and the operation completed by 
pyloroplasty and vagotomy. In the 
rare situation in which a stress ulcer 
perforates, resection should be car- 
ried out, since the incidence of reper- 
foration following a simple over- 
sewing in this situation is high. 

I am aware of the reported cases in 
which total gastrectomy has been re- 
quired, but again in my personal ex- 
perience this has not been necessary. 

Dr. DunpHY: It is clear that we are 
plagued by the matter of definition of 
stress ulceration. If the term is used 
loosely to indicate upper gastroin- 
testinal tract bleeding following hos- 
pitalization for almost any cause 
from a fractured hip to pneumonia, or 
for treatment of an acute injury, it 
is evident that the entire spectrum, 
from a chronic duodenal ulcer to an 
acute duodenal ulcer through super- 
ficial gastric erosions to what Dr. Si- 
len would call a true stress ulcer, will 
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be includec The vast majority of 
these patier+s will do well following 
pyloroplasts. vagotomy, and over- 
sewing of tae bleeding point. 

If, on the-ather hand, one classifies 
stress ulcer_tion very strictly as Dr. 
Silen has dom we are dealing with a 
very grave risk under any circum- 
stance. In om experience it is in this 
area that pyleroplasty and vagotomy 
may fail and some type of resection 
may be required. I think Dr. Moody’s 
point of seaseting for the deep pene- 
tration and making certain to over- 
sew that area is very important. Sim- 
ilarly, Dr ŒŁkelsen’s emphasis on 
the respons= zo vagotomy is very 
helpful. I am aware of a few in- 
stances in waach pyloroplasty and va- 
gotomy has =ai ed and either high re- 
section or ætal gastrectomy was 
required. I bæ -eve this is so rare, how- 
ever, that the best procedure in most 
instances, parcicularly because of the 
difficulty af orting out one of these 
entities from amother, should be py- 
loroplasty amc vagetomy. Certainly 
there is noarzument about using this 
procedure as “he best one for the iso- 
lated ulcer, 2ad especially for the 
chronic ulcer that has bled under 
stress. Dr. Sier’s new data pointing 
out that Cusking ulcer is quite differ- 
ent from stress ulceration is a most 
interesting sbservation. Anything 
that we can =» to darify these en- 
tities will vast_y improve our ability 
to select the peper operation for con- 
trol of hemorthege. Let us now move 
along to the poblem of the Mallory- 
Weiss ulceraficm. Can you make a 
preoperative diagnosis of bleeding 
from laceratic-s at the gastroesopha- 
geal junction? E vagotomy indicated 
in treatment? Let us start with Dr. 
Mikkelsen. 

Dr. MIkkr-s=n: A history of 
marked vomitme and retching prior 
to the onset cœ hematemesis should 
alert one to -be possibliity of the 
Mallory-Weiss syndrome. I know of 
no reason wh> vagotomy should be 
added to sutur=! gatien of the bleed- 
ing point. 

Dr. DuNPay: Dr. Silen? 

Dr. SILEN: å preaperative diag- 
nosis of Malior--Weiss ulceration can 
be made and we nave done this on a 
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number of occasions. Sometimes the 
history is so classical that this alone 
will suffice. Endoscopy is particularly 
valuable and has established the diag- 
nosis on a few occasions when we 
might not have expected it. We have 
also made the diagnosis by angiogra- 
phy. In my opinion, vagotomy should 
definitely not be performed. If any- 
thing, a vagotomy is contraindicated. 
Many of these patients have reflux of 
gastric contents into the esophagus 
preoperatively and vagotomy may 
tend to favor reflux. 

Dr. Dunpuy: Dr. Moody? 

Dr. Moony: A history of violent 
retching followed by massive hemate- 
mesis should immediately arouse sus- 
picion of a Mallory-Weiss syndrome 
erosion. The demonstration of a hi- 
atal hernia by barium swallow study 
further increases the index of suspi- 
cion. I have found both endoscopy and 
angiography helpful in confirming 
the diagnosis. It must be remembered 
that many patients with esophageal 
gastric tears bleed profusely, but heal 
spontaneously. If the patient contin- 
ues to bleed and requires operation, I 
prefer to mobilize the esophageal 
junction as my initial procedure. 
Then, through a high gastrotomy, I 
identify the laceration and oversew it 
with 00 silk in running lock-stitch 
fashion. I do not perform vagotomy. 

Dr. Dunpuy: Each of our panelists 
emphasize that the Mallory-Weiss 
syndrome can and should be sus- 
pected, and often recognized preoper- 
atively. A-high index of suspicion 
coupled with endoscopy appears to be 
the appropriate approach. I would 
now like to spend a few minutes on 
the problem of massive lower gas- 
trointestinal tract hemorrhage. We 
have already discussed points in dif- 
ferential diagnosis, and I shall ask 
each of the panelists to outline the 
steps for the management of massive 
hemorrhage from diverticulosis of the 
large bowel. 

Dr. MIKKELSEN: I would immedi- 
ately start therapy with neomycin 
sulfate given orally on the grounds 
that an emergency colectomy may be 
required. Resuscitation and blood 
transfusions, of course, must be given 
as required. The first step after a 


physical examination is sigmoid- 
oscopy, which rarely provides infor- 
mation except to show that bright red 
blood is coming down from above. I 
think the most important diagnostic 
step, and one that should be taken 
promptly, is mesenteric angiography. 
If the bleeding point is identified, a 
vasopressor should be infused. This 
may result in cessation of bleeding 
and give time for further evaluation. 
We leave the catheter in place and if 
bleeding occurs again, we infuse the 
drug a second time. Very often this is 
sufficient to control the bleeding. If 
not, a barium enema study may be 
done for its potential value in arrest- 
ing bleeding. 

At operation, if the bleeding site is 
known precisely, a segmental colec- 
tomy may be performed. If we have 
not identified the site for certain, or 
suspect that there are multiple sites, 
subtotal colectomy with ileosigmoid 
anastomosis is done. 

Dr. DunpuHy: Dr. Silen, do you 
agree? 

DR. SILEN: Well, our initial step, 
and I am sure Dr. Mikkelsen would 
agree, is the placing of a large intra- 
venous line for blood replacement. 
Usually, if the patient is aged, a CVP 
is also placed. The patient is sedated 
and is given nothing by mouth. Stud- 
ies are taken for laboratory data and 
particularly an analysis and eval- 
uation of possible clotting deficien- 
cies is performed. In most cases the 
bleeding will stop spontaneously, but 
if not, angiography is performed and 
if the bleeding site is found, vasopres- 
sin injection (Pitressin) is adminis- 
tered intra-arterially. If this is inef- 
fective and hemorrhage continues, we 
would resort to a barium enema study 
as suggested by Dr. Mikkelsen. If this 
does not result in cessation of bleed- 
ing or if there is recurrent massive 
bleeding, we would proceed with op- 
eration, usually subtotal colectomy 
and ileal anastomosis. 

Dr. Dunpuy: Dr. Moody, do you 
have anything to add? 

Dr. Moopy: We believe that mas- 
sive hemorrhage from the lower gas- 
trointestinal tract is the absolute 
indication for early intestinal angiog- 
raphy. Sigmoidoscopy, of course, 
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should be performed simply to ex- 
clude the rare case of hemorrhage 
from the rectum. Barium enema ex- 
amination is useful, although I doubt 
that it arrests the bleeding as has 
been described. Bleeding ceases spon- 
taneously so often that it is difficult 
to be certain that the arrest is due to 
the presence of barium in the bowel. 

If bleeding persists, we would pro- 
ceed with operation, using segmental 
resection if the bleeding site can be 
identified, and subtotal colectomy if 
not. All other efforts to localize the 
bleeding, such as segmental clamping 
and colotomy, have not proved suc- 
cessful and we have abandoned them. 

Dr. DunpHy: What criteria do you 
use as the definitive indication for 
emergency operation? 

Dr. Silen? 

Dr. SILEN: Essentially the same as 
in upper gastrointestinal tract bleed- 
ing, namely, that the patient appears 
to be exsanguinating or is bleeding so 
steadily that spontaneous cessation 
seems unlikely. We come back to your 
old rule of 500 ml every eight hours or 
such massive bleeding that three or 
more transfusions are not sufficient 
to stabilize the circulation. 

Dr. Dunpuy: Dr. Moody, Dr. Mik- 
kelsen, do you agree? 

Dr. Moopy: Yes, in general. As we 
discussed earlier regarding gastroin- 
testinal bleeding, this is a rough 
guide and not an absolute figure. 

Dr. MIKKELSEN: I agree. 

Dr. Dunpuy: To round it up, let me 
ask each of you your indications for 
the use of the following: the value of 
the long intestinal tube. 

Dr. Moody? 

Dr. Moopy: I think it has real value 
in detecting the level of hemorrhage 
in patients with slow, persistent 0oz- 
ing or recurrent episodes of upper 
gastrointestinal bleeding in which 
nasal gastric suction shows no blood. 

Dr. SILEN: Because of the advances 
of angiography, I feel the long in- 
testinal tube as a method of testing 
the level of hemorrhage is no longer 
necessary. It is cumbersome and 
often unrewarding. 

Dr. MIKKELSEN: I have to agree 
with Dr. Silen. 

Dr. DunpHy: Now state your pre- 
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cise indications for mesenteric angi- 
ography. 

Dr. Moopy: I believe it is a very 
valuable method for detecting the 
site of hemorrhage when it is thought 
to be in the lower gastrointestinal 
tract. It has been useful at times in 
situations in which we have not been 
able to identify upper gastrointesti- 
nal tract lesions by the fiber endo- 
scope or by barium studies. 

Dr. MIKKELSEN: I would generalize 
and say it is valuable for detecting 
bleeding anywhere distal to the first 
portion o? the duodenum, especially 
when it is occult and episodic. 

Dr. SILEN: Mesenteric angiography 
has its ideal place for chronic bleed- 
ing, if thorough endoscopy and con- 
ventional roentgenography fails to 
reveal the bleeding site. In the case of 
acute hemorrhage, it is my method of 
choice for bleeding in the lower gas- 
trointestinal tract. On the other hand, 
in the case of massive bleeding from 
the upper gastrointestinal tract, it 
will not usually demonstrate varices 
that can be recognized better by 
other methods. An accurate history 
plus endoscopy in my opinion remains 
the best approach for identification of 
the site of massive upper gastroin- 
testinal zract bleeding. 

Dr. Dunpuy: What is the place of 
vasoconstrictors such as vasepressin 
injection in the treatment of massive 
hemorrhage, particularly from esoph- 
ageal varices? 

Dr. SILEN: Although vasopressin in- 
jection may be beneficial in some 
cases of bleeding from esephageal 
varices, I think it has its best place in 
the treatment of the lower gastroin- 
testinal tract bleed well localized and 
clearly identified by angiography. In 
my opinion, it should never be used 
for stress ulcers, since these are is- 
chemic lesions. I think favorable re- 
sults in this situation are more 
anecdotal than factual. 

Dr. Moony: I use vasopressin injec- 
tion when I suspect massive hemor- 
rhage from esophageal varices. It is 
my practice to use this immediately 
upon identifying a patient with such 
a condition, giving vasopressin injec- 
tion intravenously in a dose of 20 
units in 20 minutes. In such a patient 


I immediately pass a Sengstaken 
tube to gain control of the hemor- 
rhage if the diagnosis is clearly sus- 
pect. If there is doubt about this or if 
the response is poor, gastric lavage 
followed by fiber endoscopy should be 
used. 

Dr. MIKKELSEN: I have had consid- 
erable experience with systemic vaso- 
pressin injection given intravenously 
and believe it to be almost valueless. I 
have a strong preference for Linton 
balloon tamponade correctly used 
with a face mask. | 

Dr. DunpnHY: Finally, what can you 
say about the place of gastric cooling 
via a balloon to gain control of upper 
gastrointestinal tract hemorrhage? 

Dr. Moopy: I have had no experi- 
ence with a balloon. We do use iced 
saline lavage prior to endoscopy. Oc- 
casionally we will lavage the stomach 
for a longer period until the gastric 
contents are clear. I have the impres- 
sion that it does control bleeding in 
some instances, and certainly allows 
time to assess the situation prior to 
operation. It also prepares the field 
for endoscopy. 

Dr. MIKKELSEN: I also have no ex- 
perience with a balloon, but I believe 
that ice lavage is very helpful in the 
treatment of erosive gastritis and 
very valuable prior to endoscopy. In 
this sense, it is almost a routine part 
of our diagnostic and therapeutic 
work-up. 

Dr. SILEN: I have never used the 
gastric balloon to produce gastric 
freezing as originally described by 
Wangensteen and his colleagues. It 
would appear to me that it is cumber- 
some and has many problems. I doubt 
that it has any advantage over the 
use of ice water or saline. 

Dr. DuNnpHY: This concludes our 
panel discussion. I would like to thank 
the panelists for their participation. 

I trust the audience will agree that 
we have been brought up to date by 
three of the outstanding authorities 
in this field, with a general consensus 
on diagnosis and treatment, partic- 
ularly on the new and important roles 
of fiberoptic endoscopy in upper gas- 
trointestinal tract bleeding and angi- 
ography in lower gastrointestinal 
tract bleeding. 
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Pacemaker-induced hypotension has been 
utilized during 16 craniotomies for intracra- 
nial aneurysm. A background of moderate 
hypotension is provided by ganglionic block- 
ing agents during the “approach phase” to 
the aneurysm. The need for pacemaker-in- 
duced hypotension may be signaled by sud- 
den rupture of the aneurysm, or the desire 
to diminish the turgor, within a thin-walled 
aneurysm during the exposure. In all of 
these cases rapid hypotension was achieved 
with cardiac pacing allowing for definitive 
treatment in a relatively dry field. The one 
death occurred after inordinately pro- 
longed and rapid pacing rates led to ventric- 
ular fibrillation, which can now be averted 
with the use of background ganglioplegic 
agents to induce initial moderate hypoten- 
sion. 


he importance of maintaining a 

bloodless field during intracra- 
nial aneurysm surgery has stimulated 
the development of various tech- 
niques aimed at achieving controlled 
hypotension. Unfortunately all pres- 
ent methods have certain inherent 
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shortcomings.'! Ganglionic blocking 
agents often act too slowly,”® are 
sometimes difficult to control, and 
may be unreliable at a specific critical 
moment. Halothane anesthesia can 
usually provide only modest drops in 
blood pressure unless toxic doses are 
utilized.t Limited experience with 
vascular occlusive techniques to 
achieve cerebral hypotension has also 
been disappointing. Carotid clamping 
has rarely been adequate to influence 
aneurysmal bleeding,’ inflow occlu- 
sion requires a thoracotomy," and 
balloon aortic (or outflow) occlusion 
has been associated with postopera- 
tive cerebral emboli.** 

Electrical cardiac pacing rapidly 
lowers arterial blood pressure” and 
represents a modification of tech- 
niques already in use for the manage- 
ment of heart block and certain car- 
diac arrhythmias. Its use in a limited 
number of general surgical and 
neurosurgical procedures*""' has previ- 
ously been reported by others. 

In a previous publication’ we de- 
scribed our technique for achieving 
controlled operative hypotension with 
use of pacemaker-induced ventricular 
tachycardia. The results in our initial 
series of 13 patients were discussed; 
nine patients with cerebral aneu- 
rysms, three with brain tumors, and 
one patient with a cerebral arterio- 
venous anomaly. 

Since our original report we have 
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not had dceasion to use this technique 
in additeor=! patients with brain tu- 
mors or ameriovenous anomalies, al- 
though we ~reuld not hesitate to em- 
ploy it m suitable candidates where 
arterial dleecing might constitute a 
major aasard, eg, clinoid men- 
ingiomas irt:mately applied to the in- 
ternal cercic artery. We have also 
continuel #e make certain modi- 
fications im the technique (Table 1); 
hypothermm has not been used since 
case 3, ard _=bothane has Deen the an- 
esthesia »f sheice since case 11. 

The pesa- report is concerned 
with our to=al experience in utilizing 
this techriqgee in 16 patients with in- 
tracrania. =zeurysms ineluding the 
nine aneurssm patients discussed 
previous!~ ia cur 1971 publication. 


Method 


After ad>qwate visualization of the cere- 
bral circuat=Ła by angiographic tech- 
niques, a Cetermination of the feasibility 
of intracramia@ sargery was made in each 
case. Patieat= sdected for direct surgical 
attack wer» tasr evaluated ky the cardi- 
ologist. Reate contraindications to the 
use of pacemaker-induced hypotension 
may includ- camgestive heart. failure, ac- 
tive carditis, —=rtricular irritability, and 
advanced ccrorgary artery disease. To date, 
however, ne patiant has been denied the 
technique oa tae basis of past or present 
cardiac disease 

The appamt- s:n current use consists of 
a No. &bipoar =aeing catheter, an internal 
pacemaker (ape me of inducing rates up to 
200 cyclesanE), a patient-connecting 
cable, a cather introducer, and an 18- 
gauge Courrand needle The pacing cathe- 
ter is inserec percutaneously into the 
right femord =i with the pazient under 
local anesthesia aad with fluorescopic con- 
trol is advaneec through the interior vena 
cava to the heart and positioned near the 
apex of the rg ventriele. The catheter is 
connected to the external impulse gener- 
ator and pacng ean be instituced at any 
time. A bracha. 2rtery is cannulated with 
an 18-gauge €ov—mand needle which is con- 
nected to a stais 2auge for bload pressure 
monitoring. The =lectrocardiogrem and ar- 
terial pressumes æa constantly visualized 
on an oscillos=oj= screen. 

For the opera æ procedure the patients 
were premedcacac with diazeoam (Va- 
lium), a mixteresef meperidine hydrochlo- 
ride, hydrocodome bitartrate, and aceta- 
minophen (Ber=rol Compound), and 
atropine. Anesth=sia was usually induced 


Arch Surg/Vc 19%, Sept 1973 


with curare and thiopental sodium fol- 
lowed by halothane 3% decreasing to 1.5% 
and oxygen at 4 liters/min. A rapid transi- 
tion to controlled respiration was sought in 
all cases and the Pco, was kept at 28 to 30 
mm Hg by means of a respirator. Mannitol 
20% was usually used to facilitate exposure 
of the aneurysm. Although the earlier 
cases in the series were performed under 
hypothermia, no attempt has been made in 
the majority of the present cases to control 
temperature, which spontaneously dropped 
3 or 4 C. Once the dura was opened and the 
approach to the aneurysm begun, moder- 
ate hypotension to approximately 70 to 80 
mm Hg systolic was usually obtained using 
trimethaphan camsylate and neostigmine 
bromide. In some younger patients to 
whom mannitol had been given, some re- 
sistance to pharmacologic hypotension was 
encountered. This resistance was even- 
tually overcome with the administration of 
up to 69 mg of pentolinium tartrate, up to 
125 mg of trimethaphan camsylate, and 
with the reinstitution of 3% halothane. 
From this point onward, further decrease 
in blood pressure could be induced almost 
instantaneously by cardiac pacing with 
minimal metabolic demands on the heart. 

If the aneurysm ruptured during dis- 
section, cardiac pacing was instituted im- 
mediately. Within one or two heart beats 
the blood pressure was reduced to the de- 
sired level (30 to 60 mm Hg systolic). A 
more deliberate dissection of the neck was 
then possible allowing for accurate ligation 
or acrylic coating or both. With cessation 
of pacing, the blood pressure returned to 
levels previously established by pharma- 
cologic agents without rebound overshoot. 
Restoration of normal blood pressure in all 
cases was easily obtained by utilizing ade- 
quate fluid replacement, atropine, and in- 
travenously administered ephedrine hy- 
drochloride. 


Results 


Sixteen consecutive aneurysms 
were treated by the method described 
(Table 1). There were nine men and 
seven women with an average age of 
48.4 years. The group included five 
aneurysms at the internal carotid- 
posterior communicating artery junc- 
ture, four at the internal carotid bi- 
furcation, six of the anterior cerebral- 
communicating artery complex, and 
one middle cerebral artery aneurysm. 
Thirteen aneurysms were clipped 
directly, and three were dissected out 
and coated with methacrylic acid. 

In the case illustrated in Fig 1, an 
aneurysm of the internal carotid bi- 


furcation ruptured as the neck was 
dissected free of adhesions. Pacing 
was begun at a rate of 150/min with 
a drop of systolic pressure from 100 
mm Hg to 60 mm Hg within three 
beats. The aneurysm was then suc- 
cessfully clipped and coated. Pacing 
was carried out for a total of 3 min- 
utes, 40 seconds. With cessation of 
pacing, the blood pressure returned to 
90 mm Hg within three beats. The 
longest period of uncomplicated sus- 
tained pacemaker-induced tachycar- 
dia with deep hypotension was ob- 
tained at pacing rates of 150/min to 
produce arterial hypotension of 30 to 
40 mm Hg for six minutes. 

There was one death in this series, 
that of a 63-year-old woman with an 
aneurysm of the left carotid bifurca- 
tion (patient 2, Table 1). During its 
exposure the aneurysm ruptured and 
pacing was initiated at 180/min and 
continued for ten minutes, during 
which time the sac was identified and 
clipped. Ventricular fibrillation and 
cardiac arrest occurred most probably 
as the result of anoxia, myocardial is- 
chemia, and cardiac irritability in- 
duced by hypothermia, metabolic aci- 
dosis, and rapid pacing rate. This 
unfortunate result occurred in one of 
the first cases in the present series, 
and we have modified the technique 
since that time. Hypothermia has not 
been used except in the earliest cases 
(patients 1 through 3, Table 1), and 
we subsequently added to the protocol 
pharmacologic hypotension during 
the “approach phase.” This latter ma- 
neuver significantly reduces the pac- 
ing rate necessary to achieve deep 
hypotensive levels. 

Two other patients developed ven- 
tricular fibrillation, with no sequelae 
in one (case 3, Table 1), while in the 
other (patient 10, Table 1) a transient 
cardiac arrest and subsequent wors- 
ening of her preoperative deficit oc- 
curred. Prolonged retraction of the 
frontal lobe probably led to cerebral 
infarction in patient 15 and a postop- 
erative epidural hematoma in patient 
11 required reexploration and evac- 
uation. There is no evidence that the 
latter two complications were related 
to the pacemaker technique. The mor- 
tality rate in the present series was 
6.2% and the morbidity rate 18.8%. 
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Pacing 
Blood Test Rupture 
Patients Pressures, a Seal ES ak Mae AB ES” Se, 
—_—_— mm Hg Bicod Blood 
Age, FEN TAE EE eect Pressure, Pressure, 
No. yr Sex Location* Medication Start Approach Rate mm Hg Rate mm Hg Remarks 
l -61 M ACA N20-Demerol 150/90 70 25 Clip and acrylic 
Trimethaphan 
Hypothermia 
2 62 F CB N20-Demerol 120/80 60 140 55 Clip, 
Hypothermia 200 40-0 ventricular fibrillation, 
died 
3 52 M ACA N20-Demerol 170/100 60-80 Acrylic 
Trimethaphan transient ventricular 
Hypothermia fibrillation 
Dac E T SE SE Ro PEE E CIE NE lS SMSO N IS PN CT ema MS ns SIRES eae ee PE ee we area. ES 
4 59 F PCA N20-Demerol 130/80 80 120 50 Clip 
57 £39550 ACA Methoxyflurane 120/80 90 130 60 Clip 
Trimethaphan 200 40 
Pentolinium 
6 48 F CB Halothane 130/80 100-90 200 30 Clip 
Trimethaphan 
‘Seer +! F PCA Methoxyflurane 120/60 85 110 80 120 40 Clip and acrylic 
Trimethaphan 
BS 59 9M PCA Methoxyflurane 120/80 80 110 60 Clip and acrylic 
Trimethaphan 150 40 
Pentolinium 
pe mM Ae ee A See reo S DS Se eR oe vee STS UL nnn  meramructerr somes, 
9 55 M MCA Methoxyflurane 120/80 50-80 78 75 Acrylic 
Trimethaphan 125 60 
150 40 
162 35 
10 39 F PCA Methoxyflurane 120/80 60 160 30 Clip and acrylic, 
Trimethaphan ventricular fibrillation, 
Pentolinium cerebral infarct 
11 44 M CB Halothane 130/90 80 80 45 Clip and acrylic 
Pentolinium epidural hematoma 
IZ es F CB Halothane 110/70 70-90 150 60 Clip and acrylic 
13: “65 M PCA Halothane 120/80 50-80 50 Clip and acrylic 
Trimethaphan 
Pentolinium 
14 45 M ACA Halothane 140/90 90 120 60 Acrylic 
Trimethaphan 
Pentolinium 


Halothane 140/80 Clip and acrylic 
Trimethaphan 
Pentolinium 


16 Halothane 130/80 70 100 50 Clip 
Trimethaphan 110 40 





* ACA signifies anterior cerebral artery; CB, carotid bifuration; PCA, posterior cerebral artery; and MCA, middle cerebral artery. 
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Gamment 


Althoagr pacemakers are com- 
monly wsee to merease cardiac out- 
put, the effectiveness of cardiac pac- 
ing in procacing hypotension in our 
cases is rel.ced primarily to a combi- 
nation 3f three factors—decreased 
diastolic filing t me, atrioventricular 
_dissociafiom and the use of pharma- 
cologic gests te provide prepacing 
backgroend hypetension. Pacing at 
rapid rates reeuces the diastolic 
phase, p-odaeing decreased ventricu- 
lar filling’ and thereby reduces” 
stroke vdurae (see Table 2). At rates 
over 110°mm, systolic pressures be- 
low 60 nm Hg were common. At 
rates over 1=)/mm, systolic pressures 
under 30:mr Hg were almost invar- 
iably acheved. Wath initiation of the 
pacemaker -here develops a dis- 
sociation beweer the intrinsic atrial 
rhythm and the superimposed ven- 
tricular s#st=e resulting in the loss of 
the contribucion ef the synchronized 
atrial contraction to ventricular fill- 
ing. This furcher enhances the reduc- 
tion of Sroxe vdume. Occasionally 
atrioventziclar dissociation occurs 
with very m#dest elevations of pace- 
maker-incuced cardiac races, and in 
these patwnzs we have been able to 
reduce the sy=tolic and diastolic pres- 
sures to wry low levels with virtual 
obliteratim cf the pulse pressure. An 
example o tl= effect of atrioventricu- 
lar dissocation ir lowering cardiac 
output is iluscrated in patient 11 (Fig 
2). Startins wath a systolic blood pres- 
sure of 80mm Hg (induced by gan- 
glioplegic ageats), a pacing rate of 
80/min we saficent to immediately 
reduce the-systolie pressure to 40 mm 
Hg. 

The importent wole of pharmaco- 
logic agen s m preducing prepacing 
backgroune hr»voteasion is Illustrated 
in Fig 3. These data are obtained 
from patients J threugh 9. At equiva- 
lent pacing -ates a significantly 
greater drop =f ‘he blood pressure 
was achieved in patients who had 
been given ba: <groand ganglioplegic 
drugs than wes obained in the pa- 
tients whc dd net receive these 
agents. In patients 5 anc 16 (see 
Table 1) baekg->unc hypotension was 
difficult to dbteim chemically and pac- 
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Ventricular filling time 
Ventricular compliance 
Cardiac rate 

Ventricular stroke volume 
Cardiac output (rate X stroke volume) 
Aortic systolic pressure 

Aortic pulse pressure 

Central venous pressure 

Pulmonary systolic arterial pressure 
Coronary blood flow 

Myocardial O2 consumption 

Coronary atrioventricular difference 
Coronary vascular resistance 






On 


Pacing 
150 Cycles/min 


100- 
Blood Pressure, 


mm Hg 


| Table 2.—Ventricular Tachycardia Via Pacemaker (Normal Heart) 


Diastolic phase y l 


then Y 


— or @ (slightly) 

























Fig 1.—Electrocardiographic and arterial pressure tracing in case 12. With pacing rates of 
150/min, the systolic blood pressure was brought from 90 mm Hg to 60 mm Hg within two 


heartbeats. 


Fig 2.—Electrocardiographic and arterial pressure tracing at onset and termination of 
pacing in patient 11. With increase of the cardiac rate from 65/min to 80/min, the systolic 
blood pressure was reduced from 80 mm Hg to 40 mm Hg. 


On 


Pacing 
80 Cycles/min 


Blood 
Pressure, 100 
mm Hg 


on 
G 


ing rates of over 200/min were then 
employed to achieve deep hypoten- 
sion. We believe that these prolonged 
rapid rates may lead directly to ven- 
tricular fibrillation as demonstrated 
in the one fatal case in the present 
series. If, despite precautions, ven- 
tricular fibrillation occurs, treatment 
should consist of rapid infusion of so- 
dium bicarbonate and a 200 to 400 
Joule direct-current shock across the 
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Off 


AGUA 


chest. Should asystole follow fibrilla- 
tion, the pacemaker may be utilized 
to reestablish cardiac rhythm and is 
usually set initially at 3 ma with a 
rate of 60 to 80 cycles/min. 

In addition to securing instan- 
taneous hypotension preparatory to 
clip application of an aneurysm that 
has ruptured, we have used the pace- 
maker to facilitate dissection and 
definition of the aneurysm from its 
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e----e No Hypotensive Drugs 
e—— Drug-Induced Hypotension 





120 130 140 150 760 


Cardiac Rate With Pacemaker, Beats/min 


Fig 3.—Effects of increasing pacemaker-induced cardiac rates on systemic systolic blood 
pressure in patients with previous pharmacologically induced hypotension (solid lines) and 
without it (broken lines). Systolic blood pressures decreased with inverse proportion to de- 
gree of pacemaker-induced ventricular tachycardia. Four patients (solid lines) treated with 
trimethaphan prior to ventricular pacing sustained generally greater drops in systolic pres- 
sure with smaller increments in induced ventricular rates than did patients who did not re- 
ceive hypotensive drugs (broken lines) (from Rovit’). 





surroundings. These maneuvers are 
facilitated by pacemaker-induced 
hypotension which diminishes the 
turgor within the aneurysmal sac and 
may accordingly prevent rupture. 
This necessitates longer periods of 
hypotension at mean pressures of 30 
to 50 mm Hg, and probably is best ob- 
tained by intermittent episodes, each 
consisting of three to five minutes of 
deep hypotension (30 to 50 mm Hg), 
on a background of moderate hypo- 
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tension (60 to 80 mm Hg). 

Pacemeker-induced hypotension 
has become a useful tool in the surgi- 
cal manazement of patients with ce- 
rebral aneurysm. Ongoing studies of 
coronary and cerebral blood flow will 
be necessary to better define its limi- 
tations. 


This investigation was supported by Public 
Health Service research grant 5S101FR05502- 
05-06. 


Nonproprietary Names — 
and Trademarks of Drugs 


Pentolinium tartrate—Ansolysen Tartrate. 
Trimethaphan sodium—Arfonad. 
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Polytef Augmentation Urethroplasty 
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Correction of Surgically Incurable Urinary 
Incontinence by Injection Technique 


A new nonoperative, outpatient technique 
is described for the correction of urinary in- 
continence in women whose incontinence 
has failed to respond to surgical repair. Poly- 
tef paste is injected into the submucosal tis- 
sue of the urethra in order to augment its 
thickness. This has proved effective in re- 
Storing intraluminal resistance in three pa- 
tients studied and resulted in the correction 
of urinary incontinence. 


he surgical repair of stress uri- 
nary incontinence by either an- 
terior colporrhaphy or retropubic 
urethropexy fails to relieve inconti- 
nence if surgery does not restore 
mechanisms for urethral closure.'-* In 
normal circumstances, intraurethral 
resistance is adequate to withstand 
sharp increases in intra-abdominal 
pressure,’ but if the urethra lacks the 
ability to close, urine leakage ensues 
following exertion by the patient. 
When the urethral wall has become 
thin and has lost its resiliency and 
tone due either to scarring caused by 
repeated surgery, or because of infec- 
tion or trauma, it may be impossible 
to cure patient incontinence by 
means of the usual surgical tech- 
niques. 
Accepted for publication Feb 13, 1973. 
From the Department of Surgery (Urology), 
=a ahs Hospital, Harvard Medical School, 


Reprint requests to 1180 Beacon St, Brookline, 
MA 02146 (Dr. Berg). 





Solomon Berg, MD, Boston 


This report describes a method of 
restoring urethral closure by con- 
trolled injection of polytef (Teflon) 
paste into the submucosal layer of the 
incompetent urethra in order to aug- 
ment its thickness, with the resulting 
return of urinary control. 


Material and Methods 


Studies of our three patients included 
excretory urography, cystoscopy, cys- 
tometrogram and flow study, cystogram, 
and urine culture. The initial procedure 
was performed in conjunction with a pre- 
liminary cystoscopic evaluation. At that 
time, sterile glycerine was injected into the 
submucosal tissues of the urethra into sites 
chosen for subsequent polytef adminis- 
tration. Using a Bruning syringe, an in- 
strument capable of injecting highly vis- 
cous material through an 18 gauge 
needle, the glycerine was introduced into 
all four quadrants at middistal third and 
midproximal third of the urethra. Cys- 
toscopic control confirmed the correct 
placement of the material into the sub- 
mucosal layer of the urethra. Between 5 to 
10 ml of glycerine was used. The procedure 
concluded when the urethral walls were 
seen to be apposed on viewing through the 
cystoscope, and when the exertion of supra- 
pubic pressure demonstrated that there 
was control of stress incontinence. 

Glycerine retains its effectiveness, sup- 
porting the urethra for approximately 36 
hours, before being absorbed and metabo- 
lized. Generally, the patient went home the 
day of the procedure, where she tested the 
effectiveness of the treatment immedi- 
ately. If she remained dry 24 hours follow- 
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Fig 1. —Preinjection cystogram. Contrast 
is seen to pass through the incompetent 
urethra with the patient straining. 


ing the procedure, she was considered a 
suitable candidate for polytef injection. 

In the second stage, the polytef injection 
procedure was carried out at a subsequent 
session, either with local or general anes- 
thesia, on an outpatient basis. A volume of 
polytef similar to that used in the glycer- 
ine technique was injected by the same 
method described above. 


Report of Cases 


The experimental procedure was ex- 
plained carefully and fully to each patient; 
informed consent was a prerequisite to 
treatment. Patients received specific or 
prophylactic antibiotic treatment. 

CASE 1.—A 53-year-old woman was seen 
after five unsuccessful surgical attempts to 
correct urinary incontinence. Her condi- 
tion worsened after each procedure: an an- 
terior repair, a retropubic urethropexy, a 
repeated anterior repair, a hysterectomy 
with retropubic urethropexy, and a third 
anterior repair plus posterior repair. The 
patient had had three different surgeons. 
On examination, the urethral support and 
vesicourethral angle were excellent, but 
the lumen of the urethra remained open 
and the urethral length foreshortened (Fig 
1 and 2). Incontinence was present in the 
reclining position as well as in the erect. 

Glycerine injection in June 1972 pro- 
duced complete urinary control for 48 
hours. This was followed by an injection of 
10 ml of polytef paste, which provided re- 
lief for three weeks. A second injection one 
month later with 6 ml of polytef paste 
yielded final control without residual urine 
(Fig 3 and 4). Bacteruria present before 
treatment has persisted, but has not com- 
promised her result. It has now been six 
months since successful treatment and the 
patient remains continent. 
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Fig 2.—Preinjection cystoscop- 
ic view. Viewed from the distal 
urethra, lumen is seen to be pa- 
tulous with the patient straining. 





Fig 4.—Postinjection cystoscopic-view. Lu- 
men is seen to be closed while the patient 
strains. 


CASE 2.—A 70-year-old woman was seen 
after three surgical procedures for treat- 
ment of incontinence: a hystereetomy, an 
anterior vaginal repair, and a retropubic 
urethropexy operation. She developed os- 
teitis pubis from this third operation and 
was seen by us at this point. The urethro- 
vesical junction had been the site of suture 
penetration, with stone formatien and in- 
fection. These conditions were corrected, 
but incontinence of urine persisted. Exam- 
ination revealed good anterior vazinal sup- 
port and normal vesicourethral angulation; 
but the urethra was patulous and scarred 
to cystoscopic examination. Urinary in- 
continence was constant in all but the re- 
clining position. Trial glycerine injection in 
August 1971 was rewarded with 24 hours 
of complete urinary control. Two weeks 
later 8 ml of polytef was injected as de- 
scribed. Urinary control was cemplete for 





Fig 3.—Postinjection cystogram. With the 
patient straining, urethra remains closed. 


three weeks; incontinence then recurred. A 
second 5-ml injection with the patient un- 
der general anesthesia one month later 
was effected. The patient required a single 
catheterization after this procedure to re- 
lieve brief urinary retention, which did not 
recur. One and one half years later she re- 
mains in complete control of urination, 
with no infection or residual urine. 

CASE 3.—A 71-year-old woman had stress 
urinary incontinence, which was constant 
in the erect position despite a previous 
hysterectomy and anterior repair, and de- 
spite an ensuing Ball operation combined 
with cystourethropexy. Cystoscopic exami- 
nation confirmed the presence of a patu- 
lous incompetent urethra, but normal pelvic 
support and urethral angulation. In June 
1971 she underwent glycerine injection, 
which produced three days of complete uri- 
nary control. Two months later 8 ml of 
polytef paste was injected under local an- 
esthesia; urinary control returned for 
three weeks. A second treatment one 
month later with 2 ml of polytef was given. 
One and one half years later, complete uri- 
nary control continues without infection or 
residual urine. 


Comment 


Although surgery fully restored 
pelvic support and _ vesicourethral 
angulation to the foregoing patients, 
they failed to gain functional im- 
provement. Because of attenuation, 
intrinsic scarring, and fixation of the 
urethral wall, the closure mechanism 
was unable to operate, and the ure- 
thral lumen remained locked in an 
open position. Any sudden increase in 
intra-abdominal pressure was trans- 
mitted to the open urethra, leading to 
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ineontiaeree. Repeated operations, 
failing to acrrect the underlying de- 
fect in urethral structures, were un- 
Successmil @ restoring urinary con- 
trol. Jaficete’ characterized this 
problem as tne “drain pipe” urethra, 
and expressed pessimism that any 
form of trestment is available to cor- 
rect it. The suceessful treatment in 
our patient: was the result of restor- 
ing the urethral closure mechanism 
by selec-ively increasing the thick- 
ness of the submucosal layer, dis- 
placing the amen inward, and caus- 
ing an imerease in intraurethral 
resistance. Cone to inject no more ma- 
terial than the amount needed to pre- 
cisely predus= urethral competence 
avoided urinary retention as a com- 
plication. In addition, skip areas of 
normal urthee were left uninjected 
to allow expamsion ef the lumen dur- 
ing mictumiticn. 

The use of an injection method to 
control uriaars incontinence has been 
described 3y Murless,° who injected 
morrhuate dium, a sclerosing 
agent, intc the anterior wall of the 
vagina to orcuce an inflammatory 
response. seceadary scarring then 
compressed the neompetent urethra. 


1. Jeffeoate TA: Principles of Gy- 
naecology, ed 3. Mew York, Appleton-Cen- 
tury-Crofts, 1367, > 842. 

2. Green TE Jr The problem cf urinary 
stress incontizenee in the female. Obstet 
Gynecol Survey 22503, 1958. 

3. Lapides _, et £l: Observaticn on the 
kineties of the ure-hrovesical sphincter. J 
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Polytef has been used for vascular 
grafts and prostheses in the human. 
The polytef paste mixture has been 
used successfully and without compli- 
cations in the treatment of paralysis 
of the vocal cords. Polytef particles 
become inert in the tissues after an 
initial period of mild inflammatory 
response.’ Presumably, as a result of 
this inflammatory response, the poly- 
tef remains fixed in the desired loca- 
tion, surrounded by foreign body gi- 
ant cells. 

The early inflammatory response to 
the polytef undoubtedly contributes 
to urethral thickness and early uri- 
nary control. This response wanes in 
three to four weeks; its abatement 
may have been a factor in the loss of 
continence in our patients at that 
stage. A second factor contributing to 
early failure may have been due to 
migration of polytef particles from 
the site of injection during the first 
month. Conceivably, the next bolus of 
polytef was met by a wall of giant 
cells and fibroblasts, effectively limit- 
ing the particles to the site of injec- 
tion and contributing to the success 
of the second treatment. 

The concept of nonsurgical injec- 
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tion treatment for urinary inconti- 
nence is attractive for several rea- 
sons. Aside from the obvious 
important considerations of reducing 
hospital time and patient morbidity, 
it is a technique that can be applied 
with a maximum of control. The ure- 
thral lumen is under constant visual 
control throughout the injection, thus 
preventing overtreatment. Repeated 
treatment, because of its simplicity 
and harmlessness, can be used to per- 
fect results at a later date if neces- 
sary. The preliminary use of sterile 
glycerine permits a preview of what 
can be expected, yet it is temporary 
and safe. 

Polytef augmentation urethro- 
plasty can be significant in the treat- 
ment and care of elderly patients 
with urinary incontinence when ma- 
jor surgery has to be avoided; and in 
the treatment of patients whose 
problem has failed to respond to sur- 
gical treatment. 


Nonproprietary Name 
and Trademarks of Drug 


Polytef—PTFE Paste for Injection, Teflon. 


SR honia rough intrachordal injection 
of Teflon paste. Ann Otol Rhinol Laryngo- 
scope 12:384, 1963. 

. Toomey JM, Brown BS: The histologi- 
cal response to intrachordal injection of 
Teflon paste. Laryngoscope 77:110, 1967. 
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Epidermoid Carcinoma 


of the Oral Cavity and Oropharynx 


Elective vs Therapeutic Radical Neck Dissection as Treatment 


Ronald H. Spiro, MD, Elliot W. Strong, MD, New York 


From a large series of patients who had a 
“commando” operation for mouth cancer, 
two groups were selected that were similar 
in all but one respect. One had histologic evi- 
dence of cervical node metastasis that was 
unsuspected clinically, and the other had 
both clinical and laboratory evidence of such 
spread. In those patients who died with un- 
controlled mouth cancer, the incidence of re- 
currence in the neck was higher in the pa- 
tients who had a therapeutic neck dissection 
for palpable metastases. Moreover, there 
was a trend toward a higher five-year cure 
rate in those who had elective neck dis- 
section before cervical metastases were pal- 
pable. This is presumptive, but inconclusive, 
evidence in favor of elective, radical neck 
dissection. 


j ease to the cervical lymph 
nodes is an ominous character- 
istic of epidermoid carcinoma arising 
in the lining epithelium of the oral 
cavity and pharynx. The incidence 
varies with the size and anatomic site 
of the primary lesion. Once metas- 
tases are obvious clinically, relatively 
few patients are cured regardless of 
surgical treatment. 

Accepted for publication April 30, 1973. 
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In some centers, elective, radical 
neck dissection has been advocated 
for patients with mouth cancers, lo- 
calized clinically to the primary site, 
that have been treated either by irra- 
diation*“ or surgery.‘ Inasmuch as 
some patients already have micro- 
scopic spread of tumor to regional 
nodes that is not apparent clinically, 
it is argued that neck dissection is 
best performed immediately. At Me- 
morial Hospital, this has been done 
only in those patients who require a 
mandible resection (or “commando” 
operation) in order to adequately ex- 
cise a primary mouth lesion. When a 
patient has a tumor suitable for exci- 
sion through the open meuth, neck 
dissection is usually performed only 
when enlarged cervical nodes are 
present. Even in those patients with 
tumors confined to the mobile tongue, 
almost 40% of whom subsequently de- 
velop metastasis to the neck, partial 
glossectomy alone has been the pre- 
ferred initial treatment rather than 
to perform an unnecessary elective 
neck dissection in the majority of 
cases.” ’ 

' The case for elective neck dis- 
section does not depend on the inci- 
denee of occult spread to cervical 
lymph nodes. Rather, it must be 


shown that neck dissection performed 
for clinically palpable metastases is 
less successful than a similar oper- 
ation for involved but not palpable 
nodes. Evidence in support of this 
contention is scant.’* For this reason, 
we have reviewed our experience in 
patients who had a “commando” op- 
eration (en bloc resection of the pri- 
mary lesion and the neck nodes in 
continuity) for primary lesions in the 
mouth. 


Selection of Cases 


During the years 1957 through 
1963, 1,712 new patients were treated 
for epidermoid carcinoma of the oral 
cavity and oropharynx (excluding the 
pharyngeal wall). In 699 patients 
(40.8%), a “commando” operation was 
performed either because the lesion 
involved the mandible or was inacces- 
sible for excision through the open 
mouth. Since the neck must be partly 
exposed when using a cheek-flap ap- 
proach for jaw resection, neck dis- 
section was carried out even if there 
were no enlarged nodes. As reported 
previously, about 30% of those pa- 
tients with clinically negative necks 
had histologic evidence of node me- 
tastasis. 

Of the 699 patients, we have ex- 
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Table 1.—Statws of Cervical Nodes in Patients Undergoing a ‘‘Commando’”’ 
Operation for Epidermoid Carcinoma of the Mouth* 


No. of 
Negative 
Primay S= Nodes 
Tongue 
Floor ofamor i 
Tonsil 
Gingiva 
Paiate 
Cheek mucc 
Lip 
Total 
* From 195? -freugh 1963. 





No. of Nodes No. of Nodes 
Clinically and Clinically Negative 
Histologically but Histologically 
Positive Positive 
(Therapeutic) (Elective) 
113 


Tabe3 —Sites of Treatment Failure in Patients Who Died With 
Uncontrolled Mouth Cancer 


Sie 
Neck only 
Neck & dstamt metastases 
Neck, primar: ste, & 


distantumetesteses 


Neck & pp ma-wsite 

Primary ste coir 

Primary site & stant 
metastases 

Distant m»taszases onty 

Contralateral =k 


Contralate-al » exek& 
distant metastases 


Total 


Elective 


No. of 
Patients 


Therapeutic 


No. of 
Patients 





* Excludes six pes operative d2aths and 14 cases in which information about the cause 


of death was not audilable- 


t Excludes 26 pesteperative deaths and 27 cases in which information about the cause of 


death was notavatene. 


cluded 287 whee nodes wer2 not in- 
volved. This lezv2s 305 patients who 
had clinical an@ leboratory evidence 
of metastases ¿ad 107 who had me- 
tastases tha’ were not-suspected clin- 
ically on his ole examination. The 
first group will 5e designated “thera- 
peutic”; the seeand “elective.” The 
status of the<ervical nodes aecording 
to site of the pr mary lesion is given 
in Table 1. 

In order so mpare the effec- 
tiveness of neck dëseetion in these 
two groups, E is important te estab- 
lish whether th=r were similar in 
other respect... Æs shown in Table 2, 
the differences sith respect to age, 
previous treatment, location, and size 
of the primary =:ien were remark- 
ably small. The sumber of women 
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was proportionately higher in the 
elective group, and there were rela- 
tively more patients with gingival le- 
sions in the elective group. 


Results 


The effectiveness of elective as op- 
posed to therapeutic neck dissection 
was assessed in two ways. First, we 
determined the pattern of recurrence 
or tumor spread in those who died 
with uncontrolled mouth cancer. This 
information was available in 48 of 62 
elective and 167 of 194 therapeutic 
cases. As shown in Table 3, 50% of 
those patients in the elective group 
developed recurrence in the dissected 
neck, whereas failure to control me- 
tastases to the neck occurred in al- 
most 70% of those undergoing thera- 
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Table 2.—Elective vs Therapeutic 
Radical Neck Dissection in Patients 
With Positive Nodes 






Elective, Therapeutic, 
% % 


305 





Total patients 107 










Median age 57 (34-77) 60 (19-86) 
Previous 

treatment 20, 18.7 49, 16.1 
Number of 

women 27, 25.2 52, 17.0 
Primary site 

Tongue 38,35.5 113,37.0 

Floor of 

mouth 23, 21.5 60, 19.7 
Tonsil 18, 16.8 62, 20.3 







Gingiva 16, 15.0 
Palate 7, 6.5 
Cheek mucosa 5, 6.5 


27, 8.9 
17, 5.6 
23,7.5 




















Size of 
primary lesion 
Ti (2 cm 
or less) 






6, 5.8 29, 9.6 










T2 (2.1- 
4.0 cm) 67, 64.4 184, 61.1 
T3(>4cm) 31, 29.8 89, 29.6 









Not recorded 3 3 





peutic neck dissection. 

Although the difference seems sig- 
nificant (P<.05, x? test), these data 
must be interpreted with care. In 
some instances, it may be incorrect to 
ascribe recurrence in the neck to an 
unsuccessful neck dissection inas- 
much as most patients had uncon- 
trolled disease in the primary site as 
well. In this regard, it should be noted 
that the overall incidence of recur- 
rence in the primary site was 70.9% in 
the elective, as opposed to 58.7% in 
the therapeutic group. If we assume 
that failure of local treatment in- 
creased the incidence of recurrence in 
the neck, this effect should have been 
greater in the elective group, which 
had proportionately more recurrence 
in the primary site. 

Second, we assessed the difference 
in the cure rate between the two 
groups. Of 107 patients who had an 
elective neck dissection, 25 (23.4%) re- 
mained alive and well five years later, 
as compared to 53 of 305 patients 
(17.4%) who had a therapeutic neck 
dissection. Excluding those who were 
free of disease when they died of 
other causes or were lost to follow-up, 
the determinate cure rates were 
26.6% and 18.9%, respectively (Table 
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Table 4.—Cumulative Five-Year Results 


Elective Neck Therapeutic Neck 

Dissection Dissection 
Postoperative death 6, 5.6% 26, 8.5% 
Disease was cause of death 62 194 
Living with disease 1 7 
Indeterminate” 13 25 
Alive and well 25 53 
Total No. of patients 107 305 
Absolute cure 23.4% 17.4% 

(25:107) (53:305) 

Determinate cure 26.6% 18.9% 


(25:94) (53:280) 





* Dead of other causes or lost to follow-up without evidence of recurrence. 


Table 5.—Factors Influencing Survival in Determinate Cases 


Elective 
(94 Patients) 


Therapeutic 
(280 Patients) 


No.of Alive and No.of Alive and 


Patients Well 


Site of primary lesion 
Tongue 36 8 
Floor of mouth 22 9 
Tonsil 12 2 
5 
0 
1 


Gingiva 14 
Palate 6 
Cheek 4 
Lip 
Size of primary lesion 
Tı (2 cm 
or less) 


T2 (2.1 cm- 
4 cm) 


T: (>4 cm) 
Not recorded 


4). These data suggest a trend toward 
increased survival in those who had a 
neck dissection before involved lymph 


The author’s suggestions are interesting 
and their conclusions warranted. It is 
paradoxical that the overall incidence of a 
recurrence in the primary site was 71% for 
the elective group as opposed to 59% for 
the therapeutic group. The chief message 
is, first, that elective neck dissection led to 
less local neck disease even though the pri- 
mary lesion was not controlled as fre- 
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% Patients Well 


22.2 104 19 
40.9 55 

16.7 

35.7 23 


25.0 





nodes became apparent clinically 
(P<.06 by one-sided test based on 
normal approximation to the bino- 


Invited Editorial Comment 


quently and, second, that mortality seemed 
better in the elective neck dissection 
group. 

This paper gives data on which the clini- 
cian can base decisions in these difficult 
problems. The authors wisely refrain from 
overstating their case. It is reassuring to 
note that a decision to delay neck dis- 
section until palpable nodes appear is not 


mial distribution). 

The influence of the site and size of 
the primary lesion on survival is 
shown in Table 5. Obviously, the num- 
ber of cases in each category is too 
small for valid comparison. Whatever 
beneficial effect an elective, radical 
neck dissection had on survival, the 
difference seemed to be most appar- 
ent in those patients with larger pri- 
mary lesions. 


The statistical material in this investigation 
was analyzed by Valerie Miké, PhD. 
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categorically deleterious to the patient. 
Therefore, there is room for clinical judg- 
ment and selection of patients based on 
consideration of such factors as age, stabil- 
ity, and socioeconomic factors. 
JOSEPH E. Murray, MD 
Boston 
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Announcing the Beckman BR-100 
Bilateral Impedance Rheograph. 





The Beckman BR-100 Bilateral Impedance Rheograph is the answer to 

a long-standing need — a fast, simple way to identify presence of clots 

in the occult leg veins. 

Painful, traumatic veno- 
grams are not usually 
ordered as routine 
screening procedure. 

So, the BR-1C0 gives 

the physician a new 
_ defense against 
| the clot comp-ica- 

tion...a totally 
noninvasive 
way of checking intact veins for normalcy, or 
problems. 

Basically, the instrument records blood vol- 
ume changes in both legs simultaneously, on 
a two-channel chart. This presentation 
permits a comparison between leg readings. 
A marked difference indicates venous 
impairment and a need for further testing. 

This mobile, compact instrument works 
at the patient’s bedside, and required 
patient maneuvers are fast and simple. 

It’s designed for use with even the most 

electrically susceptible patients. Tests 

can be made frequently, as compared with 

venography techniques. W Y a E 
Operation is simple, too. The BR-100 r Ay Di WAY $ 
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reliable. The few functional controls 
require no adjustment. And proce- 
dures can be learned fast and used 
easily by nurses and technicians. 

As for credentials, the BR-100 has 
evolved from a long clinical evaluation 
of the bilateral impedance measurement 

~ technique at a major 
California medical 
center. The results 
with more than 
800 patients confirm 
its value as a 
screening technique. 

For more 
information, write 
for Data File BR-1. 
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=f Yelda- aW INSTRUMENTS, INC. 


ELECTRONIC INSTRUMENTS DIVISION 
3900 River Road, Schiller Park, Ill. 60176 


See the BR-100 demonstrated in booths 158 and 160 at the 
American College of Surgeons meeting, McCormick PI., 
Chicago, Ill., October 14-18, 1973. 





Intragastric Instillation of Levarterenol 


A Method tor Control of Upper Gastrointestinal Tract Hemorrhage 
Mark C. Kiselow. MD, Marvin Wagner, MD, Milwaukee 


In am attemœ -o control massive upper 
gastrointest mal -ract hemorrhage, levartere- 
nol (8 mg in 10C ml saline) was nstilled into 
the stomachs o` | 2 massively and actively 
bleeding patant- en 13 separate occasions. 
The hemorrtage was controlled in seven in- 
stances (54%). Bhs mode of therapy can be 
instituted siraply. pramptly, and safely, and 
its use as the iretial therapeutic attempt to 
stop upper gacreintestinal tract hemor- 
rhage is warsant=< 


he perfermanee of emergency sur- 

gery te cancrel severe upper gas- 
trointestinel t-act bleeding is associ- 
ated with sigrificantly high morbid- 
ity and mostal tr. Less drastic means 
of stopping pper gastrointestinal 
tract hemcerhege should 5e found 
and utilizee if possible. One of the 
most recen ly suggested and safest 
forms of treacment of upper gas- 
trointestina tract bleeding has been 
the instillacior of levarterenol (Le- 
vophed) bitart=ate directly into the 
stomach.' Tre rationale behind this 
treatment is tast the topical appli- 
cation of a arze dose of a vasocon- 
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strictor to a bleeding site should 
cause the bleeding to stop. 

This article reports the authors’ 
early experience in treating patients 
with massive upper gastrointestinal 
tract hemorrhage by this method. 


Method 


Patients with active massive upper gas- 
trointestinal tract bleeding who continued 
to bleed after the usual initial therapy of 
gastric lavage with iced saline via a naso- 
gastric tube were treated with levarterenol 
instillation into the stomach. Patients who 
were thought to be bleeding from esoph- 
ageal varices were excluded from this 
therapy and were treated with Blakemore- 
Sengstaken tube or vasopressin (Pitressin) 
infusion into the superior mesenteric ar- 
tery or both.* Each of the patients in this 
series were under the personal care and su- 
pervision of the authors, and only patients 
with active massive hemorrhage are in- 
cluded in this article. 

The solution for instillation was pre- 
pared by mixing 8 mg of levarterenol with 
100 ml of saline. This solution was instilled 
down the nasogastric tube, and the tube 
was clamped for 30 minutes. Nasogastric 
tube irrigations with saline were then re- 
sumed to empty the stomach and to ascer- 
tain if the bleeding had ceased. 

When this therapy was successful in 
stopping the bleeding, it was readily ap- 
parent after the first one or two instilla- 
tions. There was a pronounced diminution 
in the quantity of fresh blood returning 


from the stomach after the nasogastric 
tube was unclamped. Since these patients 
were all bleeding massively, persistence 
with this treatment was not continued be- 
yond one or two instillations if no obvious 
control of bleeding was achieved. Each of 
the patients that continued to bleed re- 
quired emergency surgery to control the 
hemorrhage. 

In the cases where the bleeding was 
stopped, the instillations were repeated ev- 
ery hour for four to six hours. They then 
were repeated every two hours for four to 
six hours, and were then further reduced 
in frequency and finally discontinued. 


Results 


Twelve patients (seven men and 
five women) received intragastric 
levarterenol instillations as initial 
treatment to control active massive 
upper gastrointestinal tract hemor- 
rhage (Table 1). Since one of these 
patients (patient 6) received this 
therapy on two occasions which were 
four months apart, this regimen was 
used 13 separate times. Bleeding was 
promptly stopped on seven occasions, 
giving a success rate of 54%. 

Every patient who stopped bleed- 
ing following this therapy had no fur- 
ther bleeding during his hospital- 
ization. Patient 5 subsequently un- 
derwent surgery, but on an elective 
basis. One patient (patient 1) died, 
but he did not die of hemorrhage or of 
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Table 1.—Patients Treated With Intragastric Levarterenol Instillations 


f: Levarterenol 
Age, Cause of Method of Instillation 
Patient yr Sex Bleeding Diagnosis Successful? Comment 
1 59 M Stress ulcers Autopsy Yes Bleeding developed after extensive 
bowel resection for superior mesenteric 
artery thrombosis; died of peritonitis 
and hepatic failure 
2 67 M Hemorrhagic gastritis (probable) Two upper GI Yes History of excessive aspirin ingestion 
roentgenograms; 
series normal 
3 84 F  Pyloric ulcer (benign) Upper GI Yes 
roentgenograms 
4 49 M Duodenal ulcer Endoscopy Yes Multiple sclerosis 
Upper GI 
roentgenograms 
5 54 F Hemorrhagic gastritis Surgery (elective) Yes Two previous recent upper GI bleeding 
episodes; surgery performed after 
condition stabilized 
6 33 F Hemorrhagic gastritis Endoscopy Yes Postnecrotic cirrhosis, splenomegaly, 
and thrombocytopenia; 
had undergone vagotomy and pyloro- 
plasty for hemorrhagic gastritis three 
weeks before this bleeding episode 
Hemorrhagic gastritis (probable) Upper GI Yes This episode occurred four months after 
roentgenograms; previous episode of acute bleeding 
normal 
7 71 M Gastric ulcers Surgery No 
(chronic and benign) 
8 69 F Duodenal ulcer Surgery No 
9 50 M Gastric varix Surgery No Hypersplenism 
Hemodialysis for chronic renal disease; 
pancreatic pseudocyst 
10 82 F Gastric ulcer (benign) Surgery No 
11 62 M Hemorrhagic gastritis Surgery No History of excessive alcohol ingestion 
M Pyloric ulcer (benign) Surgery 





any ill effects of this treatment. He 
was not receiving intragastric levar- 
terenol at the time of his death. 
Review of the age groups and 
bleeding sources in the successful and 
unsuccessful cases does not indicate 
that certain age groups or certain dis- 
eases are particularly responsive or 
unresponsive to this therapy. In al- 
most every instance, the cause of the 
hemorrhage was not known at the 
time that the levarterenol instilla- 
tions were begun. There does not 
seem to be any way to predict which 
cases will respond to this treatment. 
There was no evidence of any sys- 
temic effect or deleterious local effect 
from this therapy. No patient exhib- 
ited any sudden change in vital signs 
concomitant with receiving intra- 
gastric levarterenol, and there was no 
instance of gastric or duodenal injury 
attributable to the levarterenol. 


Comment 
It has been well documented that 
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there is a tremendous difference in 
mortality following elective versus 
emergency surgery to contrel upper 
gastrointestinal tract bleeding (Table 
2). It is therefore of great importance 
to find and utilize safe and effective 
ways to stop upper gastrointestinal 
tract hemorrhage without resorting 
to emergency surgery. 

LeVeen et al' have proposed that 
intragastric levarterenol be used to 
safely and promptly stop upper gas- 
trointestinal tract bleeding. Levar- 
terenol was recommended since it is 
an alpha-adrenergic stimulator and 
causes marked vasoconstriction. They 
also reported that intragastric levar- 
terenol greatly decreases gastric acid 
production but does not alter gastric 
mucin production. They described this 
effect as being similar to the effect 
produced by vagotomy, which blocks 
parasympathetic stimuli to the stom- 
ach. This could also be a reason for 
the efficacy of intragastric levartere- 
nol. 


LeVeen et al' have shown that 
levarterenol and other vasopressors 
are promptly inactivated by the liver. 
Therefore, it levarterenol is injected 
or absorbed into the portal venous 
system, it will be promptly metabo- 
lized as it passes through the liver, 
and it will have no systemic effect. 
These observations were borne out in 
our patients in that not one of them 
showed any systemic effect such as 
elevation of the blood pressure from 
repeated large doses of intragastric 
levarterenol. 

The intraperitoneal administration 
of 8 mg of levarterenol in 250 ml of 
saline has also been suggested by Le- 
Veen et al.! They report that this 
technique causes splanchnic vaso- 
constriction and a consequent fall in 
portal venous pressure. This would 
seem to be most beneficial in treating 
patients with portal hypertension and 
bleeding esophageal varices. 

We have been reluctant to use in- 
traperitoneal levarterenol. One of the 
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reasons s thet the distribution of the 
drag camne de controlled. The drug 
could urknmewingly be injected into 
the bowed wal er into the mesentery 
and cause tense localized vasocon- 
striction and necresis. Loculations of 
the drug cezld develop, especially if 
intra-abeomimal adhesions are pres- 
ent. This conceivably could cause a 
high coneertration of the drug to be 
confined to = small area. This could 
possibly alsc ead to necrosis of the 
bowel, m-sentery, er omentum. 
Anothe veasen for our caution in 
the use cf m@raperitoneal levartere- 
nol is tha- tae whole dose of the drug 
is readily and rapidly absorbed 
threugh tae peritoneum into the por- 
tal systera. This eould cause hepatic 
anoxia or sow 4 further damage an al- 
reacy severe y diseased liver. Over- 
dosage in the deg produces a shock- 
like state. amd safe dosage limits in 
humans have aot been ascertained.’ 
Further iavestigation is needed. It 
may well se =mwn that levarterenol 
can de safely and effectively injected 
into the peritoneal cavity. 
Anotherme=as of delivering a high 
concentrator of a vasoconstrictor to 
a gastroin esamal tract bleeding site 
or into the sclenehnic system to re- 
duce porta pressure has been devel- 
oped by Nusbamm et al.? Their method 
involves the selective catheterization 


The pathobgics! process responsible for 
the bleeding and the anatomic site of the 
loss mast be idemt:fied. Blood loss second- 
ary to hemorathagic gastritis, gastric stress 
ulceration, and pestzastrectomy hemor- 
rhage, is immedistely-arvested in our expe- 


rience ‘about 30®= The authors have been . 


successful in thet series with five of six 
cases cf stres meer or hemorrhagic gas- 
tritis. The one c= of gastric varix should 
have been exduaed from the series. Some 
of the remain mg-esses responded, but suc- 
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T.bl= 2.—Comparison of Moralities of Elective and Emergency Surgical | 
Treatment for Upper Gastrointestinal Tract Bleeding 


Elective Surgery 


Aethe - Mortality, % Mortality, % 
Darinset al” 3.5 25 
Dorsey e a? 3.0 28 
Hami torn =tal° Le 17 

| _Halmegy# 0 20 


















Emergency Surgery 












of the celiac artery or one of its 
branches or the superior mesenteric 
artery and perfusing the selected ar- 
tery with vasopressin. This method 
also allows arteriography to be per- 
formed to demonstrate the site of 
bleeding. While this therapy is often 
very effective, it does require moving 
the bleeding patient to a well 
equipped radiology department 
where a highly skilled physician must, 
often laboriously, precisely place the 
arterial catheter. This techniques re- 
quires constant vigilance since a per- 
cutaneous arterial catheter is left in 
place for long periods of time and dis- 
lodgement of the catheter must be 
avoided. There are also inherent risks 
in the performance of arterial punc- 
ture, placement of an arterial cathe- 
ter, and prolonged maintenance of an 
indwelling intra-arterial conduit. 
The intragastric instillation of 
levarterenol can readily and rapidly 
be performed at the bedside. It does 
not require special skills or equipment 
and it can be instituted in a matter of 
minutes. The therapy is noninvasive 
and it is very safe. It does not require 
precise identification of the bleeding 
site prior to initiation of therapy. 
Whereas intragastric levarterenol 
therapy may not control the bleeding 
in every patient with upper gastroin- 
testinal tract hemorrhage, it none- 


Invited Editorial Comment 


cess was lower. The bleeding of stress ul- 
cers which accompanies sepsis is especially 
lethal and has yielded dramatically to in- 
tragastric vasopressor therapy. Since most 
of these patients were unfit for surgery, 
this therapy has resulted in an impressive 
salvage. The authors’ speculation about the 
hazards of intraperitoneal levarterenol are 
not consistent with our experience with 
more than 100 intraperitoneal instillations. 
If bleeding is not immediately stopped by 
gastric washing, the intraperitoneal route 





theless is a very worthwhile form of 
therapy to initiate immediately at 
the bedside. If this treatment is suc- 
cessful, it will be apparent in a short 
time, and other more strenuous and 
severe methods of treatment will 
have been obviated. 

With this initial therapy no harm 
will have been done, very little time 
will have been lost, and intra-arterial 
vasopressin infusion or surgery or 
both can subsequently be resorted to 
if this therapy fails. 

Since only patients with massive 
hemorrhage are included in this 
series, it is conceivable that this 
method of treatment would be even 
more frequently successful in pa- 
tients with less severe bleeding. Even 
if only half of the patients have their 
bleeding controlled by intragastric 
administration of levarterenol, it is 
well worth this attempt. 
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should be used without delay. Bleeding re- 
sponds in some cases only after intraperi- 
toneal instillation. Intraperitoneally ad- 
ministered levarterenol is also effective in 
lower intestinal tract bleeding. Massive co- 
lonic bleeding was arrested in six of seven 
cases by the intraperitoneal route. Ther- 
apy has been less successful in duodenal ul- 
cers than in gastric ulcers. 

Harry H. LEVEEN, MD 

Brooklyn 
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Inhibition of Renal Allograft Rejection 


Instances in Dogs With Specific Enhancing Immunoglobulin 
and Its Proteolytic Fragments 


Robert H. Yonemoto, MD; Robert M. Deliman, MD; 
William D. DuSold, MD; Thomas Hamilton, Duarte, Calif 


Dog-specific IgG and Fab was produced 
from dogs immunized against donor dog’s 
spleen and kidney. Goat antidog kidney 
F(ab’), was secured by immunizing goats 
against donor dog’s kidney. These specific 
enhancing immunoglobulin and proteolytic 
fragments were perfused intrarenally via the 
renal artery following the renal allograft 
made in the neck. Dogs treated with IgG sur- 
vived on the average of 9.9 days, whereas 
the mean survival time of five dogs treated 
with Fab was 5.6 days, excluding one long- 
term survivor of 31 days. Dogs receiving 
goat F(ab’), had a mean survival time of 11.0 
days, which was not statistically significant 
when compared with control dogs with MST 
of 8.7 days. Although F(ab’), has been suc- 
cessfully utilized to prolong renal allografts 
in other experimental models, we have not 
been able to achieve enhancement in our ca- 
nine model system. 


Pou énhancement (acceptance of 
an allografted organ or progres- 
sive growth of tumor by the adminis- 
tration of antiserum or its derivatives 
from immunized allogeneic animals) 
was first described by Kaliss and 
Molomut’ in the tumor system. By 
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passively transferring immunized se- 
rum they were able to enhance the tu- 
mor growth in allogeneic (genetically 
dissimilar though from the same spe- 
cies) mice (Fig 1). Subsequently, suc- 
cessful results have been reported 
with use of passive transfer of anti- 
sera from animals sensitized against 
the donor antigens with the exeeption 
of a few negative results. Dose sched- 
ule, specificity, as well as origin of se- 
rum used and strain differences can 
account for the discrepancy of the end 
results. It is generally agreed that a 
large and frequent dosage of serum 
given close to the time of grafting is 
required for successful passive trans- 
fer experimentation, since the half- 
life of y-globulin is quite snort. It 
would also appear that best results 
can be achieved when antibodies 
against all antigenic receptors of 
foreign tissues are available. The en- 
hancing factor, although not conclu- 
sive, is considered to be immuno- 
globulin G (IgG), which in itself does 
not alter the antigenicity of allo- 
genic graft (immunoglobulin G is 
the most abundant immuneglobulin 
among the y-globulins with 2 molecu- 
lar weight of 150,000). Several 
theories have been advanced to ex- 
plain the mechanism of enhancement 
from the standpoint of afferent and 
efferent limb blockage as well as cen- 
tral inhibition. (Afferent and efferent 
limb of immune response may be ex- 


plained as follows: The immune re- 
sponse in an animal is initiated first 
by the release of specific antigen 
from the grafted organ, which is 
transported to the reticulo-endothe- 
lial [RE] system [center]. This part of 
the immune pathway is called the af- 
ferent limb. The RE system then re- 
leases sensitized lymphoid cells, which 
in turn attack the graft via the arte- 
rial route. This latter part of the im- 
mune are is named the efferent limb 
of the immune response.) 

Since enhancing IgG is antigenic, 
efforts were made to secure subfrac- 
tions of this molecule, which is still 
capable of blocking the immunologi- 
cal rejection response but no longer 
antigenic, by digestion with proteo- 
lytic enzymes such as papain and pep- 
sin. Broder and Whitehouse’ have 
demonstrated in a tumor xenograft 
model that F(ab’), fragments, secured 
by pepsinizing the IgG immuno- 
globulin, successfully enhanced tumor 
growth whereby inhibition was noted 
by intact IgG. (Fab, F(ab’)., and Fe: 
IgG, when digested with papain, pro- 
duces two Fab fragments and an Fe 
molecule, The Fe molecule plays a role 
in activating the complement system; 
therefore, it is precipitated out prior 


to the use of Fab. When IgG is di- 


gested with pepsin, a bivalent form of 
F(ab’), is produced. The Fc fragment 
in this case is fragmented during the 
process and no longer plays an anti- 
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Fig 1.—Pa=mĪe enhancement. When tumor from strain A mouse is transplanted into 
strain B mouse tumor is rejected. When lyophilized tumor tissue is first injected into strain 
B mouse (1) 2) and a second strain B mouse is treated with serum from this immunized 
mouse (3), tu or from strain A mouse will progressively grow in recipient (4). A similar ‘‘en- 
hanceraen*’ Pe omenon can be induced in organ transplantation under certain conditions. 


genic role.) . Eewise it has also been 
shown that the use of F(ab’), en- 
hances skin allografts in mice. The 
use of pretest tie enzyme pepsin ap- 
pears to have an advantage over pa- 
pain since tre Fc fragment is com- 
pletely dest-ored, thus eliminating 
the act.vatior of the complement Sys- 
tem, which slays a role in allograft 
rejection. The Féab’), is effective in 
blocking the satigenie sites as shown 
by Chard,” tks creating immunologic 
enhancement “he Fab derived from 
papainizatior may be just as effec- 
tive. In this ease. the Fe fragment, 
which is higEiy antigenic, is crystal- 
lized out by means of the technique of 
Porter.‘ The acvantage of the uni- 
valent Fabiis hat it cannot serve as a 
coupling dev =; therefore, precipi- 
tation or age=iatimation is not in- 
duced. Brode- nd Whitehouse? also 
showed that »enografts of mouse Er- 
lich ascites tumcr eelis in guinea pigs 
are inhibited by +.-immuroglobulin 
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but are enhanced by the F(ab’), im- 
munoglobulin fragment. They sug- 
gested that production of immuno- 
globulin fragments in vivo could 
similarly alter a variety of host im- 
mune responses. Whitehouse and Kil- 
duff’ also showed that noncytotoxic 
F(ab’), immunoglobulin fragments 
combined with tumor cell antigen but 
do not bind with complement; and 
such fragments are divalent. Thus, a 
cytotoxic immunoglobulin IgG can be 
converted to a noncytotoxic fragment 
F(ab’), by a proteolytic digestive pro- 
cessing. Furthermore, Tao and Uhr’ 
have shown that F(ab’), inhibits anti- 
body production. 

Although enhancement of rat renal 
allografts with F(ab’), fragment of 
donor-specific antikidney serum’ and 
one case of immunological enhance- 
ment of human renal allograft with 
use of Fab and F(ab’), derived from 
the antiserum of the immunized fa- 
ther of the recipient child has been 








Fig 2.—Vascular anastomosis and place- 
ment of catheter. With the neck as allograft 
site, renal artery is anastomosed to carotid 
distal to thyroid artery branch and a small 
silicone rubber catheter placed into thyroid 
artery for infusion therapy. Renal vein is 
anastomosed to external jugular vein. Ure- 
ter is brought out as a cutaneous ureteros- 
tomy. 


shown to be successful,* no report to 
this date has been available with use 
of the canine renal allograft system. 
In our laboratory, during the past 
several years, the effect of passive en- 
hancement on canine renal allografts 
has been one of our major interests. 
It is the intent of this communication 
to report the experience of utilizing 
intact specific IgG as well as proteo- 
lytic digests of this immunoglobulin. 


Method 


Dog-specific IgG and Fab was produced 
by immunizing a second dog with the do- 
nor dog’s right kidney homogenate, 
whereas species-specific F(ab’), fragment 
of goat antidog kidney IgG was produced 
from the antisera of goats immunized 
against dog kidney. Thus, prepared spe- 
cific dog IgG, Fab, and goat F(ab’), was in- 
fused intra-arterially into the allografted 
kidney at the time of the transplant and 
four days thereafter to study the enhanc- 
ing effect on allograft survival. 

Operative Procedure.—Randomly selected 
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Fig 3.—Preparation of F(ab’),. From goat antidog kidney serum, IgG is first isolated. When 
IgG is digested with pepsin and placed onto Sephadex column, F(ab’), and Fc come off as 
main components. Fc fragment is readily identified and discarded since its action (ie, com- 


plement fixation, etc) is undesirable. 


mongrel dogs weighing 15 to 25 kg were 
fully immunized against distemper, hepa- 
titis, and rabies and were paired off on the 
basis of dissimilar appearance. Simultane- 
ous cross transplantation of the kidney 
was performed to the recipient’s neck, uti- 
lizing the carotid artery and external jugu- 
lar vein for the vascular anastomosis. 
Since both paired dogs had previously do- 
nated their right kidney for the purpose of 
immunization and antibody production, 
the second nephrectomy made them devoid 
of kidneys. A small silicone elastomer cath- 
eter was placed into the thyroid artery and 
the anastomosis made distal to this branch 
(Fig 2). Postoperatively, the specific immu- 
noglobulin, papain, and pepsin digest of 
the immunoglobulin was instilled slowly 
into the catheter once a day for direct per- 
fusion of the agents into the kidney sub- 
stance. The usual daily infusion dose was 
100 mg of protein. 

Ex-vivo Perfusion of the Kidney.—Immedi- 
ately following the nephrectomy, each kid- 
ney was perfused with 40 ml of normal sa- 
line to wash out gross blood from the 
vascular bed following which 40 to 100 mg 
of IgG, Fab, or F(ab’), was infused imme- 
diately prior to the transplantation into 
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the neck site. The ischemia time was in the 
range of 20 to 25 minutes. 

Technique for Production and Purification 
of F(ab’), Fragment of Dog-Specific Goat An- 
tikidney Immunoglobulin G (Fig 3 and 4).—A 
right nephrectomy of the donor dog was 
performed, and the kidney decorticated 
and the cortex minced finely with scissors. 
The kidney tissue was homogenized in a 
blender, the homogenate centrifuged for 
ten minutes at 3,000 rpm, the pellet dis- 
carded, and the supernatant stored in a 
liquid nitrogen container. One milliliter of 
antigenic extract was mixed with 1 ml 
of complete Freund’s adjuvant and in- 
jected subcutaneously into two separate 
locations in goats. Second and third im- 
munization followed at weekly intervals and 
the goats were checked weekly forl gG titer 
and specific antikidney titer by the Ouch- 
terlony and immunoelectrophoresis tech- 
nique. After a five- to six-week waiting pe- 
riod following the initial antigen challenge, 
the goats were bled and the serum har- 
vested and frozen until further use. The 
serum was precipitated by the addition of 
ammonium sulfate following which the 
precipitate was dialyzed against phosphate 
buffer. The dialysate and the Ig@ was col- 


lected first, placed on a DEAE cellulose col- 
umn, and the immunoglobulin fractions 
analyzed by optical density at 280 nm and 
peak fractions pooled and pervaporated 
against sodium acetate buffer. In this way, 
secured immunoglobulin is pepsinized, uti- 
lizing the technique of Nisonoff et al’ by 
adding pepsin to a ratio of 1% of protein. 
This combination was incubated at 37 C 
for six to eight hours. The digestion was 
interrupted by addition of 1 mol of phos- 
phate buffer until the pH was neutralized. 
The solution was then placed on a fraction- 
ating column (Sephadex G-150) following 
which the fractions were analyzed by 
spectrophotometry at 280 nm. The result- 
ing four fractions were (1) undigested IgG, 
(2) F(ab’)., (3) Fe, and (4) pepsin. The 
F(ab’)., which constitutes the major frac- 
tion, was pervaporated against phosphate 
buffer and the protein concentration 
tested by biuret technique and the purity 
checked. The final procedure consists of ul- 
trafiltration to rid of any bacterial contam- 
ination prior to its usage. 

Preparation of Dog-Specific IgG.—The do- 
nor dog’s right kidney and, on occasion, the 
spleen are removed, homogenized, and in- 
noculated into a second dog for the produc- 
tion of dog-specific antidonor sera. The 
IgG was produced, utilizing the same 
method listed above. 

Preparation of Fab Fragment of Donor- 
Specific Antikidney Immunoglobulin G.—Di- 
gestion of IgG with papain was carried 
out, utilizing the technique of Porter.*"° 
Briefly, the IgG sample is added to the pa- 
pain solution and incubated at 37 C for 16 
hours. This combination is dialyzed against 
water with vigorous stirring to inactivate 
the enzyme. The preparation is dialyzed 
against 0.1M acetate buffer at pH 5.5 and 
added to a carboxymethyl cellulose column. 
Fractions are analyzed at 280 nm and Fab 
fragments secured. 


Results 


Dogs dying of surgical complica- 
tions were excluded from the series. 
The survival time of dogs in each ex- 
perimental group is listed in the 
Table. 

Eleven dogs received dog-specific 
IgG. Their mean survival time was 
9.9 days. No demonstrable hyperacute 
rejection was noted in this group. All 
dogs manifested uremia as a terminal 
event and the histological findings 
were typical of acute rejection, with 
marked round cell infiltration, tubular 
necrosis, and occasional plugging of 
glomeruli with fibrin and platelets. 
No significant prolongation compared 
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to that iœ cancro! animals receiving 
lactated E nge’s solution was noted. 

Dogs reeyvng dog-specific Fab 
showec shortersurvival time with the 
exception ef oze long-term survival 
of 31 days This dog received 200 mg 
of Fab the dey of surgery and daily 
thereafter torf-ur days for a total of 
1,000 mg, whcs was approximately 
double the =mount the other dogs re- 
ceived. The daz died of renal failure 
as confirmed ty the histological fea- 
tures of meder.te round cell infil- 
tration wif foal areas of hemor- 
rhage bu wth well-preserved 
glomeruli aad #uDules. 

Dogs rece virgwoat antidog kidney 
F(ab’), sarv-rec en the average of 11 
days, slighty mzger than the con- 
trols. The Emge:t survival was 18 
days. Statist cally this difference was 
considered isign ficant (.3 > P> .2). 
All deaths w=re dwe to uremia but the 
blood urea nitmgen (BUN) and 
creatinine levels «n the average did 
not rise as hizh es those of the control 
dogs and the arine output lasted 
longer. The caaraceristic histological 
feature was -hat ef varying sizes of 
cyst-like fern=tien replacing the glo- 
merular sites a several of the speci- 
mens. Otherw se be general histolog- 
_ ical features were consistent with 
acute rejection. 

There were :wo autografted dogs 
who received goat Fab’), as a control, 
to assess the efeet.of F(ab’), on the 
kidney. These doze functioned nor- 
mally with nc inerease in BUN or 
creatinine. After 30 days of observa- 
tion the degs were killed and ne- 
cropsies performed. Again cyst-like 
structures repsciag the glomeruli 
were noted m s=atte-ed areas, but no 
abnormalities were mted in other or- 
gans. 


Comment 


Our interest ir paas-ve immunologi- 
cal enhancemen: led to a series of 
preliminary ezperiments several 
years ago in vaid whole plasma 
from a specificeily immunized dog 
was introduced mtragmnally for five 
days following dres transplanta- 
tion. In these experiments the spleen 
of the donor dog wa: homogenized 
and placed imtracerteneally into a 
second dog. After several weeks of 
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Fig 4.—General experimental design. A right nephrectomy of donor dog is performed and 
a goat is immunized with kidney homogenate. After five to six weeks the goat is bled and 
antidog kidney serum secured. IgG and F(ab’), is harvested from this serum and adminis- 
tered via a catheter into renal artery during and after transplantation. 


Survival Time of Renal-Allografted Dogs Treated With IgG, Fab, and F(ab’), 


Agents and 
Treatment 


Dog Fab 
Goat F(ab’)2T 
Lactated Ringer's (control) 





Mean Survival 
Time+SE 


Survival Time, 
Days 
6,6,6,6,7,10,11,12 

13,16,16 
5,5,6,6,6,31 
6,8,11,12,18 
6,8,8,9,9,12 


5.6+0.5* 
11.0+4.6 


* Mean survival time calculated by exclusion of 31-day survivor. 
t Two autografted dogs who received goat F(ab’)2 intrarenal infusion manifested good 


waiting period the second dog was 
bled and plasma secured. The donor 
dog’s kidney was then transplanted 
into the neck of a third dog by the 
identical technique described earlier. 
When plasma plus buffy coat was in- 
troduced intra-arterially into the kid- 
ney, the average survival was 9 days 
in six dogs, but when plasma alone 
was utilized, the average survival was 
14 days in eight dogs treated: This 


function of kidney until they were killed 30 days later. 


was an improvement over the control 
dogs, who lived an average of eight 
days. These experiments led to fur- 
ther exploration of allogeneic- and 
xenogeneic-specific immunoglobulins 
and the proteolytic fractions thereof. 
The advantage of passive enhance- 
ment as a means of ablating allograft 
rejections is obvious, especially in sit- 
uations where immunosuppressive 
drug treatment is very undesirable, 
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ie, on children requiring kidney 
transplant, for fear of preventing 
normal growth,‘ or in lung transplan- 
tation where the infection rate is ex- 
tremely high. In fact IgG has been 
shown to be cytotoxic in certain spe- 
cies but it is generally agreed that 
the proteolytic fractions, Fab, F(ab’)., 
have no cytotoxicity, since the com- 
plement-binding Fc fragment is re- 
moved. The efficacy of Fab of anti- 
lymphocyte globulin to abrogate 
allograft reactivity in the form of 
graft vs host reaction was shown in 
vivo by Gallagher et al. Enhanced 
renal allograft with F(ab’), was dem- 
onstrated by Shaipanich et al,’ utiliz- 
ing the LBNF (donor)-Lewis (recipi- 
ent) system, differing at the major 
Ag-B locus. Others? have also 
shown that immunological enhance- 
ment can be readily accomplished by 
active or passive enhancing maneu- 
vers in rats. 

Since our animals were mongrel 
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dogs selected on a random basis, the 
histocompativility genes could not be 
standardized in any fashion. The ex- 
perimental design utilizing IgG, Fab, 
and F(ab’), in our experiments did 
not alter the survival of recipient 
dogs significantly. This could be due 
to extreme discrepancy of histocom- 
patibility genes, the dose schedule of 
agents utilized, and, in the case of 
Fab, some impurity of the end prod- 
uct, which was noted later. Since the 
biologic half-life of F(ab’), is ex- 
tremely short, one would out of neces- 
sity want to give the F(ab’), as fre- 
quently as every six hours or more to 
maintain its afferent inhibition. This 
may be impractical. 

The dose of enhancing antibodies 
required to effect prolongation in re- 
lationship to the kidney mass or total 
renal cell population is unknown, al- 
though the case of rat allograft ex- 
perimentation’ and one case of 
our Fab experiment tended te favor 
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larger doses. Whether production 
and use of extremely large doses of 
such antibodies is practical or not is 
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Carotid Artery Occlusive Disease 
Following External Cervical Irradiation 


Stuart A. Lev=ason, MD; Myron B. Close, MD: 
William K. Elen exl. MD; Ronald J. Stoney, MD, San Francisco 


Cerebrovascul insufficiency caused by 
atypical atheroserstc lesions in cervical ar- 
teries more tham 25 years after external cer- 
vical irradiation accurred in three patients. 
Symptoms were produced by cerebral em- 
bolization in one patient, impaired retinal 
perfusion in anther, and decreased total 
cerebral perfusiom ir = third. Arterial recon- 
structions were suecessfully employed in 
two patients whe Fae bilateral, ulcerative 
lesions of the commercarotid artery. Spon- 
taneous thrombeeis ofthe involved arteries 
precluded repair æ ome patient. 

The nature æð mechanism of arterial 
damage following irradiation is described, 
and previously reperee cases of radiation- 
induced arterial imer ore reviewed. Radia- 
tion-induced cardi? eatery disease must be 
considered in paints with symptoms of 
cerebrovascular insufficiency, who have had 
previous cervical :adiation. Localized oc- 
clusive lesions maw be identified that are 
amenable to vascuier surgical reconstructive 
techniques. 


QO” of the kaeands of radiother- 
apy is its øe undesirable ef- 
fects upon norma tssue. In the nor- 
mal arterial wall == exserimental ani- 
mals, external mracistion has been 
shown to produee lesins similar to 
atherosclerosis.'* Tais report de- 
scribes three patients who developed 
cerebral ischemia mo-e than 25 years 
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following external cervical irradia- 
tion. Atherosclerotic lesions appeared 
at the site of irradiation in an arterial 
segment only rarely involved by arte- 
riosclerosis. 


Report of Cases 


CASE 1.—A 74-year-old man suddenly de- 
veloped hemiparesis on the right side on 
Oct 13, 1969. He denied previous episodes 
of transient cerebral ischemia. Twenty- 
five years previously, carcinoma of the lar- 
ynx had been treated with irradiation to 
7x7-cm, bilateral opposed fields at 200 
kvp, 1.1 mm Cu half value layer, 80 em tar- 
get skin distance. The tumor dose was 
7,500 rads, given in 26 fractions over 43 
days. 

The skin overlying the larynx and adja- 


Fig 1.—Preoperative arteriograms show- 
ing severe ulceration and stenosis of right 
and left carotid arteries (case 1). 
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cent strap muscles showed typical postir- 
radiation pallor and atrophy. The patient’s 
carotid pulses were of normal amplitude, 
but loud midcervical carotid bruits were 
audible. The fundi were normal. Neuro- 
logic examination showed moderate weak- 
ness of the-right arm and leg and a posi- 
tive Babinski reflex. Arteriograms showed 
stenotic and ulcerative lesions in each ca- 
rotid artery (Fig 1). 

Surgical exploration of the left carotid 
artery showed significant periarterial fi- 
brosis, and severe stenosis and ulceration 
of the common carotid artery. The stenosis 
originated 4 em proximal to the bulb and 
extended into the internal carotid artery. 
An endarterectomy restored the arterial 
lumen to normal. There were no complica- 
tions. A right carotid endarterectomy was 
performed two weeks later and similar 


Fig 2.—Photomicrograph showing thick- 
ening and hypertrophic changes in intima 
with ulceration and focal areas of calcifica- 
tion (case 1). 
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Fig 3.—Left, Arteriogram showing severe narrowing of entire in- 
ternal carotid artery (lower arrow). Intracranial internal carotid ar- 
tery (upper arrow) is uninvolved (case 2). Right, Diagram of arterio- 
gram showing extent of involvement. 


findings of periarterial fibrosis and ulce- 


rating atherosclerosis were noted. Patho- 


logic examination showed thickening and 
hypertrophy of the intima with numerous 
ulcerations and focal areas of calcification 
(Fig 2). 

Case 2.—In December 1971 a 54-year-old 
woman was admitted to the hospital with a 
chief complaint of six months of daily at- 
tacks of blindness in the right eye. There 
were no other cerebrovascular ischemic 
symptoms. In 1937, a right parotidectomy 
had been performed for adenocarcinoma, 
and postoperatively, 4,400 rads of 200-kvp 
therapy were given to the right parotid 
area through a 4-em circular port. In 1940, 
a local recurrence of the tumor had been 
given 7,200 rads of 200-kvp therapy 
through a 2.5-em circular cone. 

The patient’s blood pressure was 145/78 
mm Hg. There was scarring in the area of 
the right temporomandibular joint. The 
ocular fundi were normal. All pulses were 
of normal amplitude, but a bruit was au- 
dible over the right carotid artery. An ar- 
teriogram on May 2, 1972, showed severe 
narrowing of the entire cervical portion of 
the right internal carotid artery and occlu- 
sion of the external carotid artery (Fig 3). 
All other extracranial vessels were free of 
disease. During the arteriographic proce- 
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dure, the right common and internal ca- 
rotid arteries spontaneously occluded (Fig 
4). No operation was attempted as there 
were no neurologic sequelae. Presently, the 
patient continues to have occasiomal “haze” 
in the lower half of her right visual field. 

CASE 3.—A 68-year-old woman ^ad a sud- 
den “drop attack” in May 1972. She did not 
lose consciousness during this episode. No 
previous cerebrovascular symptoms could 
be elicited. In 1918, and again in 1940, she 
had received an unknown quartity of ra- 
diation therapy to her neck for hyperthy- 
roidism. Diffuse postirradiztion skin 
changes developed over the ent re anterior 
part of the neck and required ccsmetic sur- 
gery in 1965. 

On examination, there was. significant 
induration of the skin in the anterior cervi- 
cal region. Bruits were audible over both 
carotid arteries, and both supraclavicular 
regions. An arteriogram on May 17, 1972, 
showed severe ulceration anc stenosis of 
both common carotid arteries. occlusion of 
the left vertebral artery, amd moderate 
stenosis of the midportions of both subcla- 
vian arteries (Fig 5). ` 

On May 26, 1972, a right carotid explora- 
tion revealed severe periarterial fibrosis, 
with an ulcerating, partially occlusive le- 
sion of the common carotid a”tery. A saph- 





Fig 4.—During arteriography, common carotid artery (arrow) 
thrombosed back to its origin from innominate artery (case 2). 


enous vein graft was anastomosed proxi- 
mally at the level of the clavicle to the 
uninvolved common carotid artery and dis- 
tally to an endarterectomized carotid bulb. 
The postoperative course was uneventful. 
On July 18, surgical exploration of the left 
carotid artery revealed disease identical to 
that which involved the right carotid ar- 
tery. A similar operative procedure was 
performed. Pathologic examination of the 
excised segments of both common carotid 
arteries revealed severe calcific atheroscle- 
rosis. 


Comment 


Accelerated atherosclerosis was 
shown to occur following the irradia- 
tion of large arteries in hyper- 
cholesterolemic animals.’* Lindsay et 
al' produced similar atherosclerosis in 
irradiated aortic segments of normal 
dogs. The exact mechanism of arte- 
rial change that follows the irradia- 
tion is controversial. In mice, irradia- 
tion produced an increase of ground 
substance and fraying of the elastic 
membrane, which Smith and Lowen- 
thal’ likened to the changes of aging. 
Sams’ found similar changes in the 
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Fig 5.—Arte-egram demonstrating severe 
ulcerationwarnt stenesis of both common ca- 
rotid artenes, #eccu ion of left vertebral ar- 
tery, and mecarete stenosis of origin of 
right vertebra! artery (arrows). There is also 
evidence of st=tosi¢ of midportion of both 
subclavian artes Case 3). 


vessel wall, and moted severe peri- 
arterial fibm=ss which he believed 
constricted te er-ery. Recently, Ru- 
bin and Casææt™ described occlusive 
changes in the vas vasorum of large 
arteries, whica he~ believed led to is- 
chemia of the =rteral wall and subse- 
quent damage. 

Only a few ceases of arterial oc- 
clusive diseas= ‘odowing radiation 
therapy in adult p=tients have been 
reported. Ischemie cf the lower extre- 
mities has beem des-ribed in patients 
who have und=xgore pelvic irradia- 
tion for carcineme -nd in whom the 
arteriograms sewed a distinct pat- 
tern of aortc-ilise ceedlusive disease lo- 
calized to the az-eri@ segments with- 
in the irradiatica fieds.’-* The patho- 
logic findings ware <ypical of those 
produced exper/=2rtally. 

- Postirradiatie< changes in the tho- 
racic aorta and & branches have also 
been reported, — siceaberg et al’ de- 
scribed a patient whe received medi- 
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` astinal and supraclavicular irradia- 


tion for Hodgkin disease. Twelve 
years after irradiation therapy, the 
patient developed symptoms and 
signs of ischemia of the upper ex- 
tremities, and died shortly thereafter. 
At autopsy the aortic branches 
showed intraluminal radiation fibro- 
sis and encasement by residual tu- 
mor. Thomas and Forbus" described a 
patient who died 2'4 years following 
mediastinal irradiation for a lympho- 
matous tumor. At autopsy, the inci- 
dental findings of splenic and renal 
infarcts were thought to be secondary 
to fibrin emboli from a radiation-in- 
duced, necrotic lesion in the aortic 
arch. Glick" described a patient who 
developed symptoms of cerebro- 
vascular insufficiency following irra- 
diation for carcinoma of the larynx. 
Four years following the onset of 
symptoms, bilateral occlusion of the 
common carotid artery resulted in a 
fatal stroke. At autopsy, the occluded 
carotid arteries showed intimal dis- 
ruption and fragmentation of the in- 
ternal elastic lamina, which were be- 
lieved to be the result of irradiation. 
Hayward" described a patient who 
developed symptomatic, bilateral oc- 
clusive disease of the common carotid 
artery 27 years following cervical ir- 
radiation for hyperthyroidism. The 
patient was rendered symptom-free 
following surgical replacement of 
both diseased vessels with a Dacron 
prosthesis. 

Radiation-induced arterial disease 
is assumed to have been caused in our 
patients by (1) irradiation changes in 
the skin and subcutaneous tissues 
within the x-ray fields; (2) marked 
periarterial fibrosis around the in- 
volved vessels; (3) the restriction of 
arterial lesions to the treated areas; 
and (4) lesions which by their location 
and extent were unusual for typical 
atherosclerosis. 

Our three patients presented var- 
ied manifestations of cerebral is- 
chemia. In case 1, the single episode 
of hemiparesis on the left side is best 
explained by an embolus. The source 
was the raw, ulcerated lesion in the 
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proximal carotid artery. Since its re- i 


moval, the patient has had no further 


episodes of cerebral ischemia. In case 
2, the repeated episodes of visual dis- — 


turbance were due to transient reti- 
nal ischemia, caused initially by a se- 
vere proximal carotid stenosis and 
later occlusion, with subsequent re- 


duced retinal perfusion. In case 3, the 


single drop attack was typical of ver- 
tebrobasilar insufficiency. In this 
case, it was secondary to decreased 
cerebral perfusion created by severe 
stenosis of the common carotid ar- 
teries and occlusion of the left verte- 
bral artery. After revascularization 
of the common carotid arteries was 


performed, there have been no fur- — 


ther cerebrovascular symptoms. 
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Abscess in the 


Nonlactating Breast 


MAJ David A. Ekland, MC, USA, 
LTC Michael G. Zeigler, MC, USA, 
Fort Sam Houston, Tex 


The clinical records of 50 patients with ab- 
scess in nonlactating breasts were reviewed. 
There was a significant difference in re- 
sponse to operative treatment, depending on 
the location of the abscess (x? = 5.9, 
P <.025). 

Twelve patients treated for peripheral ab- 
scesses responded satisfactorily with a 
single recurrence (8%). Etiologic factors 
were implicated in (nine) 75%. One patient 
had coexisting invasive ductal carcinoma. 


bscess in the  nonlaetating 
breast is uncommon and few of 
us have the opportunity of formulat- 
ing an approach to therapy from per- 
sonal experience. Two types of ab- 
scess are described, peripheral and sub- 
areolar.’ Little clinical information 
is available in the literature concern- 
ing peripheral abscess in the nonlac- 
tating breast. There are diverse opin- 
ions regarding the pathogenesis of 
subareclar inflammation.*° Reflect- 
ing this lack of agreement, various 
methods of operative treatment have 
been advocated.**® Frequent persist- 
ence and recurrence of abscesses are 
reported. -s 
We propose to review the experi- 
ence with this condition at Brooke 
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Thirty-eight patients were treated op- 
eratively for subareolar abscesses, and 
recurrence was documented in 15 (39.5%). 
Bacterial invasion was not considered an im- 
portant primary etiologic factor. Nipple in- 
version was noted in two (9%) of patients 
with their first abscess and in three (19%) 
with recurrent abscess. The pathogenesis of 
subareolar inflammation is discussed. Oper- 
ative treatment requires consideration of to- 
tal excision of subareolar ducts. 


General Hospital over a 22-year pe- 
riod and to evaluate operative treat- 
ment in view of current knowledge. 


Materials and Methods 


The clinical records of 50 patients 
treated for nonpuerperal breast abscess 
from May 1950 through May 1972 were re- 
viewed. There were 48 females and two 
males ranging in age from 14 to 72 years 
(mean age, 35 years). The age distribution 
is shown in the Figure. Twelve patients 
had peripheral and 38 had subareolar ab- 
scesses. 

Presenting symptoms included pain and 
localized tenderness in the breast and were 
associated with the physical findings of 
swelling, erythema, and induration or a 
fluctuant condition. A mass, draining 
sinus, or purulent nipple discharge were 
more often noted with chronic or recurrent 
abscess. Duration of symptoms varied 
from one day to nine years. 

Operative treatment, bacteriologic re- 
ports, pathologic evaluation of biopsy ma- 
terial, and available follow-up information 
were recorded. 
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51-60 
AGE DISTRIBUTION 


Age distribution of 50 patients with nonlactating breast abscess. 


Results 


Peripaere! Abscess.—Twelve pa- 
tients were admitted te the hospital 
with ar abscess in the periphery of 
the breast. Al’ were females with an 
age range cf 17 to 67 years (mean 
age, 374 wears). The right breast was 
affectec in fve patients and the left 
breast n seven. Duration of symp- 
tems variel from one day to four 
weeks. A history was elicited of re- 
cent trauma in three patients, of ac- 
tive fadal sere in two, of known epi- 
dermal cyst at the abscess site in one, 
and of dresipus paraffin injections in 
the affe:tec oreast in ore. Insulin-de- 


penden- dizbetes mellitus and ste- ` 


roid-trestec rheumateid arthritis 
were assocated illnesses in each of 
two paiemts, respectively. 
Treatmem: consisted of incision 
and drainaze or excision (Table 1). 
Culture; for bacteria were obtained 
in 11 patients and were reported as 
having ne crowth in six, coagulase- 
positive Siankylococcus in three, co- 
agulas]negative Stapaylococcus in 
one, amd Froteus in ore. Pathologic 
examirtier revealed acute and 
chronic inflemmation predominantly. 
Other sistclgic abnormalities noted 
were 2picermal cyst intraductal 
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papilloma, and cystic duct dilatation 
with apocrine metaplasia in each of 
three specimens. 

Three patients required further 
treatment. The diabetic returned one 
month postoperatively with a recur- 
rent abscess at the same site. We 
attributed recurrence to inadequate 
initial drainage. The patient with 
known paraffin injections subse- 
quently developed cellulitis in the 


same breast, but drainage was not 


required. A 51-year-old woman was 
examined three months postopera- 
tively. Complete resolution of inflam- 
mation and healing of incisions had 
occurred, but a mass was palpated ad- 
jacent to the scar. Biopsy of the mass 
revealed invasive ductal carcinoma. 
Radical mastectomy was performed 
and three of 15 axillary lymph nodes 
were involved with tumor on patho- 
logical examination. She remains well 


without evidence of recurrence or me- 


tastases one year following addi- 
tional radiation therapy. 

Subareolar Abscess.—Thirty-eight 
patients (36 females, two males) were 
admitted to the hospital with an ab- 
scess underlying or immediately adja- 
cent to the areola of the breast. Their 
ages ranged from 14 to 72 years 
(mean age, 33.8 years). The right 





breast was affected in 22 patients and 
the left in 16. A history of bilateral 
breast abscesses was obtained in 
three cases (8%). There were no ap- 
parent etiologic factors recorded. All 
were treated initially either by inci- 
sion and drainage (27 patients) or by 
excision of the lesion (11 patients). 

Cultures for bacteria were obtained 
on 22 occasions and revealed no 
growth in six, coagulase-positive 
Staphylococcus in eight, and coag- 
ulase-negative Staphylococcus in 
eight. Anaerobic cultures were not 
obtained. 

Pathologic evaluation of biopsy ma- 
terial from 25 patients was recorded. 
In addition to the findings of acute 
and chronic inflammation, sinus 
tracts were noted in two specimens 
and ductal abnormalities in 13. These 
abnormalities consisted of duct ec- 
tasia (six patients) and dilated ducts 
filled with inflammatory exudate 
(seven patients). Dilated ducts were 
lined with squamous epithelium in 
two specimens and with stratified col- 
umnar epithelium in one. 

Recurrent abscesses were docu- 
mented in 15 patients (39.5%). These 
occurred following incision and drain- 
age in 11 patients and following exci- 
sion in four (Table 1). The interval 
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Table 1.—Results of Operative Treatment 


Treatment No. 
Peripheral 1&D* with or 
abscess without biopsy 
Excision 
Total 


1&D with or 
without biopsy 


Subareolar 
abscess 


Excision 


* 1&D signifies incision and drainage. 


between initial treatment and recur- 
rence of abscess varied from five 
months to five years. Three patients 
were treated eventually with simple 
mastectomy—a male and two females 
following multiple and varied, limited 
operative procedures. 


Comment 


Abscess in the nonlactating breast 
occurs predominantly in premeno- 
pausal women. Seventy-four percent 
of our patients (87) were under the 
age of 40 years. This age distribution, 
generally, is in agreement with those 
previously reported.* °°" 

The role of bacteria in the patho- 
genesis of these abscesses remains 
obscure. Staphylococcus is the most 
frequently isolated microorganism 
reported.'* Proteus, Streptococcus, 
Bacteroides, and other anaerobic or- 
ganisms have also been isolated.'* In 
our series, 20 of 33 cultures revealed 
Staphylococcus and one revealed 
Proteus (Table 2). Until the contri- 
bution of bacterial invasion to the 
genesis of nonpuerperal breast ab- 
scess becomes established, antibiotic 
therapy alone will not constitute a 
decisive factor in treatment. 

There is a significant difference in 
response to comparable operative 
treatment, depending on the location 
of the abscess (x? = 5.9, P<.025). Pe- 
ripheral abscesses in the breast devel- 
oped and responded to treatment 
much as localized suppuration else- 
where in the body. Etiologic factors 
were observed frequently and in- 
cluded trauma, concomitant cutane- 
ous infection elsewhere, chronic ill- 
ness known to predispose to infection, 
foreign body injection, and epidermal 
cyst. Incision and drainage or exci- 
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No. With 
Recurrent Abscess Percentage 
1 12.5 
(0) 0.0 
1 8.0 





sion resulted in satisfactory ane ap- 
parently lasting resolution of infam- 
mation in the majority of cases. The 
single recurrence could be attributed 
to inadequate drainage. 

The importance of biopsy of skin 
and breast tissue while draiming 
these abscesses should be emphasized. 
Abscess and carcinoma may coexist 
as was demonstrated in our case. We 
do not feel that this patient had in- 
flammatory carcinoma, since skin 
biopsy did not reveal subdermal 
lymphatic tumor, and her clinical 
course has not been consistent with 
that diagnosis. 

Subareolar abscess represents a 
challenging clinical entity. There is 
ample commentary in the literature 
on the high incidence of persistence, 
recurrence, and bilaterality.™*° Our 
recurrence rate of 39.5% is lower zhan 
that previously reported and may be 
explained by the lack of satisfactory 
long-term observation. However, this 
figure confirms the inadequacy of the 
current forms of operative treatment 
for subareolar abscesses at this hos- 
pital and led us to seek a more com- 
prehensive understanding of the 
condition. The documented interval 
between initial treatment and recur- 
rence suggested to us an underlying 
structural abnormality, which re- 
mained following local operative pro- 
cedures and which led to reactivation 
of inflammation. 

The frequent association of nipple 
inversion with subareolar inflamma- 
tion led others to conclude that there 
was a causa. relationship.”’ However, 
it is more likely that nipple inversion 
results from thickening and shorten- 
ing of ducts due to chronic inflamma- 
tion. Our data support this latter 


Staphylococcus 
(coagulase +) 
Staphylococcus 
(coagulase —) 
Proteus 


Total 





* Anaerobic cultures not obtained. 


conclusion in that two (9%) of pa- 
tients with their first abscess had 
nipple inversion on the affected 
breast while three (19%) of patients 
with recurrent abscess had nipple 
inversion. The low incidence of as- 
sociation appears to exclude nipple 
inversion as an important primary 
etiologic factor. 

Several authors implicated specific 
histologic abnormalities of the sub- 
areolar ducts in the pathogenesis of 
abscess. Sandison and Walker felt 
that mammary duct ectasia caused 
inflammation.**> However, Tedeschi et 
al found duct ectasia in breast 
biopsies from women over a wide age 
range." Habif et al and Kleinfeld 
noted stratified squamous epithelium 
lining ducts for an abnormal distance 
into the subareolar region of the 
breast in recurrent abscess, and con- 
cluded that this abnormal metaplasia 
represented the key to the natural 
history of the condition.** Abramson 
suggested that duct ectasia and 
squamous metaplasia were manifes- 
tations of the same disease process." 

In our series, mammary duct ec- 
tasia was noted in six (24%) of biopsy 
specimens, while squamous epithe- 
lium lining subareolar ducts was seen 
in two (4%). Duct ectasia may be a 
normal variant in the breasts of 
many women over a wide age range 
and may manifest itself clinically 
only in elderly women as reported by 
Haagensen.’ In order to explain its 
increased frequency associated with 
subareolar abscess, particularly in 
young women, duct ectasia may rep- 
resent an involutional response to ob- 
struction of more proximal ducts. 
There are no available data to con- 
firm or to refute this hypothesis. The 
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inability t» demonstrate squamous 
metaplasia in eur biopsy material 
mest likely nesuted from failure to 
examine atieqgeace numbers of sub- 
areolar cucts ir bngitudinal sections. 
The most strixmg abnormalities were 
dilated ducts containing cellular 
debris and inflammatory exudate. It 
may not be preccical to attribute the 
genesis ef swhareolar inflammation to 
a single histe-ogre abnormality. How- 
ever, evidence suzgests strongly that 
the process results from obstruction 
of subareelar cucts with an in- 
flammatery respense to retained se- 
cretions and ee lular debris. 

The approack o the treatment of 
subareolar abseess should include a 
consideratien o7 ts stage of develop- 
ment. There is | t-le alternative to the 
incision and d-ainage of an acute 
fluetuant abscess. Recurrence may be 
anticipated. Additional excision of 
subareolar ‘issve at this time seems 
ill advised since the ability to define 
Specific structures is obscured by the 
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inflammatory process. In the presence 
of established fistula or sinus, exci- 
sion of the tract with the indurated 
base of the sinus is an acceptable pro- 
cedure.'* However, Kilgore and Flem- 
ing documented frequent recurrence 
of abscess following local excisions re- 
gardless of whether the contiguous 
ducts were removed.: Urban and 
Hadfield described their experience 
with total excision of major subareo- 
lar ducts for the treatment of various 
ductal abnormalities.*'? They per- 
formed this operation for recurrent 
subareolar abscess with uniform suc- 
cess and dispelled the fear of compli- 
cations arising during subsequent 
pregnancy. 

If we hope to diminish the inci- 
dence of recurrence in subareolar ab- 
scess by operative means, it is neces- 
sary to consider seriously the more 
frequent use of total duct excision. 
The operation has the advantage of 
preserving the appearance of the 
breast while eliminating the most 
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Conclusion 


Abscess in the nonlactating breast 
occurs predominantly in young 
women. Peripheral abscesses are re- 
lated frequently to specific etiologic 
factors. Incision and drainage or exci- 
sion results in satisfactory resolution 
of inflammation. Biopsy of skin and 
breast tissue and careful follow-up 
evaluation are important in excluding 
the possibility of coexisting carci- 
noma. Subareolar abscesses recurred 
in 15 (39.5%) of patients treated by 
incision and drainage or excision. 
Three required simple mastectomy 
for control of persistent and recur- 
ring inflammation. Adequate oper- 
ative treatment requires consid- 
eration of total excision of subareolar 
ducts. 
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menopausal patients 





but what about 
checking for 
endometrial cancer? 
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The survival rate for endometrial carcinoma can be improved 
significantly when this disease is detected early and treated 
promptly. Therefore, before placing patients on a course of 
estrogen therapy it may be appropriate, in the absence of stenosis, 
pregnancy, and clotting deficiencies, to evaluate the 
endometrium. Patients who are taking estrogen, and who will 
continue its use, may also benefit from a periodic assessment for 
~ endometrial changes. 
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A convenient screening procedure 
‘The Gravlee Jet Washer is suitable for assessing endometrial 
_ changes in the menopausal patient, either prior to or during 
- estrogen therapy. Used as part of the routine pelvic examination 
of asymptomatic women over 45, it may well serve both 
physician and patient as usefully as the Papanicolaou test for 
cervical cancer. 


The Gravlee Jet Washer employs the principle of negative j 
pressure to wash out and collect specimens of endometrial cells a 
and tissue fragments. This unit is sterile, disposable, and ad 
easily fits into an office procedure. a 


_\ \The Gravlee Jet Washer 


> office procedure for early detection 
~“ of endom ietrial am am patients on estrogen” 
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Editorial Comment 


AMA Archives Symposium on Biomechanics 


of the Musculoskeletal System 
Donald B. Kettelkamp, MD, Little Rock, Ark 


ost physicians’ first exposure 
to the musculoskeletal system 
is in the anatomy laboratory. Bones, 
muscles, origins and insertions, and 
nerve and blood supply are labori- 
ously memorized and quickly forgot- 
ten. The biology of muscle function 
learned in physiology also becomes 
indistinct. The musculoskeletal sys- 
tem is a biological unit whose func- 
tion is mechanical. Early application 
of the concept of the mechanical func- 
tion of a biologic unit was perhaps 
best exemplified in the treatment of 
the sequelae of poliomyelitis. An 
unopposed muscle force produced 
functional or static deformity, and 
treatment often consisted of balanc- 
ing these forces. 
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The study of the biomechanics of 
the musculoskeletal system received 
great impetus immediately after 
World War II in attempting to solve 
the problems of prosthetic substitu- 
tion from amputated extremities. 
From these beginnings the interest 
and application of biomechanical 
studies to other clinical problems has 
rapidly expanded. The increased in- 
terest in biomechanics has been evi- 
denced by the institution three years 
ago of separate sessions on this sub- 
ject at the Orthopaedic Research Soci- 
ety annual meetings. 

The Introduction to this symposium 
emphasizes the concept of thinking of 
the musculoskeletal system in terms 
of motion and force. The other five 
papers apply this concept to the spe- 
cial problems of the knee, hip, spine, 
shoulder, and hand to provide an un- 
derstanding of joint disease and 
trauma, joint replacement and other 
treatment. 
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Biomechanics Swmposium 
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Biomechanics of the 
Musculoskeletal System 


Introduction 
Victor H. Franwel, MD, Cleveland 


and moter and the inter- 
relationship between them. Our activ- 
ities of daily ‘w-ag depend on our 
ability to move These movements in 
turn depend = sur capabilities of 
producing muse forces that can 
move the bones areund the joints. The 
muscle forces, gravitational forces, 
and ligamentets forces in our body 
have both interac! and external ef- 
fects. The externe! effect is to cause 
an acceleratior m the body. The in- 
ternal effect is to develop a state of 
strain, that is te caange the shape of 
the body. 

Every time a step is taken, the hip 
abductors are meded to decelerate 
the trunk from a lateral movement. 
This is the extemal effect of the ab- 
ductors. The ir-=rmal effect of the ab- 
ductors is to procuae a state of strain 
in the head of -æ femur. 

In applying bian echanical thinking 
to orthopedic sumzary, ene must con- 
stantly keep = mind this inter- 
relationship beween force and mo- 
tion. The seience of biomechanics 
provides exact ways of measuring the 
forces and motaoa, and allows one to 
determine the 4ff=cts of forces on the 
tissues.** 

In order te caderstand structures 
as complicated <= tose of the muscu- 
loskeletal system. it is first necessary 
to determine -tze properties of the 
materia! constituemts of each of the 
components tha- are pertinent to the 
functions of the erganism. In consid- 
ering material moJerties, the classi- 
cal approaches of engineering me- 
chanics can be tï ized in formulating 


yaaa E a study of force 
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elastic relationships. Once these ma- 
terial properties have been estab- 
lished, it is then possible to proceed to 
determine the substructure elastic 
properties. Substructures are chosen 
as convenient anatomical entities, 
such as a tibia, a vertebral segment, 
or an individual muscle tendon com- 
plex. Guidelines for choosing sub- 
structures are based on function 
rather than anatomical division. 
Since one of the functions of the mus- 
culoskeletal system is the production 
of motion, it is vital in understanding 
such a system to analyze the kinemat- 
ics of motion. Such analysis may be 
conveniently formulated by consid- 
ering several adjacent substructures, 
such as the knee joint, or a segment 
of the vertebral column, and analyz- 
ing the passive kinematic properties 
that they exhibit. In addition, it is 
necessary to analyze the elastically 
restrained kinematic mechanisms 
such as the vertebral body-disk struc- 
ture. 

After an understanding of kine- 
matic function of the musculoskeletal 
system has been achieved, it is neces- 
sary to understand the functional 
loading that the structure must sus- 
tain. Some of these loads are induced 
by the motion which the structure un- 
dergoes. Such loads may be included 
by the external environment, as is 
seen in trauma, or they may be the 
result of elastic deformations of in- 
ternal structures. In addition to 
these, the body produces its own load- 
ing, through its system of muscles, on 
the substructure members in order to 
produce the desired motion. The ef- 
fect of these internal loads is directly 
observable in terms of maintaining 
equilibrium or acceleration of body 
segments. 


When more complex substructures 


are approached, such as the spine or 


the skull, the problem of determining 
the appropriate loading configuration 
becomes predominant. The study of 
impact injuries on skulls requires a 
precise control on loading area, load- 
ing intensity, rate of load application, 
and the technique of constraint of the 
skull. Spinal loading requires a 
knowledge of the distribution of load 
induced by both gravity and muscle 
force and the coupled kinematic con- 
straints imposed by the ribs. In such 
complex structures, it is first neces- 
sary to perform a functional kinema- 
tic analysis to determine the nature 
of the physiologic loading conditions 
and the time constants associated 
with the loads. Physiological loading 
rates may thus be determined. These 
parameters can then be considered in 


the experimental test configuration 


so that the results of the in vitro ex- 
periments may be applicable to in 
vivo behavior. 

Many classical concepts of load con- 
figuration have proved to be in error 
when the proper analysis has been 
performed on the biological structure. 
The analogy to a Fairbanks crane has 
been used to describe the structural 
configuration of the head and neck of 
the femur. A stress distribution based 
on the Fairbanks crane produces high 
tensile stress distribution in the supe- 
rior cortex of the neck of the femur, 
which does not occur in the in vivo sit- 
uation. When the upper end of the fe- 
mur as a substructure is studied with 
the proper load distribution, it was 
found that the superior cortex of the 
femoral neck bears very little stress, 
which is not strange, as there is very 
little cortical bone present there. Uti- 
lization of in vivo load directions has 
allowed for the production of clini- 
cally similar fractures of the neck of 
the femur, and has shed light on our 
knowledge of how fractures of the up- 
per end of the femur occur in the 
elderly. 
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Biomechanics Symposium 


Clinical Implications 


of Knee Biomechanics 


Donald B. Kettelkamp, MD, Little Rock, Ark 


Motion and forces at the knee have clinical 
implications in reconstructive surgery. The 
discussion of these implications is based on 
the following biomechanical information. 
Normal knee motion during simple activities 
of daily living utilizes up to 110° of flexion- 
extension and 15° of abduction-adduction 
and rotation. The instant centers of motion 
and surface velocities become abnormal with 
intra-articular derangement. The average 
area of articular surface contact between the 
tibia and femur on the medial plateau is 1.6 
times larger than the lateral. Under static 
conditions, the compression force per unit 
area is increased by deformity. The forces 
acting through the knee during walking ap- 
proximate three times body weight. Rheu- 
matoid and degenerative arthritis are associ- 
ated with decreased stance phase flexion- 
extension. 


otion and forces at the knee 

have clinical implications in re- 
construction of the arthritic knee. 
This article will discuss the related 
biomechanics of the knee. Other fac- 
ets of knee biomechanics include ana- 
tomical features, ° the mechanical 
and biological characteristics of carti- 
lage,'’" liagments,’ and joint lubri- 
cation. Frankel recently reviewed 
much of this material.’ Though tissue 
characteristics are important, they 
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are perhaps less closely related to the 
immediate goals of reconstruction, 
which are to provide motion in the 
knee capable of withstanding the 
forces applied to that articulation. 

The knee bears weight and func- 
tions during walking to decrease the 
energy requirements by smoothing 
the path of the center of gravity of 
the bocy.'’ Disease and injury alter 
the knee’s ability to perform these 
functions. Treatment of disease and 
injury attempts to restore a normal 
pattern of function. Consequently the 
surgeon should know the motion re- 
quired. for daily activities, the ana- 
tomica! pecularities of the knee which 
bear on reconstruction, and the char- 
acteristics of the disease entities 
which alter mechanics. 

Knee motion has been measured 
with photometric techniques using 
skeletal pins'® or skin markers’® and 
with an electrogoniometer.” The re- 
sults of these methods were compa- 
rable. 

The electrogoniometer measured 
knee flexion-extension, abduction-ad- 
duction, and rotation. The relation of 
the foot to the ground was simultane- 
ously recorded with foot switches. 
The advantage of the electrogo- 
niomezer is ease of application (Fig 
1), particularly in abnormal subjects, 
and immediate visualization of the 
knee pattern. Johnston and Smidt re- 


ported the characteristics of the in- 
strumentation.” 

We used an electrogoniometer to 
determine normal knee motion dur- 
ing walking, stair climbing, sitting, 
and lifting, and during walking in pa- 
tients with rheumatoid arthritis. The 
data presented represent mean val- 
ues from 40 steps for walking and 
from four repetitions for the other ac- 
tivities of daily living. 

During walking, the knee, the tibia 
in relation to the femur, moves in 
three planes. An electrogoniometric 
tracing illustrates the pattern and 
timing of motion (Fig 2). In the sagit- 
tal plane (flexion-extension), max- 
imum extension occurs approximately 
at heel-strike and is followed by flex- 
ion early in stance phase. Extension 
again occurs toward the later part of 
the stance phase until just after heel- 
off. Flexion follows through toe-off 
and continues to maximum flexion 
during swing phase. In the coronal 
plane (abduction-adduction), max- 
imum abduction occurs at about heel- 
strike. The tibia adducts relative to 
the femur during stancé phase, with 
abduction occurring concomitantly 
with extension, and adduction with 
flexion. In the transverse plane, ex- 
ternal rotation occurs with extension 
and internal rotation with flexion. 
Maximum external rotation occurs 
about heel-strike. The mean values 
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Fig 1.—Antemor (lef) and lateral (right) views of electrogoniometer attached to a subject. 
There is a potemt:ometer for each plane of motion. Goniometer’s flexion-extension axis is 
placed at intersection of lines from the joint surface to lateral epicondyle and from front to 
the back of the ites condyle. Distal arm of goniometer is parallel to tibia in both views. 
(From Kettelkemp DE. et al?) 


Fig 3 —Two po nts ee marked on a line which bisects femur in this lateral view. One point 
‘lies on subchondral pte of medial femoral condyle. Consecutive roentgenograms taken at 
intervals of 10 `o 2C of flexion are similarly marked. (From Frankel VH, et al*) 
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0° 
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0° 
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Fig 2.—Electrogoniometric tracing of nor- 
mal knee during walking. Maximum exten- 
sion occurs about heel-strike (HS) and is fol- 
lowed by flexion to foot flat (FF) early in 
stance phase (HS to TO). Extension again 
occurs toward the later part of stance phase 
until just after heel-off (HO). Usually exter- 
nal rotation and abduction occur with exten- 
sion, and internal rotation and adduction 
with flexion. 


Fig 4.—The instant center is at inter- 
section of two perpendicular lines from mid- 
point of lines connecting similar points. 
(From Frankel VH, et al) 
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Table 1.—Normal Knee Motion 


Mean, Degrees Range, Degrees 
Walking 
Swing, flexion-extension 67 54-79 
Stance, flexion-extension 21 8-29 
Abduction 3 0-10 
Adduction 8 0-14 
Internal rotation 7 2-15 
External rotation 6 1-13 
Stairs 
Flexion-extension 83 60-98 
Abduction-adduction 17 
Rotation 16 


Table 2.—Tibiofemoral Contact Area 


Medial, sq cm 


Flexion, 
Degrees Mean Range Mean Range 
0 4.7 2.5-6.7 3.0 1.7-£.1 
10 3.9 2.4-5.2 2.5 1.6-4.4 


2.3-5.0 





93 69-110 


Lateral, sq cm 


2.3 1.7-2.6 





Fig 5.—In normal knee, all surface velocities are tangent to contact surface. (From 


Frankel VH, et al”) 


for 44 knees in 22 normal subjects 
were 67° for flexion-extension during 
swing phase, 21° for stance phase, 3 
degrees for abduction, 8 degrees for 
adduction, 7 degrees for internal ro- 
tation, and 6 degrees for external ro- 
tation (Table 1). The maximum flex- 
ion used by an individual during 
swing phase was 79°. These findings 
imply that if a patient is to walk in a 
normal manner he should have at 
least 70° to 80° of available flexion, 
and 15° of rotation. 
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Laubenthal et al determired the 
motion used by normal subjects for 
walking up and down stairs, sitting 
and rising from a chair, and lifting a 
small object from the floor.” An aver- 
age of 88° of flexion was used in 
walking up and down stairs (‘Table 1). 
Maximum flexion occurred when the 
test knee was trailing, going down 
stairs. The range of abduction-adduc- 
tion and rotation were approx mately 
the same as for walking. 

Normal subjects used an average of 


71° of knee flexion when picking a 
small object from the floor. When 
they were instructed to bend their 
knees when lifting the object, a mean 
value of 117° of flexion was obtained. 
More abduction-adduction and more 
rotation were used with squatting. 

The amount of knee motion used 
for daily activities indicates the need 
for up to 110° of flexion-extension if 
squatting to pick up an object is elim- 
inated. This exceeds the common goal 
of restoring 90° of flexion after syno- 
vectomy and other reconstructive 
procedures. The desirable motion af- 
ter reconstruction probably exceeds 
the maximum 110° used by normal 
subjects. The desirability of motion in 
excess of that actually required for a 
given activity, particularly in an ab- 
normal knee, is suggested by the 
finding that in the rheumatoid knee 
only 25% of the available motion was 
used in walking, compared to 46% in 
normal subjects.” 

Triplanar motion has complicated 
the study of the relationships be- 
tween the articular surfaces of the 
knee. Frankel and Burstein have ap- 
plied the method of Rouleaux to de- 
termine instant centers, the axis of 
rotation for small changes in tibio- 
femoral angle,” and have applied this 
technique for discerning intra-articu- 
lar abnormality.” The instant centers 
are found by marking the same two 
points on the femur of each of a set of 
lateral roentgenograms as the knee is 
flexed in 10° to 20° increments (Fig 
3). Two consecutive films are super- 
imposed and similar points are con- 
nected by a straight line. A perpen- 
dicular line is drawn from the center 
of the two lines which connect similar 
points, and the instant center is the 
point at which the perpendicular lines 
intersect (Fig 4). In a normal knee, 
the velocity of the point of contact is 
perpendicular to a line between the 
instant center and the point of con- 
tact, and is tangent to the contact 
surface (Fig 5). Frankel et al have il- 
lustrated the use of this technique to 
demonstrate abnormal velocities as- 
sociated with internal derangement.” 
These authors also noted the return 
of the instant center to a normal posi- 
tion with the adaptive articular sur- 
face changes in advanced degenera- 
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tive arthritis. Tnes= findings suggest 
that reconstructive-procedures should 
either restore tae tormal position of 
the instant ceater er permi: its resto- 
ration by tae edapt-ve respense of the 
local tissue. 

In kinematics, he study of the 
relative motier tkat can exist be- 
tween rigid bocies tibiofemoral con- 
tact is considered te occur at a point.” 
This is a usefal @xrcept for mechani- 
cal analysis. Sratcanically, this point 
represents an arze The area of the 
articular surfaces in contaet assumes 
importance hecaas of force trans- 
mission aeros the joint. Maximum 
articular surface centact area occurs 
in extension an] decreases on both ti- 
bial plateaus daring the frst 25° of 
flexion (Table 2}* In 14 specimens, 
the media! pteat contact area was 
always larger kaa the lateral. The 
ratios of medal area/laceral area 
varied from | 1t» 2.1, witha mean of 
1.6. This relat onship was virtually 
constant throwgh 25° cof flexion. 
Though the area of contact on the 
tibia shifts pesterorly with flexion, 
the total ares ef tbial articular sur- 
face in econmtec: with the femur 
throughout = ranse of flexion was 
much smaller thar on the femur. As 
determined radicg-aphical y, the con- 
tact area was much larger with the 
menisci in place. These findings sug- 
gest that the roentgenographic 
changes seen afer meniscectomy 
may be secender- to an increased 
load on the comtaet area. If the me- 
niscus was lamg2 ard hence the articu- 
lar contaet ares small, and if the 
meniscus transmiss force, then me- 
niscectomy oud result in over- 
loading a small cərtact area with sub- 
sequent degenerative change. The 
small total tib al area in contact as 
the knee flexss also may account for 
greater bene atitrtion of the tibial 
plateau than o? the femoral condyle. 
The small lacerel plateau area cau- 
tions aga@ins= ev=rcorrection of a 
varus deformi:y >y osteotomy be- 
cause of the poveatial for increased 
loading. 

The forees -ramsnitted by the knee 
are the subject ef continued investi- 
gation. Stati= forces can be deter- 
mined by free »cly analysis.” The 
force on the t biæ articular surface 
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increases rapidly under static condi- 
tions with angular deformity. Perry 
calculated the joint force for varying 
degrees of knee flexion and showed 
marked increase in joint force with 
greater than 20° of flexion.” While 
not stated, these values appear to be 
based on one leg stance. Varus and 
valgus deformity also produce rapidly 
increasing loads on one tibial plateau 
under static conditions.” Calculations 
based on standing on both legs indi- 
cate that the force on the medial 
plateau in a varus knee may exceed 
body weight, compared to less than 
half body weight distributed over 
both plateaus in a normal knee. With 
varus deformity, the increased force 
on the medial plateau occurs because 
the mechanical axis of the knee shifts 
to the medial side with decreased or 
absent force on the lateral plateau 
and increased tension in the lateral 
collateral structures. These studies in- 
dicate the potentially detrimental ef- 
fect of static deformity. Morrison has 
determined the forces acting through 
normal knees during level walking, 
walking on a ramp and on stairs, and 
presented the force pattern during 
walking.” He found the maximum 
(peak) mean values for level walking 
to be 3.02 times body weight. For go- 
ing up a ramp and up stairs, the 
forces exceeded five times body 
weight in some individuals. Thus, 
large forces occur at the knee and are 
distributed over a relatively small 
area. The normal force pattern indi- 
cated peak forces just after heel- 
strike and before toe-off. Less force 
occurred during midstance. This coin- 
cides with a falling center of gravity, 
knee flexion, and a smaller tibial ar- 
ticular contact area. The effect of stat- 
ic deformity on the joint forces dur- 
ing activity are at present unknown. 

Clinically, joint abnormality alters 
articular surfaces, joint motion, and 
results in deformity. Frankel et al 
have demonstrated altered instant 
centers and surface velocities associ- 
ated with internal derangement of 
the knee.” Decreased knee motion 
during walking occurred in rheuma- 
toid and degenerative arthritis.” 
Flexion-extension decreased in both 
phases of gait in rheumatoid arthritis 
to the point of virtually no motion in 


some patients. Probably the most sig- 
nificant change was the early de- 
crease and loss of stance phase 
flexion-extension. Decreased stance 
flexion-extension was related to pain 
and articular surface abnormalities. 
Rheumatoid arthritis resulted in only 
slight decreases in rotation and ab- 
duction-adduction. The floor reaction 
patterns, that is the pattern of force 
applied to the floor by the foot, 
showed loss of the peaks of loading 
just after heel-strike and before toe- 
off in severely affected knees. The 
rate of loading and release also 
tended to be slower than normal. 
These changes are probably com- 
pensatory and tend to decrease the 


‘total force at the knee during walk- 


ing. 
Comment 


Our knowledge of the mechanics of 
the knee is incomplete, particularly in 
reference to abnormal knees, the ef- 
fect of reconstructive procedures and 
forces. In spite of these deficiencies, 
current information does suggest 
possible modes of progression of ar- 
thritic change and guides to treat- 
ment. 

Frankel has suggested the change 
of instant centers in internal de- 
rangement may lead to further joint 
damage because of impingement of 
the articular surfaces. Such a mecha- 
nism might also occur during some 
strenuous activity or transient epi- 
sodes of minor trauma. Primary ab- 
normalities of articular cartilage and 
diseases such as rheumatoid arthritis 
might also lead to altered instant cen- 
ters. 

Deformities such as flexion contrac- 
ture and varus or valgus apparently 
lead to increased compression on less 
than physiologic articular areas. De- 
creased range of flexion-extension 
during stance phase also has the po- 
tential of increasing the compression 
per unit of area. Excessive compres- 
sion on a limited area over a pro- 
tracted period of time could lead to 
loss of articular cartilage and bone 
attrition. 

Altered instant centers, deformity, 
and decreased motion probably work 
in concert to produce abnormal 
biomechanics and joint deterioration. 
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In reconstruction of an arthritic 
knee, one of the goals is to restore the 
patient’s ability to carry out simple 
daily activities. With individual vari- 
ation, Laubenthal’s findings suggest 
the desirability of regaining at least 
110° of flexion-extension and 15° each 
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of rotation and abduction-adduction. 

This exceeds the commonly consid- 

ered goal of 90° flexion-extension. 
Finally, the relationship between 


pain and decreased flexion-extension ` 


during stance phase provides func- 
tional as well as humanitarian rea- 
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Mechanical Considerations 
of the Hip Joint 


Richard C. Josten. MD, Des Moines, Iowa 


Far walking, -he narmal hip uses an aver- 
age of 15° extensicn, 37° flexion, 7° abduc- 
tion. 5° adducttoa, 4 internal rotation, and 
9° external roton. The forces at the hip 
approximate 3.3 times body weight for walk- 
ing. This force is #esendent on muscle ac- 
tion body weight ene the moment arms for 
each. Both opeaive and nonoperative treat- 
ment of hip disease zan alter the length of 
the respective mament arms, thereby de- 
creasing the mascl« force required for stabil- 
ity and, hence deereasing the force on the 
hip. Some of tBis imfermation can be applied 
to seconstructive peocedures and to the 
treatment of fsacteres. 


Er funcier >f the human hip 
joint is to permit comfortable, 
controlled n=tiem between the thigh 
anc the trumk. Ths occurs in a rhyth- 
mic manner curing normal walking 
anc is necessary as we move our 
bocies efficiertty from one place to 
another. Thiscontrolled motion is also 
important wher we walk over uneven 
surfaces or up anc down stairs. It per- 
mits us te gæeatiy change the shape of 
our body to fit irto chairs and auto- 
mobiles, to reack the ground, or to 
reach our fees. We take all of these 
things for granted until the hip joint 
ceases to fuactir, and then the indi- 
vicual netices warying degrees of 
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trouble from minor nuisances to com- 
plete disability. 

Since the hip joint has no other 
function than a mechanical one, un- 
derstanding the mechanical aspects 
of the joint is imperative if one is to 
deal with dysfunction of the joint and 
rationally attempt to improve func- 
tion. 

Controlled motion of normal hip- 
joint function involves several fac- 
tors. Motion is permitted by the con- 
figuration of the articulating bones 
and the flexibility of the surrounding 


- soft tissue. This motion is controlled 


by the muscles that cross the joint. 
This control requires muscles of ade- 
quate strength, properly orientated 
with respect to the joint, with proper 
neurological control. As these muscles 
contract, a large amount of force is 
generated, which is applied to both 
the pelvis and the femur and their ar- 
ticulating joint surfaces. The bones 
and joint surfaces must be capable of 
tolerating these forces repetitively. 
Dysfunction of the hip joint is most 
commonly related to the inability of 
the bone to transmit these forces as 
in fractures or the failure of the joint 
surfaces to tolerate the forces as in 
arthritis. Less commonly, the primary 
problem is a failure of the muscles to 
function properly as in neuromuscu- 
lar diseases such as polio, muscular 
dystrophy, or cerebral palsy. Loss of 
flexibility of the periarticular soft tis- 


sue is usually secondary to one of the 
above problems. 

The purpose of this report is to re- 
view the present, basic knowledge of 
normal and abnormal hip-joint func- 
tion in the areas of flexibility, muscle 
control, and the forces applied to the 
bones and joint surfaces and then to 
point out out a few examples of clini- 
cal application. 


Anatomy 


The hip joint is a ball and socket 
joint formed by the articulation of 
the head of the femur with the ace- 
tabulum. The acetabulum is a little 
less than half a sphere and faces lat- 
erally and somewhat anteriorly. The 
articular surface is horseshoe-shaped 
and covered with hyaline cartilage 
that is thickest peripherally. The 
socket is deepened by a peripheral fi- 
brocartilaginous labrum. The femoral 
head forms approximately two thirds 
of a sphere. It is covered with hyaline 
cartilage that is thinnest toward the 
periphery. Except when considering 
joint lubrication or the details of 
transmission of force from one sur- 
face to the other, the femoral head 
may be considered perfectly spheri- 
eal and the acetabulum a matching 
socket. In the adult, the femoral neck 
normally forms an angle with the 
femoral shaft of about 125° in the 
frontal plane and is angled forward 
approximately 15°. 
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The muscles that cross the joint can 
be conveniently grouped into seven 
major groups: (1) the abductors 
(gluteus medius, gluteus minimus, 
tensor fasciae latae); (2) the adduc- 
tors (adductor magnus, adductor 
longus, adductor brevis, gracilis, and 
pectineus); (8) the short extensors 
(gluteus maximus); (4) the long ex- 
tensors (long head of biceps, semi- 
tendinosus, and semimembranosus); 
(5) short flexors (iliopsoas); (6) long 
flexors (rectus femoris, sartorius, and 
tensor fasciae latae); and (7) the short 
external rotators. 

Rather thick, strong ligaments 
comprise the hip-joint capsule and ex- 
tend from the periphery of the ace- 
tabulum to the intertrochanteric line 
and crest of the femur. They are 
stronger anteriorly and weaker pos- 
teriorly and practically unattached to 
the femur posteriorly. These liga- 
ments are so arranged that they wind 
up and tighten as the joint is ex- 
tended and unwind as the joint is 
flexed. 


20° 


Flex 


NORMAL 


Fig 1.—A typical normal pattern of hip-joint mo- 
tion in three planes. (From Johnston and Smidt’) 
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Mobility 

Motion in the hip joint varies from 
individual to individual with body 
build and abdominal size. Stocky 
people have less motion than slender 
people, and a protuberant abdomen 
obviously limits hip flexion. Normal 
passive motion is approximately 140° 
in the sagittal plane, abduction 40°, 
adduction 25°, internal rotation 40°, 
and external rotation 50°. Active mo- 
tion is about 25% to 35% less than pas- 
sive motion in all planes. 

We utilized an electrogoniometer to 
measure hip-joint motion during 
walking in 33 normal men.' The mean 
motions were (zero position was re- 
laxed two-legged stance) extension 
15°, flexion 37°, abduction 7°, adduc- 
tion 5°, internal rotation 4°, and ex- 
ternal rotation 9°. A typical, normal 
pattern of hip-joint motion is shown 
in Fig 1. Every subject had at least 
15° additional motion in all directions 
than he used while walking, which in- 
dicates that the ligaments near the 
hip joint have no function in provid- 


ing stability in the hip during gait. 

We also measured hip-joint motion 
during various activities of daily liv- 
ing such as climbing stairs and tying 
shoes.* These results are shown in the 
Table. 


Stability 


From the mechanical standpoint, 
stability of the hip joint is a problem 
of rotary equilibrium. During support 
on one leg, in either walking or stand- 
ing, the opposite lower extremity, 
trunk, and upper extremities must be 
stabilized on the upper end of the 
weight-bearing femur. The body is 
able to rotate in any direction about 
this weight-bearing femoral head. 
The center of the femoral head is the 
center of rotation. This system will be 
in equilibrium, and no motion will oc- 
cur if all forces are balanced by equal 
forces in the opposite directions. The 
hip joint is clinically stable if fully 
controlled motion or no motion occurs. 
If the force in one direction is not bal- 
anced by equal force in the opposite 


a=b and W=F 
Wa=Fb 


a>b and W<F 
Wa=Fb 


Fig 2.—lllustration of rotary equi- 
librium. (From Johnston and Larson**) 
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* Number = 33. 


Fig 3.—Moments «nd moment arms in 
the frontal plane ofthe hip joint. (From 
JoFnston and Larsan”) 





direetion, the system is not in equilib- 
rium, and rotary motion w ll occur. If 
this motion & umvontrolled, the hip 
joint is unstable. These principles ap- 
ply in all places a-ound the hip joint. 
A force acting r a counterclock- 
wise direction about a center of rota- 
tion can be balanced by anether force 
operating in a csockwise direction 
(Fig 2). The balanaing force does not 
need to be parallel to the original 
force. A moment is the magnitude of 
a given force maliplied by its per- 
pencicular distamce from che center 
of retation and exeressed :n units of 
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| Mean Measures of Maximum Hip Motion for Each Plane* 


Tying shoe Sagittal (flexion-extension) 129 
with foot Coronal (abduction-adduction) 18 
on floor Transverse (rotation) F3: 

Tying shoe Sagittal 115 
with foot Coronal 24 
Poe? wal Transverse 28 


Stooping to Sagittal 
obtain object Coronal 
from fioor Transverse 

Squatting Sagittal 

Coronal 

Transverse 
Climbing:stzirs Sagittal 

Coronal 


Transverse 















100 


50 


TENSION % 





60 80 100 120 
LENGTH °% 

Fig 4.—Length-tension relationship for 
isometric contraction of a muscle fiber. Nor- 
mal resting length of a muscle fiber is 
100%. (From Johnston and Larson"*) 


distance-force such as inch-pound. 
The perpendicular distance is the mo- 
ment arm. If the moment arm of each 
of the two forces is equal, the forces 
must be equal for the moments to be 
equal. If the moment arm of the first 
force is twice as long as the moment 
arm of the second force, the second 
force must be twice the magnitude of 
the first for their products (moments) 
to be equal. 

Body weight and the force gener- 
ated in the abductor muscles are 


‘probably the two most important 


forces. The direction of the line of 






body weight is perpendicular to the 
ground or toward the center of the 
earth. The center of gravity through 
which it acts is close to the midline of 
the body at S-2. The force of the ab- 
ductor muscles may be assumed to act 
along a line from the center of origin 
of the abductor muscles on the ilium 
to the center of insertion on the 
greater trochanter. The moment 
arms then become the perpendicular 
distance from these lines to the cen- 
ter of rotation of the femoral head 
(Fig 3). Therefore, the body-weight 
moment is the superimposed body 
weight (W) multiplied by the perpen- 
dicular distance from the midline of 
the body to the center of rotation of 
the femoral head (a). The abductor- 
muscle moment is the force generated 
in the abductor muscles (F) multi- 
plied by the perpendicular distance 
from their line of force to the center 
of rotation of the femoral head (b). If 
the two moments are equal, the sys- 
tem is in equilibrium, and the hip 
joint is clinically stable. If the body- 
weight moment is greater than the 
abductor-muscle moment, the pelvis 
will rotate, and the system is not in 
equilibrium. The hip joint is then clin- 
ically unstable. This situation can oc- 
cur in one of several ways: (1) de- 
crease in abductor force, (2) decrease 
in abductor moment arm, (3) increase 
in body-weight moment arm, and (4) 
increase in body weight. A change in 
one of these factors will not disturb 
the equilibrium if it is balanced by a 
corresponding change in one or more 
of the other factors. Factors that fa- 
vor hip stability include: (1) decrease 
in body weight, (2) decrease in body- 
weight moment arm, (3) increase in 
abductor moment arm, and (4) in- 
crease in abductor-muscle force. 
Body weight is most difficult to 
change significantly and, therefore, 
may be considered constant. The 
amount of force that can be gener- 
ated in the abductor muscles has cer- 
tain physiological limits. The lower 
the force required in the abductor 
muscles, the lower the total pressure 
across the hip joint. Therefore, the 
smaller the force required in the ab- 
ductor muscles to maintain equilib- 
rium, the better. In order to keep this 
force at a minimum, the body-weight 
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Fig 5.—Force generated by the hip abduc- 
tor muscles during eccentric, isometric, and 
concentric contraction at various positions 
of the hip. (From Olson et al*) 


moment arm must be as short as pos- 
sible and the abductor-muscle mo- 
ment arm as long as possible. 

These basic principles apply to all 
muscles around the hip as well as the 
abductor muscles, and the principles 
apply during the activity as well as 
simply standing on one leg. The loca- 
tion of the muscles and the ori- 
entation of the muscles are deter- 
mined to a large extent by the shape 
of the pelvis and the femur and the 
relationship of one to the other. 
Change in the shape of the proximal 
femur such as varus or valgus defor- 
mity has its main effect by changing 
the muscle moment arms. Subluxa- 
tion of the hip also affects the length 
of the muscle moment arms and the 
body-weight moment arm. 

Moment Arms.—The exact length of 
the moment arms for the various 
muscles in an individual patient is 
presently unknown. These moment- 
arm lengths become important when 
attempting to mathematically ana- 
lyze the forces about the joint, and 
various approximations have been 
made. with the use of x-ray markers 
or strings from origin to insertion. 
Improved approximations are contin- 
ually being sought by investigators in 
this area. From the clinical stand- 
point, the exact length of the moment 
arm is not important, but rather 
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Film Frame No. 


Fig 6.—Summary of electromyographic ac- 
tivity of the muscles around the hip during a 
gait cycle. 


knowledge of whether the moment 
arm should be as long as possible or 
short as possible. 

Muscle Force.—The amount of force 
that the muscles around the hip joint 
can generate is difficult to determine. 
The force is related to the cress-sec- 
tional area of the muscle, its state of 
health, ard its resting length. This re- 
lationship between the length of the 
muscle fiber and the force that it can 
generate is the classic length- 
strength relationship (Fig 4). During 
isometric contraction, there is an 
ideal length of the muscle fiber at 
which maximum tension can be devel- 
oped, usually termed the resting 
length. If the fiber length during iso- 
metric contraction is too short, it can- 
not generate tension. There is no 
general agreement on the amount of 
shortening necessary to reach the 
point of no tension, but it very likely 
varies from muscle to muscle within 
an individual. The maximum shorten- 
ing is probably up to about 60% of the 
resting length. If this figure is ac- 
cepted, then at 75% of the resting 
length, the muscle fiber can generate 
50% of the tension it could have gen- 
erated at 100%. If the muscle fiber is 
being lengthened while contracting, 
it can generate more tension at each 
of the length positions than during 
isometric contraction (Fig 4, upper 


dotted line). If the muscle fiber is 
shortening during contraction, it can 
generate less tension at each of the 
muscle-length positions than during 
isometric contraction (Fig 4, lower 
dotted line). Therefore, a lengthening 
contraction should generate more 
tension than an isometric contraction, 
and an isometric eontraction should 
generate more tension than a short- 
ening contraction. 

We developed a method of fixing 
the pelvis and measuring the force 
generated by hip muscles during a 
given motion of the hip joint. For the 
abductor muscles, we found that an 
eccentric (lengthening contraction) 
produced the greatest tension, and a 
concentric (shortening contraction) 
produced the least tension (Fig 5).° 

Electromyography.—Knowledge of 
when muscles contract during gait is 
useful in understanding the function 
of the hip joint and is mandatory in 
force calculations for the joint. Elec- 
tromyographic data for the muscles 
around the hip have been reported by 
Sorbie and Zalter,‘ and others. A sum- 
mary of this activity during gait is 
shown in Fig 6. 


Forces Applied to the Hip Joint 


The stresses applied to the joint 
surfaces are for the most part pres- 
sure stresses. This. force is of course 
transmitted to the pelvis and the fe- 
mur. The femoral shaft is curved, par- 
ticularly in the frontal plane. The me- 
chanical axis of the femoral shaft is a 
straight line from the center of rota- 
tion of the femoral head to the area 
of the femoral condyles. The axis is 
eccentric to the anatomic axis and, 
therefore, the bone is subject not only 
to pressure stresses but to bending 
and sheer stresses. According to 
Grunewald,’ sheer stresses are great- 
est at the upper end of the femur and 
minimal in the mid shaft. Bending 
stress is maximal in the _ subtro- 
chanteric region. Torsion stress is ap- 
plicable through the entire length of 
the femur but is maximal at the up- 
per end. 

Pressure is defined as force per unit 
of area (pounds per square inch). The 
hip-joint pressure is determined by 
dividing the total force across the hip 
joint by the area to which the force is 
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applied. The ictal force’ is composed 
of superincumbeat body weight plus 
the ferce gemsrated in the muscles 
around the hip. aint. The force gener- 
ated in the rasde6 not only adds to 
the tetal fore= across the joint but 
also determines the direction of the 
resultant fore. The force on the joint 
during the stetie situation of stand- 
ing on one leg has deen calculated be- 
tween 2.5 ane 4.) cimes body weight 
by various imwestezators. The force 
during nerme! walking is consid- 
erably greater tian the static force. 
The force in e hip joint can be de- 
termined by drec measurement or 
by calculation frem indirect measure- 
ment. If sai- gauges could be placed 
within the jem and their output 
monitored during walking, the force 
applied to the jəiat could be deter- 
mined. 


Rydell’ app ed strain gauges to the 


neck of a temcra bead prosthesis and 
monitored the output during various 
activities. The measurements were 
made six momths after implantation 
when the patien: ^ad an apparently 
good clinical resalt and walked well. 
Measurement= ootained during slow 
walking showed that the maximal 
force was apcrex mately 1.6 times 
body weight. The force increased as 
walking speed imcreased, and, for 
near normal relking speed, Rydell 
found a fore of 3.3 times body 
weight in stace pnase and 1.2 times 
body weight m swing phase. He 
found that sirap-e. straight-leg rais- 
ing against 2ravity caused a force 
greater than bocy weight in the hip 
joint. For bot= walking and straight- 
leg raising, Eydel found that the 
point of app! eation of the resultant 
force on the Sermoral head and ace- 
tabulum was bocated in the anterior, 
superior quastant of the femoral 
head. Thisstody provided interesting 
and important irfermation in under- 
standing the aio jaint, particularly in 
pointing cut she magnitude of force 
in the joint @wriag swing phase and 
straight-lez-raisin¢g exercise. How- 
ever, there awe =veral shortcomings 
to this gemera. approaeh. Main- 
tenance of aceurete strain-gauge out- 
put ever a perind of time is a common 
and well-knewn broblem to engi- 
neers. If one a=sumes the output is ac- 
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curate, this sort of study still only 
provides information on a particular 
type of abnormal hip, in this case the 
femoral head prosthesis. Since inter- 
nal instrumentation is required, it is 
impossible to obtain data from a 
large cross-section of normal subjects 
or patients with hip problems. 

Paul’ approached the determina- 
tion of the hip-joint forces indirectly. 
His group monitored the motion of 
body segments photographically and 
measured the force applied to the 
body by the floor with a force plate in 
the floor of the walkway while sub- 
jects were walking. If the dis- 
placement of body segments in both 
distance and time is known as well as 
the mass of each segment and the lo- 
cation of each muscle and its period of 
activity, the force applied to the joint 
surfaces and the force in each of the 
muscles can be calculated. Figure 7 il- 
lustrates the force applied to the hip 
joint during walking as determined 
by Paul. This approach also has a 
number of drawbacks. The measure- 
ment of displacement of the seg- 
ments must be very accurate. The 
more accurate the determination of 
the mass of each segment as well as 
the mass center of each segment, the 
more accurate the final result. The 
same applies to the location of the 
muscles around the joint and their pe- 
riod of activity. Another major prob- 
lem with this approach is that the re- 
duction of photographic data is 
extremely time-consuming. However, 
if an accurate method of dis- 
placement measurement can be de- 
veloped and accurate determinations 
of the segment mass, muscle location, 
and period of activity electromyo- 
graphic data) can be made and a 
method developed to reduce all of this 
data automatically, then this method 
could have wide application. The joint 
is not altered by the test methods, 
and large groups with both normal 
and abnormal hips can be studied. 

Greenwald and O’Connor* studied 
the transmission of this load through 
the hip with the use of autopsy speci- 
mens and a loading apparatus. Con- 
tact of the joint surfaces was deter- 
mined with a dye solution that 
stained noncontact areas. The speci- 
mens were loaded according to the re- 


sults of Paul. Then they analyzed the 
material theoretically. They con- 
cluded that, because of the initial in- 
congruity of the surface of the hip 
joint, the contact areas between the 
surfaces are load-dependent up to a 
certain level. The load required for 
complete contact depends on the rate 
of loading and varies from about 50% 
of body weight in young adults to less 
than 25% of body weight at the latter 
end of life for loading rates typical of 
walking. Contact areas on the ante- 
rior and posterior aspects of the ace- 
tabulum gradually merge with in- 
creasing load until the dome of the 
acetabulum comes into contact. The 
analysis of a simple model of the hip 
suggested that the distribution of 
pressure between the articular sur- 
face depends on variations in carti- 
lage thickness from point to point in 
the hip. The effect of incongruity 
gradually disappears after complete 
contact has been achieved, and the 
pressure distribution at large loads 
depends only on the cartilage-thick- 
ness distribution. The distribution of 
cartilage thickness in the hip is such 
as to lead to a state of uniform pres- 
sure between the articular surfaces 
for loads typical of the stance phase 
of walking. 

Kempson et al*'’ developed an ex- 
perimental procedure for performing 
indentation tests in vitro on the ar- 
ticular cartilage of the human fem- 
oral head. The method takes into ac- 
count the limited and variable 
thickness of cartilage and permits 
variations in cartilage stiffness on the 
femoral head; as measured by the 
creep modulus, to be recorded. Using 
this technique, Kempson et al per- 
formed indentation tests on areas of 
cartilage distributed evenly over the 
surface of femoral heads. The stiff- 
ness of each area of cartilage was cal- 
culated from the appropriate indenta- 
tion value in the form of creep 
modulus at two seconds. They found a 
significant reduction in compression 
stiffness in early osteoarthritis. They 
also found these softer areas to be de- 
pleted in the content of glycosaming- 
loyean. 

Stauffer and co-workers" have re- 
ported studies that indicate that pa- 
tients with hip disease walk slower 
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than normal subjects, take shorter 
steps, move their hip joints less, and 
apply somewhat less force to the floor 
with fewer peaks and valleys in their 
force pattern so that the peak force in 
the joint is probably less than normal. 

Jacobs et al’? analyzed the vertical 
component of force in patients with 
hip disease and found that hip disease 
usually produces a longer stance 
phase in relation to swing phase than 
normal, but a patient with a normal 
hip on the opposite side spends more 
time on that foot than the involved 
foot. The period of double support is 
longer. There is a small mean weight. 
Collection of extensive data in sub- 
jects with abnormal hips to calculate 
= the hip-joint forces requires an auto- 
mated system of gait study that is 
under development in several centers. 


Clinical Consideration 


Management of patients with hip 
disease requires an appreciation of 
the fact that force in the hip joint is 
of great magnitude and that a large 
portion of this force is due to muscle 
contraction as indicated by the force 
during swing phase and the force 
during leg raising. Walking with 
crutches with the involved foot on the 
floor relieves a great deal of this 
muscle force, is therefore effective in 
protecting the hip, and results in a 
much more stable and safe gait than 
complete non-weight-bearing crutch 
walking. 

A cane in the hand opposite the in- 
volved hip produces a moment in the 
same direction as the abductor mus- 
cles and thus spares the necessity of 
the muscle force and greatly reduces 
the force across the hip joint. 

In the treatment of fractures of the 
proximal femur, the extremely large 
magnitude of force must be remem- 
bered and the fracture surfaces 
placed as nearly perpendicular as pos- 
sible to the resultant force to min- 
imize the sheer stress at the fracture. 
Stronger and stronger internal fix- 
ation devices have been developed. It 
is not just the strength of the fix- 
ation device but the strength of the 
bone at the device-bone junction that 
determines their success. It is prob- 
able that fixation of a fracture will be 
successful only if the fracture is ade- 
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Fig 7.—Summary of forces at the hip 
joint; J is the joint surface contact force as 
related to body weight, and H is the resultant 
force at the hip. 


quately reduced so the bone takes a 
great portion of the force rather than 
the fixation device. The purpose of 
the internal fixation device is not to 
withstand the huge forces at the hip 
joint but to hold the bone fragments 
in such a position that the force can 
be transmitted through the frag- 
ments. 

Treatment of arthritis of the hip 
joint has been directed at making the 
force across the joint as low as pos- 
sible or the force-per-unit area of 
joint surface as low as possible, either 
by the use of assistive devices, possi- 
bly a specific gait pattern in the fu- 
ture, or by surgical reconstruction. 
Pauwels and Marquet'®:* have advo- 
cated the use of intertrochanteric os- 
teotomy to reduce the pressure on the 
joint surfaces by increasing the 
weight-bearing surface. This is sup- 
posedly done by rotating the head 
into a position of maximal congruity 
with the acetabulum by an osteotomy 
of the proximal femur. However, a 
successful osteotomy probably in- 
creases the muscle moment arm or 
decreases the body-weight moment 
arm so as to reduce the total force 
across the joint. 

We made a mathematical analysis 
of the optimal position of the femoral 
head and acetabulum in a cup arthro- 
plasty."* Our criteria for optimiza- 
tion were that the pressure across the 
joint should be as small as possible 
and that the force in the abductor 
muscles required to maintain pelvic 


stability should be as small as pos- 
sible. We considered the location and 
size of the acetabulum and the fem- 
oral head and the location of the ab- 
ductor-muscle insertion. We con- 
cluded that, if attempts are made to 
reduce abductor-muscle force, joint 
pressure will be reduced simultane- 
ously. To accomplish this, the ace- 
tabulum should be placed as far me- 
dially and inferiorly as possible, and 
the tip of the greater trochanter 
should be placed as far laterally as 
possible. Moving the acetabulum me- 
dially and inferiorly is the most im- 
portant feature. 

The above conclusions apply equal- 
ly well to total hip-joint replacement 
as to cup arthroplasty. Total hip-joint 
replacement simply allows us to im- 
plant joint surfaces that are tough 
enough to withstand the pressures in 
the hip joint and increases the sur- 
geons options as to location of the 
joint. 

This operation does bring up many 
clinically significant questions con- 
cerning materials and methods used 
in the manufacture and design of the 
prostheses. The mechanical properties 
of the fixation material, presently 
methyl methacrylate, are also of clini- 
cal importance. For the present, these 
questions are only partially answered 
at best. 

All varieties of prostheses are 
available: a metal femoral head and 
metal acetabulum, a metal femoral 
head and plastic acetabulum, and a 
plastic femoral head and metal ace- 
tabulum. An overwhelming majority 
of opinion presently favors a metal 
femoral head and plastic acetabulum, 
with the components cemented in 
place. Debate exists as to whether the 
femoral head should be stainless steel 
or vitalium but no solid data exists to 
conclude either way. Most acetabular 
prostheses are made of high-density 
polyethylene. Efforts are underway to 
find better materials as well as to 
standardize the polyethylene. 

The size of the femoral head varies 
from 22 to 32 mm. The larger the 
femoral head, the greater the surface 
area and, therefore, the lower the 
pressure for a given total force. One 
should not jump to the conclusion, 
however, that the lower the force-per- 
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unit area, the de-ter the wear proper- 
ties in this type cf artificial joint. The 
relationship ot frietion to load is not 
linear, and the resationship of wear 
rate of the plastie todoad is not linear. 
In additien, the volume of wear 
debris that must »e handled by the 
surrounding seft tsssue may be more 
important to tae long life of the arti- 
ficial joint than -he rate of thinning 
of the acetabula> prosthesis. I have 
mentioned this simply to point out 
the complexity of seme of the prob- 
lems in this aree and to caution 
against premature acceptance of 
simple answers. A complete discus- 
sion of the merhem of total hip re- 
placement is beyond the scope of this 
article. 
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2. Otaer indications for the use of carbon dioxid as a stimulus to respiration are: (a) in cases in which 
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the respiretery center is depressed, not by the ether but by direct pressure or injury; for example, the 
above mentipned cases of cerebellar tumor, brain abscess and fractured skull, in which carbon dioxid was 
the means o: restoring normal respiratory function; (b) in the treatment of failing respiration during the 
period taa- ether is given. Whether this is due toa hypocapnea following a period of exaggerated breath- 
ing, or to ar actual depression of the respiratory center by the ether, the findings in two cases suggest 
that carboa dioxid can restore normal respiration. 

3. In 20 instance have any signs of acidosis or other harmful effects attributable to carbon dioxid been 
noted. 

4. The tensions of ether at different depths of anesthesia and a characteristic curve of deetherization 
were obtaiaed and found to be exactly similar to results previously published by Nicloux and by Gramen. 

The spiregraphic measurements showed that ether in induction is accompanied by increased pulmo- 
nary vertia-ion but that the volume of breathing after prolonged anesthesia or periods of hyperpnea 
falls te suknormal levels. 

Experm2rtal aeration of ether-water mixtures gave a series of deetherization curves which were iden- 
tical with these of actual patients. This shows that the elimination of ether from the blood is a simple 
physical process governed by the laws of diffusion. 

Thers-or2, tae two chief factors governing the rate of recovery are the (1) volume of air entering and 
leavmg -he chest and (2) the amount of ether in the body at the end of anesthesia.” 

“White —C: dari Surg 7347-370, 1923. 
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Biomechanics Symposium 


Biomechanics of the Spine 


James M. Morris, MD, San Francisco 


The basic anatomy of the vertebrae and 
disc is presented. Instrinsic spinal stability is 
provided by the intervertebral discs and liga- 
ments, extrinsic stability by the muscles. In 
the sagittal plane the axis of motion is re- 
lated to the disc; in the horizontal plane it is 
determined by facet orientation. 

The vertebral end-plates are most suscep- 
tible to injury, followed by the vertebral body 
and the disc. The end-plates tolerate greater 
dynamic than static forces. Muscle action 
during lifting decreases the load on the in- 
tervertebral discs by transforming the tho- 
rax and abdomen into semirigid-walled cylin- 
ders. Interdiscal pressure is greatest while 
sitting, less in standing, and least reclining. 

Bracing provides incomplete immobiliza- 
tion, but substitutes for abdominal muscle 
action. The inflated corset decreases disc 
pressure by increasing intra-abdominal and 
intrathoracic pressures. Abdominal strength- 
ening exercises can beʻof benefit in low back 
disorders by the same mechanism. 


he vertebral column is a re- 
markable structure. It is nor- 
mally quite flexible, yet can be rigid 
and capable of withstanding great 
stress. Consider, for example, the 
function of the vertebral column in 
the wrestler compared with that in 
the weight lifter. 
In order to understand the mechan- 
ical properties of the spine, a brief re- 
view of the anatomy is in order. 


Gross Anatomy 


The spinal column as a whole con- 
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sists of 24 presacral vertebrae. the sa- 
crum, and the coccyx. The presacral 
segments increase in size from the 
first cervical to the fifth lumbar ver- 
tebra. The sacral and coccygeal seg- 
ments decrease from the first sacral 
segment caudally. Each typical pre- 
sacral vertebra is composed of four 
parts (Fig 1): (1) the body, which is 
primarily for transmission of forces; 
(2) the lamina and pedicles, which 
(with the body) enclose the spinal ca- 
nal; (3) the spinous and transverse 
processes for muscle and ligament at- 
tachment; and (4) the posterior fac- 
ets, which guide and limit metion be- 
tween vertebrae. 

At the time of birth, the infant’s 
spine has only one long curve which 
extends over its entire length and is 
convex dorsally. It is generally as- 
sumed that when the infant raises his 
head the cervical lordosis develops, 
and that as he assumes the upright 
position the lumbar lordosis results. 
Completion of these curves gives the 
spine its adult shape of four typical 
curves in the sagittal plane. 

The vertebrae articulate hy means 
of three joints: the intervertebral disc 
anteriorly, between the vertebral 
bodies; and two posterior articula- 
tions between the facets which are of 
the gliding type and which possess 
true synovial joint cavities. In the 
posterior intervertebral joints, the in- 
ferior articular facets of the vertebra 
above usually overlie the superior fac- 
ets of the vertebra below. 


Structure and Composition 
of the Intervertebral Disc 


The intervertebral disc, which pro- 
vides for spinal flexibility, is gener- 


ally considered to be composed of 
three parts: the nucleus pulposus, 
which occupies 50% to 60% of the 
cross-sectional area of the disc; the 
anulus fibrosus; and the two cartila- 
ginous plates which separate the disc 
from the vertebrae above and below. 
Embryologic and certain functional 
studies, however, indicate that these 
plates are better considered portions 
of the vertebral body. 

The nucleus pulposus is an oval 
gelatinous mass which occupies the 
central portion of the disc, nearer the 
posterior than the anterior border of 
the anulus fibrosus. The nucleus con- 
sists of chondrocyte-like cell bodies 
dispersed within an intercellular ma- 
trix consisting of a fairly dense net- 
work of poorly differentiated collagen 
fibrils which are covered by a poly- 
saccharide protein complex. The poly- 
saccharide is chondroitin sulfate; be- 
cause of its polar (hydroxyl) groups, 
the nucleus has a great capacity to 
imbibe and bind water (depending on 
age, it contains from 90% to 75% wa- 
ter by weight). These components of 
the intercellular matrix form a three- 
dimensional lattice gel system. 

The anulus fibrosus is formed of 
layers of collagenous tissue and fibro- 
cartilage (inner portion) and is firmly 
anchored to the vertebra. The fibers 
within these layers are directed 
obliquely between the vertebrae, and 
successive layers have fibers which 
are perpendicular to those of the 
neighboring layer, an orientation 
which gives the disc its elasticity. The 
layers are firmly bound by an inter- 
cellular cement-like substance. The 
anterior and lateral portions of the 
anulus are approximately twice as 
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Process 


Fig 1.—Fifth lumber vertebra. 


Fig 2.—Adult thomaeomrmbar ligamentous spine, fixed at base and 
free at top, under vertcal loading, and restrained at midthoracic 
and midiumbar leweisir anteroposterior plane. A, before loading; B, 
during loading: €, stebi ity failure occurring under 2.04-kg load; D, 
lateral view showing anteroposterior restraints. (From Lucas and 


Bresier,' with slig-t modification) 


thick as the pesterir portion. Here 
the layers are narrower and fewer in 
number, and the fbers appear to be 
oriented in a direction more parallel 
to those of the aljaeent layer. There 
is also less binding substance. These 
conditions, ne dav bt, contribute to the 
propensity of a cc to herniate poste- 
riorly. Fibers of the mmermost layers 
of the anulus pass mto the nucleus 
and blend with its intercellular ma- 
trix. There is ther2fore no distinct de- 
marcation of ame us and nucleus. 

The vertebral segments and discs 
are firmly beund sogether by liga- 
ments under tenson: (1) a longi- 
tudinal system hie binds all the 
vertebrae together into a mechanical 
unit (ie, anterio” end posterior lon- 
gitudinal ligaments supraspinous 
ligaments); (2) a brgitudinal system 
which secures one segment to another 
(ie, interspineus, atertransverse, and 
iliolumbar ligamen-s. and ligamen- 
tum flavum). Ths arrangement ac- 
counts for the rela<ive stability of the 
spine dissected free of museulature. 

Biomechanics 

The spinal eolumr serves as a sus- 
taining rod fer the maintenance of 
the upright position of the body and 
as such is subjectsc tomany forces of 
different types œ, compression, 
shearing, tension, beacing, and twist- 
ing). The column peseses an intrin- 
sic as well as catrin ie stability. The 
former is due to its disc and liga- 
mentous support, whi the latter is 
related te the misce support, espe- 
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cially of the abdomen and thoracic 
cage. The intrinsic stability is the re- 
sult of the pressure within the dises 
(imbibition pressure of nucleus), 
which tends to push the vertebral 
bodies apart, and the resistance pro- 
vided by the ligaments, which tends 
to force the bodies together. This 
combination produces a very stable 
arrangement between adjacent ver- 
tebral bodies. 

It has been shown that the liga- 
mentous spine (the spine devoid of 
musculature) may be considered to be 
a modified elastic rod and as such 
obeys the physical laws which apply 
to elastic rods.’ It has further been 
determined experimentally that the 
critical load value for the ligamentous 
spine which is fixed at the base and 
free at the top is approximately 2 kg 
(Fig 2). 

At that load, the upright spine 
buckles, or falls to one side. In the liv- 
ing subject, the phenomenon of buck- 
ling under this condition is best illus- 
trated by the unconscious person, who 
must be supported when in a sitting 
position. In the conscious subject, this 
tendency to buckle is resisted by the 
action of the trunk musculature. 

The spine, which is composed of al- 
ternating rigid and elastic elements, 
possesses a considerable degree of 
flexibility that is primarily due to the 
intervertebral discs. The amount of 
flexibility depends on the material 
characteristics, the size and shape of 
the disc, and also on the restraint of- 
fered by the intervertebral liga- 
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ments. It has been shown that the 
flexibility between two vertebrae 
varies directly with the square of the 
vertical height of the disc and in- 
directly with the square of the hori- 
zontal diameter of that body.? Be- 
cause of the proportionally greater 
height of the lumbar disc, the range 
of intervertebral motion is somewhat 
greater in the lumbar region; but be- 
cause of the greater horizontal diame- 
ter, the flexibility is less than in the 
thoracic region. 

The discs are of prime importance 
in the flexibility and motion of the 
spinal column. Normally, they may be 
considered to act as universal joints, 
permitting motion in four directions 
between vertebral bodies: (1) trans- 
lational motion in the long axis of the 
spine occurring because of the com- 
pressibility of the disc; (2) rotary mo- 
tion about a vertical axis; (3) antero- 
posterior bending; and (4) lateral 
bending. 

In flexion and extension of the 
spine, the centers of the axes of mo- 
tion pass close to or within the nu- 
cleus pulposus, so that, for most prac- 
tical purposes, the nucleus may be 
considered the center of motion in the 
sagittal plane. Experimentally, how- 
ever, it has been found that the axis 
of motion changes its position some- 
what with changes in the are of mo- 
tion. For example, during full exten- 
sion of the spine the axis passes 
through the disc immediately in front 
of the nucleus. This change of posi- 
tion is progressive throughout move- 
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Fig 3.—Mechanism of axial rotation in a thoracic (left) and a lum- 
bar (right) vertebra. (From Gregersen and Lucas’) 


ment and is compatible with a hy- 
pothesis that the vertebral bodies 
normally rock over the nucleus. In the 
horizontal plane, the center of rota- 
tion is determined by the orientation 
of the posterior facets. In the cervical 
and thoracic regions, because of the 
alignment of the facets in the coronal 
plane, the center of rotation is near 
the center of the disc (Fig 3). In the 
lumbar region, with sagittal ori- 
entation of the facets, the center of 
rotation is posterior to the disc, espe- 
cially at the lumbosacral area (Fig 4). 
Rotation in the lumbar area, there- 
fore, imposes a shearing stress on the 
anulus which may play a part in accel- 
erated degeneration in this area. 
The nucleus pulposus is well suited 
for its function. Because of its high 
water content and plastic nature, its 
functions follow closely the laws 
of hydrodynamics. Forces are trans- 
mitted across the disc partly by the 
nucleus and partly by the anulus. Be- 
cause of the semiliquid center of the 
disc, these transmitted forces are 
uniformly distributed to the inter- 
vertebral surfaces of the bodies of the 
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vertebrae in a wide range of move- 
ment. Only when the angulation is 
sufficient to displace all the liquid me- 
dium from one portion of tke central 
“eavity” and when apposition of the 
vertebrae occurs does the distribution 
become unequal. 

The range of motion between adja- 
cent vertebrae is guided and con- 
trolled by both the ligamentous struc- 
tures and the posterior articulations. 

Gregersen and Lucas’ studied axial 
rotation of the erect spine in vivo 
while the trunk was rotated from side 
to side. Steinmann pins were inserted 
into spinous processes of paid volun- 
teers under local anesthesia and an- 
gular displacement between various 
vertebral levels was measured by spe- 
cial transducers designed to measure 
only rotation. They concluded from 
studying rotation of the trunk from 
side to side that approximately 74° of 
rotation occurred between the first 
and 12th thoracic vertebrae. The 
average cumulative rotation from the 
sacrum to the first thoracic vertebra 
was 102° (Fig 5). 


Measurements obtained during 
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Fig 4.—Fifth lumbar vertebra. Mechanism of axial rotation at lum- 
bosacral joint. (From Gregersen and Lucas’) 


walking indicated that: (1) The pelvis 
and lumbar spime rotate as a func- 
tional unit; (2) In the lower thoracic 
spine, rotation diminishes gradually 
up to the seventh thoracic vertebra; 
(3) The seventh thoracic vertebra rep- 
resents the area of transition from 
vertebral rotation in the direction of 
the pelvis to rotation in the opposite 
direction—that of the shoulder girdle 
(Fig 6); and (4) The amount of rota- 
tion in the upper thoracic spine in- 
creases gradually from the seventh to 
the first thoracic vertebrae. 

Axial rotation at the lumbosacral 
level in vivo was measured by Lums- 
den and Morris* using a specially de- 
signed transducer. Approximately 6 
degrees of rotation was found to oc- 
cur at the lumbosacral joint during 
maximal rotation when the subject 
was either standing or straddling a 
bicycle seat with his pelvis fixed. Ap- 
proximately 1.5 degrees of rotation 
occurred during normal walking. Ro- 
tation at the lumbosacral joint was 
not measurably affected by asym- 
metrically oriented lumbosacral fac- 
ets. It was always associated with 
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Fig 5.—Maximum ‘tal axial rotation of thoracolumbar spine in 
standing and sitting positicns, pelvis immobilized. (From Gregersen 
and -Lucas*) 
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Fig 6.—Axial rotation of thoracolumbar spine during locomotion. 
Left heel strike to right heel strike, 4.38 km/hr. Solid circles repre- 
sent values for readings from pins; open circles, readings from belt. 
(From Gregersen and Lucas’) 


flexion of tne îfthiunbar vertebra on 
the sacrum. 


Spine Stability 


The combined imcrinsic and extrin- 
sic support of the spinal column en- 
ables it to witastand the great forces 
to whieh it may b= subjected. At the 
same time, the namber of articula- 
tions and interpcsed intervertebral 
discs allow the cclumn to act as a 
modified elasti rod. 

It can be calcuketed ‘rom a stat- 
ic diagram that when an individual 
bends forwerd to lift a heavy weight, 
a large force is generated at the lum- 
bosacral junction (Fig 7). This force 
results largely from the eontraction 
of the erector spinse muscles acting 
through a very shcrt lever arm. The 
ratio of the anterier zo the posterior 
lever arm is apprcximately 10 to 1. 
Therefore, if a weight of 90.7 kg is 
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lifted, there is, theoretically at least, 
a force of 907.2 kg at the lumbosacral 
level. However, a number of biome- 
chanical experiments have been car- 
ried out to determine the strength of 
the discs and vertebral bodies, and it 
has been demonstrated that such 
great forces (907.2 kg) cannot be tol- 
erated. By placing two vertebral 
bodies with their intervening discs in 
a materials-testing compression ma- 
chine or by subjecting them to sudden 
dynamic forces, considerable infor- 
mation has been obtained. 

Compression tests have shown that 
the disc behaves as an elastic body 
only up to a maximum total pressure 
of 635.0 kg (in specimens from young 
adults). In specimens from older per- 
sons, the elastic limit is approxi- 
mately 158.8 kg. Beyond this amount, 
the disc is rapidly deformed by very 
little additional pressure. 


Compression forces have been im- 
posed up to the point of failure of a 
particular segment of the spine being 
studied. This failure is. characterized 
by an audible crack followed by leak- 
age of sanguineous fluid from one of 
the vertebrae (usually the superior), 
through the vascular foramen, and oc- 
casionally at some point along the at- 
tachment of the peripheral fibers of 
the anulus to the vertebral bodies. 
The evidence of failure is often diffi- 
cult to visualize either upon gross ex- 
amination or roentgenographically. It 
may consist of compression of a few 
spicules of bone, cracks in the end- 
plate, or, sometimes, collapse of the 
plate. It has been shown that this 
failure occurs in specimens from 
young persons at a compressive load 
of 453.6 kg to 771.1 kg. When speci- 
mens from older persons were stud- 
ied, the critical load was much less, 
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Fig 7.—Force on lower lumbar part of spine, omitting role of 
trunk. (From Morris et al,? with slight modification) 


even as little as 136.1 kg. 

It is noteworthy that when the 
anulus is intact its elastic limits can- 
not be exceeded without vertebral 
fracture. The end-plate is most sus- 
ceptible to fracture as a result of the 
forces exerted on the spine, and this 
structure generally gives way first. It 
is most likely to fracture centrally 
when the disc is normal and when the 
resistance of the vertebral body is 
greater than the pressure generated 
in the nucleus. This type of end-plate 
failure would explain the origin of the 
so-called Schmorl’s nodes in young 
persons. Peripheral plate fractures or 
fissures across the end-plate occur 
when various degrees of disc degener- 
ation are present which lead to an ab- 
normal distribution of forces across 
the disc space. 

The vertebral body itself is the 
next most susceptible portion of the 
segment under study and usually col- 
lapses before herniation of the nu- 
cleus occurs through the anulus. Even 
when well-developed defects of the 
anulus are present, end-plate or ver- 
tebral fractures are more likely to oc- 
cur than dise herniation. (It is to be 
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emphasized that the above values are 
not in vivo measurements.) 

Investigations of injuries sustained 
by catapult ejections of jet-pilots with 
a foree of 20 g or less than 907.2 kg 
demonstrated that vertebral com- 
pression fractures occurred in 27% of 
the cases. 

It has also been shown experimen- 
tally in dogs that a single violent 
trauma will cause fracture of the ver- 
tebra more often than disc hernia- 
tion. This would agree well with the 
opinion that trauma per se seldom 
causes disc herniation. Inorganic as 
well as organic materials generally 
are able to withstand stresses during 
a short period more readily than 
stresses exerted for longer periods of 
time. It has been shown that an ap- 
proximately equal number of end- 
plate fractures occurred when a static 
force of approximately 589.7 kg was 
exerted as when dynamic stresses of 
1178.3 kg were applied. (This is appar- 
ently related to the viscoelastic prop- 
erties of the involved structures.) 

How, then, can the spine support 
the apparent loads to which it is sub- 
jected? One possible explanation for 


Fig 8.—Force on lower lumbar part of spine, including role of 
trunk. (From Morris et al,’ with slight modification) 


Fig 9.—Approximate relationship between 
position and total pressure on normal third 
and fourth lumber discs. Positions: shown 
are sitting, standing, reclining (with tilting), 
and lying with complete muscle relaxation 
(in one subject under general anesthesia, 
with the use of additional muscle relaxants, 
pressure recorded was similar to that ob- 
tained from autopsy specimens). (From 
Nachemson and Morris’) 
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the ability of the sine to withstand 
such forces is tə consider the spine as 
a segmental el=stic celumn, supported 
by tae paraspinal muscles and at- 
tached to tae sies of and within two 
chambers, the =hdominal and thoracic 
cavities, waich are separated by the 
diaphragm. Th= first cavity is filled 
with a combineticn of solids and liq- 
uids, while the coad is filled largely 
with air. The action of the trunk mus- 
culature conver-s these chambers into 
semirigid-vealled cyiinders of air and 
semisolids capable ef transmitting 
forces generates in leading the spine 
and thereby reliev-n=the spine itself. 

This hypethesis* was studied and it 
was possible te shew that, during the 
act of lifting, the action of the inter- 
costal musces.and the muscles of the 
shoulcer gimdle rencered the thoracic 
cage cuite rgic. An increase in intra- 
thoracic pressure resulted, converting 
the thoracic cag= and the spine into a 
sturdy unit capable of transmitting 
large forces. By eontraction of the di- 
aphragm and the muscles of the ab- 
domimal wal, the <ebdeminal contents 
were compressed into a semirigid 
mass, thereby making the abdominal 
cavity a semirigid =ylinder. The force 
of weights lifted by ‘the arms is thus 
transmitted to the spinal column by 
the muscles of the shoulder girdle, 
principally the trapezius, and then on 
to the abdominal -ylinder and the pel- 
vis, partly through tae spinal column 
and partly taroweh the rigid rib cage 
and abdomen. The larger the weight 
lifted, the g-eatem -= activity of the 
trunk and chest and abdominal mus- 
culature was found te be. Also, a con- 
comitant inerea im intracavitary 
pressures resuite]. Sensidering the 
effects of the increased cavitary pres- 
sures, the calculated sorce on the lum- 
bosacral disc durmg the lifting of any 
load was found +o be decreased by 
30%, and the leae er the lower tho- 
racic porton of zae spine was about 
50% less than it weuld have been 
withou: support Fy the trunk. Thus, 
when 99.7 kg-are | f+ed, instead of ap- 
proximately 907.2 kg of force being 
transmitted alongs the spine, only 
about 680.4 kz is actually transmitted 
(Fig 8) It is interesting to note that 
when a tight corset was worn about 
the abcomen. an inenease in the in- 
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tra-abdominal and intrathoracic pres- 
sures resulted from tightening of the 
corset. At the same time, during the 
act of lifting, there was a decrease in 
the activities of the thoracic and ab- 
dominal muscles, indicating that the 
effect of the muscles can be replaced 
by an external appliance. 

In an attempt to confirm the above 
calculations, intradiscal pressures 
were measured in vivo by Nachemson 
and Morris.° A needle with a pres- 
Sure-sensitive polyethylene mem- 
brane at its tip was inserted into the 
dise under study. Intradiscal pres- 
sures of 10 to 15 kg/cm were found 
in normal dises with subjects in the 
sitting position. There was approxi- 
mately 30% less pressure during 
standing and about 50% less in the re- 
clining position (Fig 9). From these 
measurements it can be determined 
that the lower lumbar discs of adults 
have to support total loads of as much 
as 99.8 to 174.6 kg when the subjects 
are seated. For the standing position, 
total loads of between 90.7 and 120.2 
kg were calculated from the pressure 
values obtained. The intradiscal pres- 
sures were significantly elevated 
when weights were lifted, especially 
when associated with forward flexion 
of the trunk. The figures obtained 
agreed closely with the theoretical 
calculations of forces on the spine 
mentioned above. Nachemson and Elf- 
ström have recently extended this 
study to record intradiscal pressures 
during a variety of tasks.’ 


Bracing Considerations 


Norton and Brown,’ using pins in- 
serted into the spinous processes, 
demonstrated that in the sagittal 
plane immobilization of the spine was 
far from complete when utilizing any 
of the common back braces. Lumsden 
and Morris‘ studied rotation at the 
lumbosacral level and found that the 
corset and chairback brace only par- 
tially restricted the movement. 

Waters and Morris? demonstrated 
that electrical activity of the erector 
spinae musculature was affected very 
little by the wearing of a corset or 
brace. The activity of the abdominal 
muscles, however, was significantly 
decreased while the appliance was 
worn. 


When an inflated corset was worn, 
the pressure in the examined dises de- 
creased by about 25%. This experi- 
ment demonstrates quite well how in- 
creasing the intrathoracic and intra- 
abdominal pressures decreases the su- 
perincumbent load on the dises. It 
would appear that the efficacy of cor- 
sets and back supports is due largely 
to compression of the abdomen with a 
resulting decreased load on the verte- — 
bral column itself. These data also 
support the value of abdominal 
strengthening exercises in the treat- 
ment of low back disorders. 


Conclusion 


In conclusion, the human spine can 
be flexible or quite rigid and able to 
withstand great stress. Flexibility 
and the so-called intrinsic stability 
are provided by the intervertebral 
discs and binding ligaments. The ex- 
trinsic stability is provided by the 
trunk and back musculature. It is by 
the action of the thoracic and abdomi- 
nal musculature, which increases the 
intracavitary pressures, that great 
forces can be applied which otherwise 
might result in injury of the spine. 
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Biomechanics of the Shoulder Joint 


Donald B. Lueas MD,San Francisco 


The functionalanatoray of the shoulder is 
reviewed and the biorr=chanics presented. 
Deltoid force was maximal with the arm ab- 
ducted 90°, and was Giculated to be 8.2 
times the weight» the 2xtremity. At 60° of 
abduction, the Gownward (short rotator) 
force was maxima at 9.% times limb weight. 
The mechanism woereb~ the deltoid and the 
downward-acting snort ~ctators combine to 
effect abduction i= knoven as a force-couple. 
The biceps mechamism p-evides weak abduc- 
tion in deltoid saralysis. Scapular rota- 
tion normally ecex rs with glenohumeral ab- 
duction and is kmown as scapulohumeral 
rhythm. Scapuiar sotati«n permits the del- 
toid to maintain am optimum length-tension 
ratio during most of th= abduction range. 
The acromiociavcular articulations and 
pathomechanics ase alsc discussed. 


n order te tnderstand the func- 
tion of the eamplex group of artic- 
ulations that comstitate the shoulder 
joint, it is necessary to review their 
anatomy and modes of action. The 
basis for much ef thedata is the work 
of Inman and associa_es."? Credit also 
must be given to Jodman?’ whose 
monumental bosk, Tre Shoulder, re- 
mains a classic $o this date. Unfortu- 
nately, the data on forces and mo- 
ments (force times l-ver arm) about 


the shoulder ave fragmentary and 
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much work remains to be done before 
our knowledge is reasonably com- 
plete. 

For clarity, the component parts of 
the shoulder joint complex are dis- 
cussed separately, although it will be 
readily recognized that this treat- 
ment is artificial since the complex al- 
ways functions as a unit. 


Scapular Anatomy 


The scapula forms the base of the 
glenohumeral joint. Posteriorly, it is 
divided into two unequal parts by the 
elevated spine. The smaller supra- 
spinous portion is the site of origin 
of the relatively small supraspinatus 


muscle. The infraspinous portion is. 


elongated and provides attachment 
for the larger muscle mass, composed 
of the infraspinatus and teres minor 
muscles, which is important in de- 
pressing the head of the humerus dur- 
ing elevation of the arm. The spine of 
the scapula provides for the attach- 
ment of the supporting trapezius 
muscle along its upper border, while 
the deltoid muscle, which suspends 
the humerus, originates from its 


‘lower border. 


The anterior surface is covered by 
the subseapularis muscle which, like 
the teres minor and infraspinatus 
muscles, is important in depressing 
the humeral head. 

Along the medial border of the 
bone three muscles arise; the two 


rhomboid muscles, which stabilize the 
scapula, and the serratus anterior, 
which, by inserting forward on the 
rib cage, prevents winging of the 
scapula. 

The forward projecting coracoid 
process is an efficient lever which en- 
ables the small pectoralis minor 
muscle to help stabilize the scapula. 
In addition, the process serves as a 
point of origin for the coracobra- 
chialis muscle and the short head of 
the biceps muscle. 

In all, 15 major muscles are at- 
tached to this relatively small bone. 
Six of these muscles support and 
motivate the scapula, while the other 
nine are concerned with glenohumer- 
al motion. A prominent feature of the 
scapula in man is the large, over- 
hanging acromion, which places the 
deltoid muscle in a dominant position 
for strength during elevation of the 
arm. In the lower animals, which also 
use their forelimbs for feeding, the 
acromion is less well developed and 
the deltoid muscle is correspondingly 
smaller than in man. 


Glenoid and Coracoacromial Arch 


The extremely shallow glenoid cav- 
ity allows for a wide range of gleno- 
humeral motion, in contrast to the 
acetabulum, which sacrifices mobility 
in favor of greater stability. The en- 
circling fibrocartilaginous labrum gle- 
noidale deepens the glenoid and adds 
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Fig 1.—Glenohumeral motion. 


a measure of stability to the joint. 
Normally the labrum is intimately at- 
tached to the rim of the glenoid cav- 
ity, but it may become detached ante- 
riorly if the shoulder is dislocated for 
the first time. With subsequent dis- 
locations, erosion of the labrum oc- 
curs. Completing the overhanging 
coracoacromial arch is the coracoacro- 
mial ligament, which bridges the gap 
between the acromion and the cora- 
coid process. This arch provides a fur- 
ther stabilizing influence to the 
glenohumeral joint by limiting up- 
ward displacement of the humerus 
following chronic tears and attrition 
lesions of the rotator cuff. About 40% 
of aged individuals have matching ar- 
ticular facets on the acromion and 
scapula due to the upward migration 
of the humerus. 

Separating the greater and lesser 
tuberosities is the anteriorly placed 
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intertubercular groove, which is occu- 
pied by the tendon of the long head of 
the biceps muscle. As the tendon 
passes over the humeral head from its 
site of origin, just above the glenoid, 
it makes a right angle turn and 
passes over the anterosuperior aspect 
of the humerus. This abrupt turn may 
result in abnormal wearing of the 
tendon at this point. A shallew groove 
may permit anterior subluxation of 
the tendon to occur. 

The one true ligament of the gleno- 
humeral joint is the coraeohumeral 
ligament, which is thought to repre- 


sent the old insertion of the pectoralis - 


minor muscle on the humerus. Anat- 
omists point out that in about 15% of 
cadavers a part of the pectoralis mi- 
nor tendon still crosses the coracoid 
process to insert on the humeral head. 

Functionally, the coracohumeral lig- 
ament is important since it unites the 


tendons of the supraspinatus and sub- 
scapularis muscles to complete the 
rotator cuff in this area. Transverse 
tears of the supraspinatus tendon 
often extend longitudinally between 
the tendon and the coracohumeral 
ligament. 

The shoulder joint is surrounded by 
a thin capsule which is little more 
than a synovial membrane. Ante- 
riorly, the capsule is reinforced by 
three pleat-like folds, referred to as 
false ligaments, which bear the 
names superior, middle, and inferior 
glenohumeral ligaments. The syn- 
ovial capsule extends along the inter- 
tubercular groove a short distance to 
form a synovial sheath for the long 
head of the biceps. In all except the 
inferior aspect of the joint, the cap- 
sule is reinforced by overlying ten- 
dons. 

The tendons of the subscapularis, 
supraspinatus, infraspinatus, and 
teres minor muscles insert on the 
proximal humerus in radial fashion, 
each with its appropriate facet. Two 
facets for the subscapularis tendon 
are usually found on the lesser tu- 
bercle. Three facets lie in succession 
along the greater tubercle for the 
supraspinatus above, and the infra- 
spinatus and teres minor below. 
These four tendons blend intimately 
together to form a continuous rotator 
cuff. Since they insert along the cir- 
cumference of the humeral head, they 
function as internal and external 
rotators of the humerus. A second and 
even more important function is that 
of depressing the humeral head dur- 
ing elevation of the arm. The latter 
activity will be discussed in more de- 
tail later. 


Subdeltoid Bursa 


Superficial to the rotator cuff is the 
subdeltoid bursa, which provides two 
smooth serosal layers, one of which 
adheres to the overlying deltoid 
muscle and the other to the under- 
lying rotator cuff. This arrangement 
permits the rotator cuff to glide easily 
beneath the deltoid muscle and acro- 
mion as the arm is elevated. During 
elevation the bursa is compressed, 
and pathological disturbances within 
the cuff, such as degenerated lesions 
or calcium deposits, may be reflected 
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in the bursa m the form of acute or 
chronie bur as The pain of acute 
bursitis is o`zan ixtolerable. 


Gier> um «ral Motion 


Passively, = is possible to abduct 
the arm 120 whes the scapula is re- 
strained from mev ng (Fig 1). Motion 
is blocked a> n5 point by impinge- 
ment of the sargieal neck of the hu- 
merus agains: the aeromion. Actively, 
under these «ramnstances the hu- 
merus can be abdacted only 90°. In 
this position the srm can barely be 
maintained »y tae muscles. Further 
abduction cas ‘her be passively car- 
ried out to the ful 20°. During either 
active or passtve 2l-vation of the arm, 
it is necessary tor he humerus to ro- 
tate external? nearly 90° in order to 
allow the greste> subercle to rotate 
posterior te tas aersmion and thereby 
prevent impiag2ment. With the arm 
in full internal rozation, only about 
60° of glenom:m=ra! motion is pos- 
sible either f=ssivdy or actively be- 
fore the grester whercle impinges 
against the Craq@ecromial arch and 
blocks further adcuetion (Fig 2). This 
explains why œ i7iduals with marked 
internal rotat sctractures cannot 
abduet fully, su’ ean elevate the arm 
in the ferward plare. 


Force Requim=-menss for Abduction 


With the =-m actively abducted 
90°, three fer==s are required to 
maintain equ ihrum. According to 
Inman these a the-weight of the ex- 
tremity acting at = center of grav- 
ity of the linm tae abducting mus- 
culature, comp=sec »rincipally of the 
deltoid, and = tard force acting 
through the center cf rotation but in 
a direction app=s:te w that of the del- 
toid. This last serce E the resultant of 
the pressure aad fri-tion of the head 
of the humeris at he glenoid, plus 
the pull of the maseEs which act in a 
downward direto, ie, the subscapu- 
laris, infraspin=<as, and teres minor. 

Empirical cãealat ons were made 
and a force mc = w-s constructed to 
check the calcusaficn . When the limb 
was abducted =, tne deltoid force 
was Maximal and wes determined to 
be 8.2 times the wei at of the extrem- 
ity. The dewmard (short rotator) 
force was maxma_ st 60° abduction 
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Fig 2.—Glenohumeral motion blocked in internal rotation. 


Fig 3.—Deltoid-short rotator force-couple. 





and measured 9.6 times the weight of 
the limb. The pressure and friction 
against the glenoid reached a max- 
imum at 90° of elevation where it was 
10.2 times the weight of the extrem- 
ity. As the arm was elevated beyond 
these points of maximum force re- 
quirement, the forces progressively 
declined to nearly zero at 180° abduc- 
tion. In this last position, the arm is 
balanced on the glenoid and theoret- 


ically requires no muscle force to 
maintain it. Only the weight of the 
limb is borne by the glenoid. 


Deltoid-Short 
Rotator Force-Couple 


The mechanism whereby the del- 
toid and downward-acting short rota- 
tors combine to effect abduction of 
the limb is known as a force-couple 
(two equal but oppositely directed 


Biomechanics of the Shoulder Joint/Lucas 427 


aw SoS =~ 
3 z A 





Fig 4.—Deltoid mechanism for elevaticn of the arm. 


Fig 5.—Short rotator mechanism for elevation of the arm. 
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forces not acting along the same 
line). The directional force of the del- 
toid is upward and outward with re- 
spect to the humerus, with the arm at 
the side, whereas the force of the 
short rotators is downward and in- 
ward (Fig 3). These two directional 
forces can be resolved into their re- 
spective vertical and horizontal 
forces. The horizontal force of the del- 
toid acting below the center of rota- 
tion is opposite in direction to the 
horizontal force of the short rotators, 
which is applied above the center of 
rotation. These forces acting in oppo- 
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site directions on either side of the 
center of rotation produce a powerful 
force-couple, as illustrated by the arm 
signal. The vertical forces offset each 
other and combine to stabilize the 
head of the humerus in the glenoid. 
The deltoid acting alone elicits only 
an upward subluxation of the hu- 
meral head because of loss of fulcrum 
(Fig 4. Similarly, if the short rota- 
tors act independently they depress 
the humeral head and may actually 
cause subluxation of the humerus at 
the glenohumeral joint (Fig 5). Elec- 
tromyographic studies to determine 


the phasic action of these muscles 
show that both the deltoid and the 
short rotators act continuously 
throughout the motion of abduction 
and reach a peak cf activity at about 
120°. | 

In the individual with a long-stand- 
ing tear of the rotator cuff, a perma- 
nent proximal sudluxation develops 
in response to the unopposed vertical 
deltoid force. The resultant pseud- 
arthrosis which develops between the 
humerus and the ecromion provides a 
passive fulcrum ard accounts for abil- 
ity of these individuals to regain par- 
tial abduction function. 


Biceps Mechanism 


In addition te the deltoid-short 
rotator mechanism, a second means is 
available for abduction, ie, the biceps 
mechanism. This requires isolated ac- 
tion of the biceps muscle. While it 
provides only a weak response, it is 
useful in cases of deltoid paralysis. In 
the anatomic pos.tion, the tendon of 
the long head af the biceps turns 
about 90° at the apper end of the in- 
tertubercular groove to cross over the 
humeral head (Fiz 6). In this position 
the biceps has no effective force to el- 
evate the humerus. As the arm is ro- 
tated 90° externelly, the tendon lines 
up with the muscle belly to form a 
straight line across the humeral head. 
In this position it behaves like the 
pulley mechanism used to operate an 
arm signal. As the biceps contracts, 
the humeral heac rotates beneath the 
tendon and is prevented from riding 
upward by the heod-like action of the 
biceps tendon. The weight of the arm 
provides a dowrward force and the 
biceps a horizontal force. The re- 
sultant of these two forces passes 
obliquely through the center of rota- 
tion of the humeral head, and at right 
angles to the glenoid, thus forcing the 
head against the glenoid cavity. Ad- 
ditional pull on the biceps now rotates 
the arm outwarc as in the case of the 
pulley. 

The biceps mechanism is relatively 
unstable and is utilized chiefly as a 
trick motion by patients with para- 
lyzed deltoid mascles. In an effort to 
determine whaz percent the biceps 
contributes to the total abducting 
force, a patient with an old rupture of 
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the long head ef th=-biceps was tested 
with maxima! bads. In this individual 
there was about 29% decrease in ab- 
ducting force en the ruptured side as 
compared with the normal arm, when 
the arm was he dia external rotation. 
With the arm internally rotated, 
there was no difference cn the two 
sides. 


Supraspinatus Mechanism 


The third mechanism may be called 
the supraspinatus mechanism. This is 
similar to the >ieeps mechanism ex- 
cept that the musce motor is located 
on the scapula and the terdinous in- 
sertion is in the greater tubercle (Fig 
7). Again, the weight of the arm 
exerts a dowrwarc force and the 
supraspinatus a korizontal force. The 
resultant ef these forces crosses the 
humeral head at mht angles to the 
glenoid and fises the humeral head 
against the glenoaic fossa. Additional 
pull on the-supraspmatus produces ro- 
tation of the humeral head and ab- 
duction of the arm. 

Electromyegraphie phasic activity 
studies indicate that the supraspi- 
natus muscle contracts throughout 
the entire phase ef abduction of the 
arm. Maximal activity is obtained at 
100° abduetien. The phasic activity 
studies clearly shew that the muscle 
acts progressively throughout the en- 
tire range of motion 


Scapuiar Retation 


As pointed swt, motion at the 
glenohumeral jeint extends through 
an arc of 120°. Smee the erm is ca- 
pable of being abducted a total of 
180°, the remamimz 60° must take 
place at the scapuiothoracic joint. 
Though the scapula is bound to the 
clavicle and the clavicle to the chest, 
for simplicity the scapula may be con- 
sidered a free bady r space. Outward 
and upward retatien of the scapula is 
accomplished through the action of 
two muscles, the trapezius and the 
serratus anterior. Because of its ex- 
tensive insertien on the spire and ac- 
romion of the seapula, the trapezius 
can be divided inte two separate 
functional musdes, the upper and 
lower third (Fig §), separated by the 
mainly fibreus middle third. 

The upper porzian ef the trapezius, 
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Fig 6.—Biceps mechanism for elevation of the arm. 


acting on the acromion, produces out- 
ward rotation of the scapula. The 
lower third of the trapezius, by its 
downward pull on the spine, stabilizes 
the scapula and adds to this rotation. 
Finally, the serratus anterior, as it 
pulls forward on the scapula, further 
accentuates the rotation. Once again 
the efficient force-couple mechanism 
is utilized for strength. During the 
first 30° abduction of the arm, the 
scapula may rotate outward or in- 
ward, or remain stationary. After the 
first 30° of motion, however, the scap- 
ula progressively rotates throughout 
the remainder of abduction. 


Scapulohumeral Rhythm 


With each 15° of abduction of the 
arm, ten degrees of motion occurs at 
the glenohumeral joint, and the other 


five degrees is due to rotation of the 
scapula on the thorax (Fig 9). The 
simultaneous movement of these 2 
bones produces a smooth rhythmic 
motion which is often referred to as 
scapulohumeral rhythm. Following 
fusion of the glenohumeral joint, 90° 
of abduction of the arm is possible if 
the humerus is abducted 30° with re- 
spect to the scapula at the time of op- 
eration. 


Scapular Support 


Scapular rotation during abduction 
not only adds to the total range of 
motion, but also enables the glenoid 
to remain in a position of firm opposi- 
tion to the humeral head. In full ab- 
duction, the glenoid completely sup- 
ports the humerus. Without scapular 
rotation, the shearing tendency be- 
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tween the humeral head and the gle- 
noid would favor inferior dislocation 
of the humerus. In effect, this some- 
times happens during a violent injury 
when the arm is passively abducted 
until the humerus impinges against 
the acromion. At that point, the hu- 
merus dislocates inferiorly and the 
limb assumes the position of erect 
dislocation. Reduction is easily ef- 
fected by traction applied in a ceph- 
alad direction. 


Length-Tension Relationship 


Further importance is attached to 
scapular rotation when the length- 
tension relationship of the deltoid 
muscle is considered. When the arm is 
at the side, the deltoid muscle is at 
rest length and is capable of gener- 
ating maximum tension when con- 
tracting. As the arm is abducted, the 
deltoid contracts and shortens. If the 
scapula is prevented from rotating, the 
developed force in the deltoid falls off 
sharply, and at 90° the force is barely 
sufficient to maintain the position of 
the arm. If, on the other hand, the 
scapula is allowed to rotate normally, 
the acromion constantly moves away 
from the deltoid insertion, thereby 
tending to maintain the deltoid 
nearer to its rest length. 

By measurement on the cadaver, 
the deltoid changes length from ap- 
proximately 19 to 13 cm, representing 
a 33% shortening. However, when the 
deltoid has shortened significantly, 
most of the weight of the arm is sup- 
ported directly by the glenoid, which 
has rotated under the humeral head 
(Fig 10). At 180°, only a small force 
exerted by the deltoid is necessary to 
maintain the arm. 


Acromioclavicular and 
Sternoclavicular Joints 


Having described the anatomy of 
the scapula and humerus and ana- 
lyzed the motions which occur at the 
glenohumeral joint and the scapulo- 
thoracic joints, we must consider two 
more important joints, the acromio- 
clavicular and the — sternoclavic- 
ular, in order to complete the descrip- 
tion of the shoulder joint complex. At 
its distal end, the clavicle articulates 
with the anterior margin of the acro- 
mion. This acromioclavicular joint, 
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though surrounded by a rather dense 
fibrous capsule, is not strong, and re- 
quires two additional stout ligaments 
to enable it to withstand the forces 
imposed on the joint during shoulder 
motion. These ligaments are the co- 
noid and the trapezoid, which are col- 
lectively referred to as the coracocla- 
vicular ligaments. These ligaments 
suspend the scapula from the clavicle 
and transmit the force generated by 
the clavicular portion of the trapezius 
muscle to the scapula. 

The oblique direction of the fibers 
of the trapezoid ligament would seem 
to indicate that the clavicle acts as a 
strut to hold the scapula away from 
the midline of the body. Studies car- 
ried out with patients following re- 
moval of the clavicle indicate no 
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Fig 10.—Deltoid shortening during elevation of the arm. 
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impairment of shoulder motion. The 
scapula remains well out on the tho- 
racic wall during abduction, and 
scapulohumeral rhythm appears nor- 
mal. Only when weight is supported 
over the head is minor instability 
seen in these individuals. Deltoid 
function is also not impaired during 
abduction of the arm, provided that 
the deltoid muscle is sutured to the 
trapezius at the time of claviculec- 
tomy. 

The clavicle articulates with the 
manubrium at its proximal end. The 
resulting sternoclavicular joint, like 
its counterpart, the acromioclavicular 
joint, derives strong reinforcement 
from an adjacent ligament, in this 
instance the costoclavicular. This lig- 
ament transmits the pull of the cla- 
vicular portion of the sternocleidomas- 
toideus muscle to the first rib, and, 
by binding the proximal clavicle to 
the first rib, permits a significant de- 
gree of gliding motion to occur at the 
sternoclavicular joint during shoulder 
motion. If partial claviculectomy is 
performed, attention should be di- 
rected to these three clavicular liga- 
ments in order to provide maximum 
function and stability to the remain- 
ing clavicular segments.* 


Clavicular Angulation 


As noted, the scapula rotates out- 
ward 60° during full abduction of the 
arm. Because of the intimate attach- 
ment of the scapula to the clavicle, it 
is obvious that motion must also occur 
at the sternoclavicular joint. When 
the trapezius contracts, the entire 
shoulder girdle is elevated. Since the 
clavicle is anchored to the first rib, the 
center of rotation for this angulation 
is at the costoclavicular ligament. 
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This upward movement begins early 
and is almost complete during the 
first 90° of abduction. For each ten 
degrees cf elevation of the arm to 
90°, there is approximately four de- 
grees of elevation of the clavicle. Be- 
yond 90° of abduction, further clavic- 
ular angulation is almost negligible. 
For practical purposes it can be said 
that 30° of angulation occurs at the 
sternoclavicular joint. 


Acromial Angulation 


The remaining 30° of scapular rota- 
tion is permitted by movement of the 
acromion with respect to the clavicle 
at the acromioclavicular joint. Ap- 
proximately 15° of this angulation oc- 
curs early in the phase of abduction of 
the arm and the other 15° after the 
arm has been elevated 135°. Between 
30° and 185° of abduction there is al- 
most no motion at this joint. Because 
of the intimate connection between 
the clavicle and the scapula provided 
by the coracoclavicular ligaments, it 
is difficult to understand how motion 
can occur at the acromioclavicular 
joint if these ligaments remain in- 
tact. Rotation of the clavicle about its 
long axis allows for this motion. 


Clavicular Rotation 


If viewed from its under or upper 
surface, the clavicle has a shape re- 
sembling a crank. As scapular an- 
gulation cccurs at the acromiocla- 
vicular joint, the coracoid process 
is pulled cownward and away from 
the clavicle. As this occurs, the taut 
coracoclavicular ligaments act on the 
outer curvature of the crank-like clav- 
icle and effect a rotation of the clav- 
icle on its long axis. During full ab- 
duction of the arm, 50° of axial 





rotation occurs. This crank-like ar- 
rangement of the davicle is indeed a 
unique arrangement, for it permits 
the scapula to remain intimately at- 
tached to the clavicle by allowing for 
a relative elongation of the coracocla- 
vicular ligaments. 

The importance of axial rotation of 
the clavicle is clearly seen when it is 
recognized that in the normal subject 
the arm can be actively abducted only 
to 120° when the clavicle is prevented 
from rotating. The implication is ob- 
vious when a method is being selected 
for repair of the coracoclavicular liga- 
ments. 

From the foregoing, it is evident 
that the shoulder joint complex is an 
intricate structure involving the in- 
teraction of four separate joints. Dis- 
turbance in function in any one of the 
joints is usually reflected in malfunc- 
tion of the others so that the synchro- 
nous scapulohumeral rhythm is lost. 
Disease or injury about the shoulder 
produces characteristic alterations in 
the pattern of movement, which, if 
understood, assist the physician in 
diagnosis and in adequate treatment 
of these disabilities. 
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Finger Joint Replacement 


A Review of the Present Position 


Adrian E. Flatt, MD (Cantab), FRCS, Iowa City 


Surgeons and engineers in collaboration 
studied biomechanical disturbances in the 
rheumatoid hand. Experiments with freshly 
amputated fingers, combined with mathe- 
matical models of finger movement, have es- 
tablished that there is a pin-axis of flexion- 
extension in the metacarpophalangeal (MP) 
joint. Forces active on normal and abnormal 
joint restraints have been examined, bearing 
forces and their resultant shear lines on the 
phalanx and metacarpal have been de- 


A great deal of surgical activity has mis- 
fired—the patients being the losers—be- 
cause it never occurred to the clinicians to 
consult an engineer before embarking on 
some ingenious venture. 

SIR HERBERT SEDDON, FRCS 


uring the last 12 years, a bio- 

mechanical laboratory for the 
study of hand function has been de- 
veloped in the Department of Ortho- 
paedics at the University of Iowa. 
This study would not have been pos- 
sible without the pioneering work of 
G. W. Fischer, PhD, and his appli- 


scribed, and the knowledge combined to 
consider the effectiveness of the various 
man-made joint substitutes currently avail- 
able. 

It is concluded that prosthetic substitution 
of the rheumatoid MP joint provides better 
function than fusion of the MP joints, but 
that prostheses are not suitable for long- 
term use in a solitary joint in an otherwise 
normal hand. 


cation of engineering principles to 
the design and testing of finger joint 
prostheses. 

Particular attention has been paid 
to the rheumatoid hand since practi- 
cally all disturbances of function can 
be found alone or in combination in a 
hand afflicted by rheumatoid disease. 
Throughout this time we have been 
fortunate in being able to work 
closely with our colleagues in the Col- 
lege of Engineering. Their knowledge 
and skills have helped us avoid the 
stricture of Sir Herbert Seddon 
quoted above. The work reviewed 
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here is confined to some aspects of the 
clinical and biomechanical knowledge 
we have acquired in our studies of 
the finger metacarpophalangeal (MP) 
joint and its replacement by pros- 
thetic devices. 


Experimental Apparatus 


Fundamental to any study of func- 
tional disturbances of the hand is a 
knowledge of basic engineering prin- 
ciples and a biomechanical apparatus 
that can be used to measure the ap- 
propriate indices in the human hand. 
Because it is not possible to accu- 
rately control or measure the tendon 
force inputs in the living hand, exper- 
imental work is necessarily confined 
to the use of amputated specimens. 
Specimens from the anatomical labo- 
ratories are useless because the pre- 
servative totally alters the quality of 
the tissues. Throughout the work re- 
ported here, only freshly amputated 
specimens preserved in a deepfreeze 
at —12 C have been used. 

We have developed a system, called 
the Ray Loading Apparatus (RLA), 
which will simultaneously load and 
unload the three extrinsic and three 
intrinsic tendons that control flexion 
and extension movements of a dis- 
articulated human finger ray (Fig 1). 

The electrically powered loading 
system consists of reversible, posi- 
tive, clutch-type, one rpm motors, 
which wind up tension lines that are 
attached to five tendons. By stretch- 
ing small steel springs in line with 
the tension lines, time-variable loads 
are applied to the tendons. The se- 
quential loading of the various mo- 
tors is accomplished by a 12-cam 
timer-controlled switching unit. This 
unit can be preset to control the se- 
quence and duration of each tendon 
load, independent of the remaining 
settings. 

By presetting the cams to simulate 
a particular type of finger motion, 
the loading profile results obtained 
for altered finger anatomy can be 
directly compared to that obtained 
for normal finger anatomy with the 
same loading. 

The output is measured by a fin- 
gertip force transducer (FFT). This 
measures the lateral and palmar com- 
ponents of a reaction force applied to 
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Fig 1.—Investigative apparatus: Dynograph (left background) with subject finger 
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silhouetted against recording paper. Six tendon inputs are linked to the electrically controlled 
input system. Motion in MP and PIP joints is recorded by four parallelogram linkages and 
two rotary potentiometers attached to finger. Tape recorder is used for time varying data, 
and oscilloscope for additional monitoring. Identical repetitive movements are produced by 
12-cam automatic timer contro! (center foreground). 


the tip of the finger, which balances 
the effect of the tension forces ap- 
plied by the electrical loading system 
to the tendons. 

An electrogoniometer to measure 
the MP and proximal interphalangeal 
(PIP) joint positions is integrated 
with the RLA. The voltage changes 
that correspond to changing flexion 
and extension of the MP and PIP 
joints are recorded simultaneously 
with the tendon loads. The joint posi- 
tion data are used to determine the 
interjoint angles, velocities, and ac- 
celerations at each increment of time. 
These values are combined with the 
tendon-loading data, and systemat- 
ically describe the patterns of motion 
for normal and abnormal fingers. 

An additional apparatus used is a 
motion analyzer which provides dis- 
placement and moment arm (distance 
from an axis which influences tend- 
ency to produce motion) information. 
Serial roentgenograms or a strip of 
cineradiographic film are projected on 
the view screen of the analyzer and 
the coordinates of various tendon 
wire markers are established with re- 
spect to metal reference markers in 
the bones. This apparatus is capable 
of locating points projected on the 


view screen to the nearest .00254 cm. 
The angle bezel of the analyzer deter- 
mines each of the joint angles. After 
a set of coordinates and a joint angle 
are established, the data are directly 
converted into digital punch card in- 
formation. By reducing the data from 
each roentgenogram in this manner, 
a complete record of tendon dis- 
placements and moment arms is es- 
tablished for both the extrinsic and 
intrinsic tendons. 


Mathematical Models 
of Finger Movement 


Although the MP joint and its sub- 
stitution are the subject of this re- 
view, it must be stressed that this 
joint cannot be considered in isola- 
tion, either in the laboratory or in a 
clinical situation. It is important to 
realize that changes which occur at 
one joint in an interconnected ana- 
tomical unit, such as the finger-hand 
complex, will directly affect the action 
that can be attained by other joints in 
the unit. The only way the perform- 
ance of the entire unit can be eval- 
uated is to accurately describe the in- 
terrelated effects of the various 
components and structures of the 
unit. It is therefore appropriate to 
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consider an amalvsis of the inter- 
phalangea! P" -omts when studying 
abnormalitice ef tae MP joint, and a 
mathematical de@arption of the en- 
tire system aifferis the greatest flexi- 
bility for a stadz 3f any anatomical 
changes. An ~dex study on a mathe- 
matical model that represents the 
finger allows =xamination of the ef- 
fect of ehang aw various anatomical 
features of the jager. These changes 
can be made ft cizeetly represent ten- 
don relocation ar jaunt alterations. 

The biomecmaric@ data obtained 
from laboratery studies of normal, 
freshly amputatec fingers supplied ob- 
jective measumemerts against which 
the development əf appropriate 
mathematical models could be 
checked and c attra ted. This combi- 
nation of exper mental studies and 
mathematical meces has allowed us 
to study the necme! WP joint, the ef- 
fects of alteram; on its restraints, 
and the effeet:veness of the various 
manmade subsite- currently avail- 
able. 


Preter-ies of 
Prosthet Supstitutes 


Any device aiferec as a substitute 
for a human fimees jeint must con- 
form to the folle ne requirements: 
(1) restore a funecier=! range of mo- 
tion, (2) provide =pprapriate stability, 
(3) provide a m=chanieal advantage 
equivalent to ‘ae nemmal, (4) seat 
firmly and resist ~ctetional stresses, 
(5) provide easy @mplantation, and (6) 
accommodate toar atamical size vari- 
ations. 

Prostheses ar wsedly made of 
metal thought to be Mert in human 
tissues, but in r=eeat years several 
devices made of tses “igid materials 
have been desigmse Fig 2). One cur- 
rently available = mede of silicone 
rubber (Swansom), arc another is 
made of similar m=‘ eri] but is coated 
with, and reinføre=€ », Dacron mesh 
(Niebauer). A ‘circ, produced in 
Great Britain, is made of polypropyl- 
ene (Calnan). 

The metal pres'ese¢ that we have 
used throughout ‘te years are made 
of 3165S extra-les sareon vacuum 
melt. Staining of -ae issues occurs 
around the prengs and hinges of 
these prostheses =ad vr those few 
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Fig 2.—Various prostheses, dorsal (left) and lateral (right) views. From top to bot- 
tom: Swanson type, Calnan type, Niebauer type, new design metal MP prosthesis (Flatt), old 
design metal MP prosthesis (Flatt). Note that in lateral view axis of rotation of new metal 
hinge is offset below level of prongs, in contrast to old design in which prongs are in line 


with axis. 


which have had to be removed, sam- 
ples of the stained tissues have been 
taken. Subjecting these to the ul- 
tramicroscopic electron probe has 
shown that the analyses of the tissues 
and of the prosthesis itself demon- 
strate a slight variation in the per- 
centage of composition. The pros- 
thesis itself was composed of 61% 
iron, 20% chromium, and 14% nickel; 
the stained tissue showed the follow- 
ing composition: iron, 52% to 59%; 
chromium, 29% to 36%; and nickel, 
12% to 13%. These minor variations in 
the elemental content are said to be 
related to the difference in tissue sol- 
ubility of the constituent metals. His- 
tological studies of the tissues around 
the prostheses and clinical follow-up 
of patients with these metal pros- 
theses have not shown any untoward 
foreign body reaction to these metal 
implants. 

I have been using finger joint pros- 
theses since 1957, and in this time 
have placed a total of 363 in the fin- 
gers and thumbs. In recent years I 
have begun to use the silicone rubber 
prostheses and at the time of writing 
have inserted 170 metal and 101 sili- 
cone prostheses in MP joints, and 77 
metal and 15 silicone prostheses in 
PIP joints. None of the silicone pros- 


theses have been removed. Twenty- 
five of the metal prostheses have been 
removed, 13 MP and 12 PIP. 

Errors in design of the metallic 
prostheses caused some problems 
early in this investigation, and in two 
prostheses the neck of the screw frac- 
tured. Redesign has overcome this 
problem. Fatigue in the metal has not 
been a major problem, but in a recent 
follow-up study of all our patients 
with prostheses, we have found two 
instances of fracture of the intra- 
medullary prongs. Both occurred in 
MP prostheses placed in the index 
fingers of a male and female rheuma- 
toid patient. In neither instance had 
the hands been subjected to unusual 
pressures or accidents, and both 
hands demonstrated the usual weak 
grip of the patient with chronic rheu- 
matoid disease. 

One prosthesis, which had been in 
place eight years, fractured through 
the IP prongs and the other, which 
had been in place five years, fractured 
through the metacarpal portion of the 
prongs. Metallographie studies of the 
fracture surfaces of the broken 
prongs showed normal and homo- 
geneous microstructure. Alternate 
crystalline and burnished areas, as 
well as indications of striations on the 
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fracture surfaces, implied that the 
fractures through the prongs had 
been progressive in mechanism. It 
was therefore concluded that these 
prongs broke because mechanical fa- 
tigue occurred after an excessive 
number of loading cycles. Modi- 
fication in the design of the prongs is 
under consideration. 

An additional factor in the design 
of a prosthesis is that the structural 
integrity of the hinge portion must 
be sufficient to resist the dorsovolar 
shearing force and the ulnar deviat- 
ing force normally sustained by the 
soft tissue restraints of the joint. We 
are convinced that a metal prosthesis 
can be built to withstand the forces 
present in all planes in a rheumatoid 
hand. 

The two types of silicone rubber 
prostheses have both been subjected 
by their developers to mechanical fa- 
tigue testing outside the human body 
and failure has not been reported 
after several millions of flex- 
ion/extension motions, yet both 
record fractures during clinical use. 

I believe this may be because their 
fatigue-testing devices have not, in 
fact, reproduced all the forces present 
in the human finger—in particular 
they have omitted the shear force 
which is always present, tending to 
create a palmar subluxation at both 
the PIP and MP joints. This is a force 
of considerable magnitude and can- 
not be ignored. 

The latest figures available in 
Swanson’s carefully conducted field 
study of his implant replacement of 
finger joints show that out of over 
3,400 implants reported, 30 have frac- 
tured, with a percentage fracture 
rate of 0.88. In his personal series 
of 358 implants reviewed, a fracture 
rate of 1.95% has occurred. It is 
his opinion that among the probable 
causal factors are inadequate release 
of subluxing forces and inadequate 
resection of bone. It may be that 
these forces tend to produce a shear 
line at the junction of the stem and 
central bar because of damage from 
either instruments or tiny spikes of 
bone present at the amputated sur- 
face of the metacarpal or phalanx. 
Niebauer has not yet reported any 
material failure with his type of 
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prosthesis in the human hand. 
Design Problems 


Still unresolved is the fundamental 
question of whether in this ctype of 
work we should strive for a mechani- 
cal reproduction of the human joint— 
a true prosthesis—or whether we 
should simply supply a spacer which 
separates the bone ends and provides 
a form around which scar can grow. 
In grosser terms this question is cur- 
rently being asked in relation to hip 
surgery. In the hand, my preference 
is for a prosthesis—or total hip re- 
placement—rather than a spacer—or 
cup arthroplasty. No matter which is 
used, there are two basic problems 
which have not yet been solved: 
whether or not the stems need a firm 
fixation in the body tissues and how 
to establish the best form of axis 
through which movement is to take 
place. 

The metal prosthesis whieh I used 
and the Dacron-covered prosthesis of 
Niebauer et al' strive for fixation of 
the stems in the medullary canals of 
the recipient bones. Thus, w-th a rela- 
tively firm tissue-prosthesis inter- 
face, the forces passing over the joint 
will aet more directly on the flexion- 
extension axis. Swanson,’ however, 
believes that the intrinsic flexibility 
of the implant material is é vital fac- 
tor. He states that scar encapsulation 
and movement are interrelated and 
important to each other, and he likens 
his implant device to a ball bear- 
ing which is contained and not re- 
strained. He therefore stresses that 
stem fixation within the bones is not 
necessary and may, perhaps, even be 
harmful. 

Sufficient time has not elapsed to 
compare the merits of these view- 
points. Twelve years’ experience of 
the two-pronged metal prosthesis has 
shown that settling with.n the bone 
does occur, and that occas*onally ecto- 
pic bone will appear around the sides 
of the hinge portion. It is possible 
that the fibrous ingrowth into the 
Dacron mesh on the stems of the Nie- 
bauer prosthesis will adequately an- 
chor the stems, and that the natural 
resilience of the rubber may absorb 
some of the force which leads to set- 
tling of the metallic prongs. 


Swanson’s concept of implant fix- 
ation by encapsulation implies that 
forces will be acting throughout the 
circumference and length of the re- 
cipient bones. Bone is a living tissue; 
it is constantly being replaced and it 
will react to unrelenting pressure 
from a foreign implant. The extent to 
which bone yields appears to be 
directly proportional to the degree of 
pressure placed upon it. It is possible, 
therefore, that over a period of years 
gradual widening or trumpet-shaped 
flaring of the medullary canals will 
occur leading to increasing looseness 
of the Swanson implant. The Calnan- 
Reis? polypropylene prosthesis is 
made of a relatively rigid material 
which will not adhere to biological tis- 
sues. The design is such that move- 
ment should be largely restricted to 
the hinge portion. 

The site of motion for flexion-ex- 
tension varies in the devices currently 
available. It is only in recent years 
that our work has shown that there is, 
in fact, a flexion-extension axis for 
the MP joint of the human finger. In 
our investigation we analyzed the 
path of motion generated by a refer- 
ence point on the proximal phalanx of 
the index finger during MP joint flex- 
ion. It was shown that this point path 
could be accurately approximated by 
a circle using the method of over- 
determined collocation.* 

We concluded that our experimen- 
tal techniques were reproducible, that 
the method of overdetermined collo- 
cation effectively analyzes the experi- 
mental data, and that the assumption 
of a fixed axis was verified. Although 
the data obtained from this experi- 
ment are for the MP joint of the in- 
dex finger, we believe that this fixed 
axis assumption can also be applied to 
the MP joints of the other fingers. We 
have recently shown that motion in 
the abduction-adduction plane also 
occurs through a fixed axis within a 
tolerance of 2% experimental error. 

Since it is now known that the hu- 
man MP joint has a fixed axis of flex- 
ion-extension, it would seem reason- 
able that a prosthetic substitute 
should also supply a fixed axis. Swan- 
son, however, believes that motion 
should take place not merely at the 
hinge area but also in adjacent por- 
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tions of each stem, and his implant is 
designed aceardiagly. 

If near-normal mechanics of the 
finger are t be restored, certain 
restrictions must be placed on the lo- 
cation of a joimt’saxis. The results ob- 
tained from analytical studies and 
from varying the ‘Jexion-extension 
axis of an esperimental prosthesis 
demonstrated tkat the dorsovolar 
level of the flesion-extension axis of a 
prosthesis is =f vital importance to 
the restoratim əf maximum func- 
tion.’ Followæ> studies of the origi- 
nal design of ear MP prosthesis have 
shown that a tunetional range of mo- 
tion and a norma mechanieal advan- 
tage do not alweys result from the 
implantation af -his so-called Flatt 
prosthesis. Refease er destruction of 
the insertions af the intrinsic muscles 
was also done in £ considerable num- 
ber of fingers cortaining these pros- 
theses. Theore-ically this operation 
should have beer of help, since it 
would remove an additional deform- 
ing factor. Climica experienee showed 
that the procedure kad no practical 
effeet and these was no significant 
lessening of the extensor lag at the 
MP jeint in these patients who had 
also had a retease of their intrinsic 
museles. 


Reciprocal Interaction 
of D zital Joints 


Predictions based on our mathe- 
matical models ef inger motion have 
been borne out -y elinical observation 
and serve to ses the vital impor- 
tance of the ~=cmrocal interaction 
between the MP and PIP joints.’ 
Landsmeer’s werk“ en the anatomy 
of the extensor me hanism of the fin- 
ger, and his eeacepts of the inter- 
related facters n movement of the 
finger, are fandmental to an under- 
standing of the problems of digital 
joint replacement. 

The codepend=nc= of these joints is 
Shown by a finger with an MP joint 
which has a goed range of motion 
starting from e=:ersion but is associ- 
ated with a redured range of motion 
in its PIP joint. If the range of mo- 
tion in the MIP jaint subsequently de- 
creases and alse starts from a flexion 
position, then a ~sciprozal increase in 
PIP joint range wil result and it will 
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Fig 3.—Alteration of prosthesis axis. Upper two prostheses are modifications used in early 
experiments. Lower adjustable prosthesis provides three testing positions. Distance between 
centers of three holes in head of two-pronged portion is .127 cm. (From Flatt”) 


commence at a greater degree of ex- 
tension than before. 

The two important factors which 
influence this interaction of the MP 
and PIP joint mechanics are the loca- 
tion of the flexion axis for either joint 
and the anatomy of the tendon sys- 
tem that couples the joints. We have 
previously reported our study of these 
factors by a static equilibrium analy- 
sis of the finger represented as a 
triarticular linkage with monoaxial 
joints.” This work showed the 
profound influence of shift of the 
flexion-extension axis on function 
through the MP joints. 


Dorsal Axis Location 


If the MP joint axis is shifted dor- 
sal to its normal location, it is found 
that the changes in the equilibrium 
requirements for the finger joints are 
significantly different than if the axis 
is shifted in a palmar direction. Dor- 
sal shift of the axis, in an otherwise 
normal finger, decreases the extensor 
moment arm and increases the pro- 
fundus moment arm. Since the 
geometry of the IP joints is un- 
changed, the equilibrium require- 
ments of these joints will remain the 
same even after the MP joint axis has 
been changed. In order to maintain 
the MP joint in equilibrium, for a dor- 


sal shift of the axis and a given pro- 
fundus tension, the extensor tension 
must be increased. This increase in 
tension imposed on the extensor ten- 
don at the MP joint will be directed 
into the median and terminal ten- 
dons. The IP joints will, therefore, be 
pulled to their end positions of exten- 
sion. Thus the dorsal shift of the MP 
joint axis tends to initiate a joint con- 
figuration of MP flexion and inter- 
phalangeal extension. 


Palmar Axis Location 


If the axis of the MP joint is 
shifted in a palmar direction, the 
extensor moment arm is. increased, 
thereby requiring less tension in the 
extensor tendon to balance the flexor 
moment resulting from the profundus 
tension. With a decrease in the exten- 
sor tension, flexion of the inter- 
phalangeal joints can be initiated 
more easily. If the axis were shifted 
far enough in a volar direction, it 
would not be possible to flex the MP 
joint until the IP joints had reached 
their end positions. 

In order to verify these clinical and 
analytical findings, we studied a vari- 
ety of axis levels in experimental MP 
prostheses with the RLA apparatus 
(Fig 3). Certain patterns of motion 
could be identified in association with 
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| Fig 4.—Joint flexion vs MP axis location. 

bs A particular mode of interjoint flexion corre- 
sponds to each axis location of adjustable 
MP prosthesis. For high (dorsal) axis loca- 
tion, a motion consisting of MP flexion with 
straight IP joints occurs. In intermediate lo- 
cation, full flexion of the MP and IP joints 
results. In low (volar) axis location, IP joints 
flex, while MP joint is maintained in exten- 
sion. (From Flatt and Fischer’) 


different axis levels (Fig 4). With the 
axis located close to the extensor ten- 
don, a motion of MP flexion with in- 
terphalangeal extension was initiated 
by profundus and extensor loads. Ex- 
tension of the MP joint required more 
extensor force than was required for 
à the normal ray. 

t Lowering the hinge to the middle 
ic of the three possible positions initi- 
ated full flexion of all three joints. 
The extensor tension required to ex- 
tend the MP joint for this palmar axis 
location was approximately 30% less 
than the value required for the high 
axis location. 

An extreme palmar location of the 
prosthesis axis produced a motion 
consisting of IP flexion and MP ex- 
tension. To maintain MP joint exten- 
sion with this axis, approximately 
65% less extensor force was required 
than for the high axis location. 


New Metallic 
Metacarpophalangeal Prosthesis 


| The combination of these clinical, 
analytical, and experimental findings 
have led to the design of a new MP 
prosthesis in which the flexion-exten- 
sion axis is offset in a palmar direc- 
tion in relation to the line of the stem 
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prongs. This modified design, shown 
in Fig 2, satisfies the biomechanical 
requirements violated by the current 
type and is currently undergoing clin- 
ical testing. 

Compromise is necessary in trans- 
lating the precise measurements of 
the laboratory to the substitute de- 
vices currently available for the hu- 
man finger joint. It is impossible to 
produce such a range of sizes that one 
would be available for all variations 
in human anatomy. Surgery is an im- 
precise art, and it is difficult to place 
prostheses at exactly the right level 
within a finger. The key to successful 
prosthetic implant is to constantly 
strive to place the dorsal portion 
of the stem immediately against the 
medullary surface of the dorsal cortex 
of the recipient bones. The variation 
in thickness of the average metacar- 
pal and phalangeal cortices is suff- 
ciently small to place the axis of rota- 
tion at & functional level, and the new 
metal MP prosthesis has been de- 
signed to accommodate this place- 
ment method. 


Silicone Rubber and 
Plastic Prostheses 


I have been unable to find any pub- 
lished accounts of experimental work 
relating the design of the various sili- 
cone rubber and plastic prostheses to 
normal human anatomy. We have ex- 
amined samples of these prostheses 
in our laboratory and find that, as a 
generalization, it can be said that 
neither of the current models of the 
silicone prostheses, nor the polypro- 
pylene type, placed the flexion-exten- 
sion axis of the MP joint at its normal 
anatomical position. The axis is 
placed relatively low, giving an im- 
balance in tendon forces in favor of 
the extensor mechanism. Thus pa- 
tients note that they can extend their 
fingers with relative ease and appar- 
ently are not aware that this ease of 
extension is purchased at the expense 
of flexion or gripping power. 

A significant problem which I have 
encountered on several occasions in 
my clinical use of the two silicone 
rubber models is a distinct tendency 
to hyperextension, both in the MP 
and PIP joints. These devices lack 
any form of mechanical stop to hyper- 


extension and therefore demand a 
perfect balance in the tendon forces 
passing over the joint. An intrinsic 
release operation is usually necessary 
during the insertion of prostheses at 
either joint level. This procedure lib- 
erates the extensor mechanism from 
a significant deforming force, but it 
also creates a situation in which the 
equilibrium of the three digital joints 
has to be maintained solely by the ex- 
trinsic tendons. Landsmeer’s work 
shows that such an inadequate con- 
trol system will seek an end position, 
and I believe that the hyperextension 
deformities we have encountered are 
the clinical expression of this me- 
chanical imbalance. In recognition of 
this problem, the metal prostheses are 
all made with a few degrees of flex- 
ion so that hyperextension cannot 
develop. 


Conclusions 


On the basis of 12 years clinical and 
experimental work, I believe that 
prosthetic replacement of digital 
joints in the rheumatoid hand is a 
reasonable, and better alternative 
than fusion of these joints. 

The six requirements for a pros- 
thesis are met by our two-pronged 
modification of the original Brannon- 
Klein prosthesis when it is implanted 
in the PIP joints of the fingers. An 
enlarged version of the PIP pros- 
thesis is not an acceptable replace- 
ment for the MP joint. Biomechanical 
and clinical evaluations of the MP 
joint mechanics and MP-PIP joint in- 
teractions have dictated a new design 
for the MP joint prosthesis. Restoring 
adequate finger movement and func- 
tion is possible through the use of the 
current PIP prosthesis in the pres- 
ence of good MP joints and with the 
new MP joint prosthesis in the pres- 
ence of good PIP joints. These metal 
prostheses have not been used suffi- 
ciently long for their limitations to be 
defined. The new generation of sili- 
cone rubber or polypropylene pros- 
theses have not yet been used for a 
sufficient time to exclude potential 
liabilities in material or design 
concept. 

It must be understood that no mat- 
ter what type of prosthesis is used, it 
cannot produce the precise action pro- 
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vided by the intr cate anatomical ar- 
rangement ef a nermal MP joint. Pre- 
cision can meer be supplied. If, 
however, the dnosthesis supplies sta- 
bility, has suficient integrity to resist 
the forces prt tarough the hand, and, 
in addition, has an are of motion 
which will swpl7 “unction, then a sat- 
isfactory resut cam be anticipated. 
We have fouac en our follow-up stud- 
ies that pinck st>ength before and af- 
ter metallic pres-hetic replacement of 
the MP joint p »w ffive years after im- 
plant has, in e‘be :t. doubled. Preopera- 
tive pinch str=r gth, in kilograms, was 
0.025 (tip), L24— @ateral), and 1.040 
(pulp). Postoperetive pinch strength, 
in kilograms. was 0.927 (tip), 2.206 
(lateral), and 2572 pulp). 

We do net ze% 12ve comparable fig- 
ures for eur patients with silicone 
rubber or plastic prostheses, and I do 
not believe otmers have yet published 
such informaticn Our biomechanical 
studies of these prostheses showed 
that the flemermextension axis is 
lower than toe normal anatomical 
site, creating + sicuation in which the 
extensor power s relatively good and 
the flexor pover is relatively weak. 
Our patients a7 Pleased because they 
can readily open tacir hands. The fact 
that they do net gam as much flexion 
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power as they would if the axis had 
been higher is not apparently a detri- 
ment to the level of function which 
the weak rheumatoid hand would 
wish to enjoy. 

Finally it must be emphasized that 
this discussion has been confined to 
the replacement of destroyed digital 
joints in the rheumatoid hand. I am 
still firmly convinced that the current 
state of the art does not justify 
wholesale and indiscriminate pros- 
thetic replacement of an individual 
digital joint in the otherwise normal 
adult hand. I have always regretted 
the use of prostheses in such condi- 
tions as traumatic arthritis, old dis- 
location, and Hansen disease. The 
long-term follow-ups invariably re- 
vealed functional disaster. Failure of 
the prosthesis or its migration out of 
the medullary canals is the inevitable 
result, and I believe that for the nor- 
mal adult hand, excisional arthro- 
plasty or fusion yield consistently 
better results than prosthetic replace- 
ment. 


Portions of this article are reproduced here 
with the permission of Butterworth & Co., Syd- 
ney, Australia. 

G. W. Fischer, PhD, assisted in the prepara- 
tion of this manuscript. 
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This Scanning Electron Micrograph (7000 X) is the first 3-dimensional view of a cell in an ulcerated duodenum. The 
center is completely denuded, surrounded by fairly well-preserved microvilli. This SEM photomicrograph was taken 
from a scientific exhibit which won the Hull Award as the “best exhibit on original research or instruction on a medical 
subject” at the A.M.A. Clinical Convention, November 26-29, 1972, in Cincinnati, Ohie. 
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management of peptic ulcer, gastritis, duodenitis, irritable bowel 
syndrome, spastic colitis and mild ulcerative colitis. 
Contraindications: Patients with glaucoma; prostatic hypertrophy 
and benign bladder neck obstruction; known hypersensitivity to 
chlordiazepoxide hydrochloride and/or clidinium bromide. 
Warnings: Caution patients about possible combined effects with 
alcohol and other CNS depressants. As with all CNS-acting 
drugs, caution patients against hazardous occupations requiring 
complete mental alertness (e.g., operating machinery, driving). 
Though physical and psychological dependence have rarely 

been reported on recommended doses, use caution in administering 
Librium (chlordiazepoxide hydrochloride) to known addiction- 


prone individuals or those who might increase dosage; withdrawal 
symptoms (including convulsions), following discontinuation of 
the drag and similar to those seen with barbiturates, have been 
reported. Use of any drug in pregnancy. lactation, or in women of 
childbearing age requires that its potential benefits be weighed 
against its possible hazards. As with all anticholinergic drugs, 

an inhibiting effect on lactation may occur. 

Precautions: In elderly and debilitated, limit dosage to smallest 
effective amount to preclude development of ataxia, oversedation 
or confusion (not more than two capsules per day initially; in- 
crease gradually as needed and tolerated). Though generally not 
recommended, if combination therapy with other psychotropics 
seems indicated, carefully consider individual pharmacologic 
effects, particularly in use of potentiating drugs such as MAO 
inhibtors and phenothiazines. Observe usual precautions in 
presence of impaired renal or hepatic function. Paradoxical 
reactions (e.g., excitement, stimulation and acute rage) have been 





m@ TheTireless Man 


whose duodenal ulcer needs a rest 


Up early, home late, often with a scratch pad filled with notes, figures, plans. A few hours’ 
seep and tien another long day. This is often the routine of the tireless hard-driver, one- 
rnan committee with enough overwork and stress to wear out several men. But his duodenal 
Ulcer may warn him with sharp discomfort that he had better ease up, let some things go, 
amd give himself—and his ulcer—a rest. 


‘The need to reduce G.I. 
hypermotility and hypersecretion 


Cverwork together with overanxiety are often principal factors in exacerbating a duodenal 
utcer. To help reduce the increased gastric secretions and hypermotility, therapy may need 


be highly useful. 


af duodenal ulcer 





reported in psychiatric patients. Employ usual precautions in 
treatment of anxiet> stateswith evidemce of impending depression; 
suicidal tendencies mas be present and protective measures nec- 
essary. Variable effects an bloed coagulation have been reported 
very rarely in patiemts ~ece:ving the drug and oral anticoagulants; 
causal relationship aasaotbeen established clinically. 

Adverse Reactions: Nc sade effects or manifestations not seen 
with either compound atere have been reported with Librax. 

_ When chlordiazepoxid=hydrochloride is used alone, drowsiness, 
ataxia and confusiom ma” eccur. especially in the elderly and 
debilitated. These aze reversible in most instances by proper 
dosage adjustment, sutare alse occasionally observed at the 


lower dosage ranges Ir a fw instances syncope has been reported. 


Also encountered am isolated instances of skin eruptions, edema, 
minor menstrual irregtari ies. nausea and constipation, extra- 
pyramidal symptom, imereased and decreased libido—all in- 
frequent and generally -ancrolied with dosage reduction; changes 


te include treatment for associated undue anxiety—which is where dual-action Librax can 


‘The dual nature of Librax 


Cnly Librax combines, in one capsule, the antianxiety action of Librium® (chlordiaz- 
epoxide HCI) and the antisecretory action of Quarzan® (clidinium Br). As an adjunct toa 
therapeutic regimen, Librax may help relieve both somatic and associated anxiety factors 
‘Fat eften contribute to the exacerbation of duodenal ulcer symptoms. 


Up to 8 capsules daily in divided doses 


F5roptima response, dosage should be adjusted to your patient’s requirements—1 or 2 
capsules, 3 or 4 times daily. Rx: Librax #35 for initial evaluation of patient response 
cc therapy. Rx: Librax #100 for follow-up therapy—this prescription for 2 or 3 weeks’ 
‘medication can help maintain patient gains while permitting less frequent visits. 


For the anxiety-linked symptoms 


adjunctive Librax e 


Each capsule contains 5 mg chlordiazepoxide HCI 
and 2.5 mg clidinium Br. 


in EEG patterns (low-voltage fast activity) may appear during 
and after treatment; blood dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been reported occasionally 
with chlordiazepoxide hydrochloride, making periodic blood 
counts and liver function tests advisable during protracted 
therapy. Adverse effects reported with Librax are typical of anti- 
cholinergic agents, i.e., dryness of mouth, blurring of vision, 
urinary hesitancy and constipation. Constipation has occurred 
most often when Librax therapy is combined with other spas- 
molytics and/or low residue diets, 
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Now! Microbicidal power 
In convenient 


BETADINE ‘disposables’ 


BETADINE Antiseptic Gauze Pad 
BETADINE Solution Swabsticks 
BETADINE Solution Swab Aid 
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BETADINE Antiseptic Gauze Pad  leumumamemmmne 


Topical microbicidal dressing (3” x 9”) 

impregnated with the same active ingredient as in BETADINE 
Solution...for prevention and treatment of surface infections 
...degerming the skin and disinfecting wounds, burns, 
lacerations and abrasions. 






BETADINE 


Solution Swabsticks 
Antiseptic applicator tips for 
hard-to-reach smaller sites, in- 
cluding folds and creases. Use for 
degerming the skin prior to injec- 
tions, aspirations, surgery, uri- 
nary catheterization; in disinfection of skin 

in minor wounds; in preoperative oral tissue 
degerming; preparing skin for dressing changes. 
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Solution Swab Aid uuu, 
Small single-use antiseptic pad for prompt degerming of ge. 
small skin areas prior to such procedures as injections, - i 
aspirations, catheterization and surgery . . . and in cuts, % P7 S 
minor wounds, burns, lacerations and abrasions. Seca 
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Gastroesophageal Erosions 
and Ulcerations 


Experimental Studies 


Carlos Carrasquilla, MD; Arthur Weaver, MD; 
Disamodha C. Amarasinghe, MD; Alexander Rota, MD; 


An animal model has been developed to 
study several factors which, in the clinical 
setting, are frequently found to be associ- 
ated with “stress bleeding.” The effects of 
negative nitrogen balance, recumbency, and 
indwelling Levin tube each have been eval- 
uated singly and in various combinations. 
Singly, these insults did not significantly af- 
fect the gastric mucosa. In various combina- 
tions, however, they produced a clear-cut 
and sometimes florid picture of erosion gas- 
tritis and esophagitis. These adverse muco- 
sal changes were prevented in animals in 
which the negative nitrogen balance was 
corrected by hyperalimentation, and gastros- 
tomy was used in lieu of Levin tube drain- 
age. 


Hypostatic pneumonia has been called 
the bedsore of the lung. If “bedsore’”’ is 
used in this comprehensive sense, we 
should probably include the acute ulcers of 
the gastrointestinal tract that sometimes 
arise under the same conditions as these 
lesions of skin and lung. . . . The gravest 
manifestations of this include the break- 
down of a protective epithelium—whether 
of skin, bronchial tree, or gastrointestinal 
tract.’ 


™ 


pper gastrointestinal tract bleed- 

ing of the so-called stress vari- 

ety has become a common occurrence 
in clinical practice. Although the etio- 
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logical entities are clearly diverse, 
recumbency, negative nitrogen bal- 
ance, and nasogastric intubation are 
three commonly associated factors. In 
seeking to dissect the potential 
causes, we have postulated that while 
the contribution of each of these fac- 
tors individually may not be decisive 
in producing mucosal damage, the 
presence of more than one may have 
a synergetic effect and produce sig- 
nificant gastric or esophageal ulcera- 
tion in the clinical setting. The fol- 
lowing experiments were designed to 
produce an animal model with fea- 
tures comparable to those encoun- 
tered in patients who have developed 
“stress” ulceration of the stomach, 
and to study the influence of each fac- 
tor singly and in various combina- 
tions. 


Procedures and Methods 


Mongrel dogs weighing 18 to 22 kg were 
used. All procedures were performed under 
sterile conditions. Sedation was obtained 
by intravenous administration of pento- 
barbital sodium and acepromazine ma- 
leate. Plasmapheresis was used to produce 
negative nitrogen balance. This was ef- 
fected by inserting a sterile plastic can- 
nula through the external jugular vein into 
the superior vena cava. The cannula, hav- 
ing been passed through a tunnel in the 
subcutaneous tissue, was exteriorized on 
the back of the neck and fastened to the 
skin with silk sutures. A three-way stop- 
cock, inserted into the end of the cannula, 
was used both for bleeding and infusion, as 
needed. Six aliquots of whole blood (200 ml 
each) were removed slowly and inter- 
mittently on each of four consecutive days. 
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Fig 1.—Number of dogs developing ul- 
cerations of esophagus or stomach or both. 
P represents plasmapheresis; T, Levin tube; 
R, recumbent position; and V, ventilatory 
assistance. 


Fig 2.—Gross specimen of esophagus and 
stomach with typical erosions as feund in 
dogs subjected to plasmapheresis, re- 
cumbency, and Levin tube drainage (group 


1). 


Summary of Biochemical and Hematological Changes 


Serum proteins* (with plasmapheresis) 
Serum proteins (without plasmapheresis) 
‘Weight (with plasmapheresis) 
Weight (without plasmapheresis) 


T 
Serum sodium 
Serum potassium 
Serum chloride 


Average, % aba % 
110- $15 
+ 3- 425 
4 6- +12 


Tis 
+ 8.2 
L 8.8 


ao limits 
Normal limits 
Normal limits 





* Serum albumin levels paralleled those of total proteins. 


The blood was centrifuged until complete 
separation of the plasma and the red blood 
cells was apparent. The plasma was then 
discarded and replaced by an equal quan- 
tity of Ringer’s lactate; this cell suspension 
was then reinfused. 

A piston-volume respirator connected to 
a cuffed endotracheal tube was used for 
ventilation of the lungs during surgical 
procedures and where otherwise required 
in the protocol. Recumbency on the left 
side was sustained for 48 hours in all cases. 

Levin nasogastric tubes were inserted 
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through the piriform sinus into the stom- 
ach and anchored by sutures to the skin of 
the neck. 

All dogs were weighed daily. Laboratory 
values were determined for hemoglobin; 
white blood cell count; blood urea nitrogen; 
serum proteins; albumin; and serum so- 
dium, potassium, and chloride. Gastric 
juice was analyzed daily in each animal for 
sodium, pH, and the quantity of acid pro- 
duced. All animals were killed on the fifth 
day and complete autopsies were per- 
formed. Tissue sections were taken from 





Fig 3.—Esophagus with linear erosion and 
superficial ulceration. 


Fig 4.—Gastroesophageal junction of dog 
from group 1. Note multiple erosions. 





all major organ systems and histologically 
examined. 


Results 


Forty-five dogs, each studied for 
five days, were divided into nine 
groups and the following results were 
obtained (Fig 1). 

Group 1.—Five dogs underwent 
plasmapheresis, had an indwelling 
Levin nasogastric tube, and were 
kept recumbent in the left lateral po- 
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Fig 5.—Photomicograoh of dog stomach 
wail. Note edemeteus clubbing of surface 
mucosal prejeetions and supericial erosion 
of gastric mucosa, with inéiltration by 
mononuclear arz plasma cells (hematoxy- 
lin-eosin, ogiaz nsagnification x 100). 


Fig 8.—hemeheagic ulcers in human 
esophagus. _esicns as=:typical of those pro- 
duced in dogs b» sde holes of Levin naso- 
gastric tubes Commected to low suction. 
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Fig 6.—Round ulcers in dog stomach 
which coincide with side holes of Levin tube 
connected to low suction. 


Fig 9.—Erosive changes in gastric mucosa 
of animal subjected to plasmapheresis and 
recumbency without Levin tube drainage 
(group 8). Observe edematous thickening of 
mucosal folds and glistening appearance of 
mucosal surface. 





t "i 


-o 
Fig 7.—Stomach and esophagus from pa- 
tient who died of stress bleeding. Note sim- 
ilarity of gastric and esophageal lesions to 
those produced in experimental animals 
(Fig 2-4, 6). 





sition. All five animals developed gas- 
troesophageal ulcerations and bleed- 
ing (Fig 2). In addition, generalized 
edema of the stomach wall and ulcer- 
ations of the esophagus, the body, and 
the fundus of the stomach occurred; 
the antrum was largely free of ul- 
ceration. The gastric ulcerations were 
multiple, superficial, and often 
showed evidence of recent active 
bleeding and attached blood clot. The 
esophagus was denuded of epithelium 
over many large areas, frequently in 
a linear pattern (Fig 3 and 4). All 
these animals had atelectasis and 
pneumonia of the dependent lung. 
Histological examination of the stom- 
ach revealed edematous clubbing of 
the gastric mucosal folds and super- 
ficial erosions with infiltration by 
mononuclear and plasma cells (Fig 5). 

Group 2.—Five animals were 
treated similarly to group 1 dogs in 
that they were kept recumbent and 
had plasmapheresis and Levin tube 
drainage. In addition, however, they 
received ventilatory assistance 
through a cuffed endotracheal tube. 
Atelectasis and pneumonia were ef- 
fectively prevented by the ventila- 
tory assistance, but ulceration and 
hemorrhage identical with that of 
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Fig 10.—Number of dogs developing ulcerations of esophagus, stomach, or both. F repre- 
sents plasmapheresis; T, Levin tube; R, recumbent position; N, nutritional solutions; and G, 


gastrostomy. 


group 1 were found in four of the five 
dogs. 

Group 3.—Five animals underwent 
plasmapheresis only. No gastric or 
esophageal ulcers occurred and no 
pneumonia developed. 

Group 4.—Five animals had indwell- 
ing Levin tubes only. Except for very 
superficial erosions at the gastro- 
esophageal junction, no significant ul- 
cerations were found and no pneu- 
monia developed. 

Group 5.—Five animals were se- 
dated as described and kept in a left 
lateral position for 48 hours without 
plasmapheresis or Levin tube. All 
these animals were also free of ul- 
cerations and pneumonia. 

Having demonstrated that plasma- 
pheresis, Levin tube drainage, or 
recumbency, when employed individ- 
ually, did not produce gastroesopha- 
geal erosions in our animals, it was 
decided to study these factors in vari- 
ous combinations. 

Group 6.—Five animals were 
treated by plasmapheresis and Levin 
tube drainage, but were permitted to 
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move about freely. Four of the five 
animals in this group developed the 
typical ulcerations of group 1 ani- 
mals, but the mucosal changes were 
much less severe. 

Group 7.—Five animals had Levin 
tube drainage and were kept m a left 
lateral recumbent position, but plas- 
mapheresis was not added. All five 
animals in this group developed 
atelectasis and pneumonia of the de- 
pendent lung and showed typical 
esophagogastric ulcerations. 

Group 8.—Five animals were 
treated by plasmapheresis and were 
kept in a left lateral recumbent posi- 
tion. No Levin tube was used. Pneu- 
monia occurred in one of the five ani- 
mals. Three animals developed the 
typical gastric and esophageal ulcera- 
tions of a moderate degree. 

Group 9.—Five animals were 
treated by plasmapheresis ard were 
kept in a recumbent position without 
a Levin tube. In addition, they were 
assisted by a volume respirator, which 
effectively prevented atelectasis and 
pneumonia. Typical ulceration  oc- 





Fig 11.—Gastrostomy and hyperalimenta- 
tion effectively prevent erosive gastritis and 
esophagitis as produced by plasmapheresis, 
recumbency, and Levin tube drainage in ex- 
perimental dog model. 


curred in three of the five animals, 
again of only a moderate degree. 


Laboratory Studies 


The biochemical and hematological 
changes are summarized in the Table. 

Complete autopsies were per- 
formed on all 45 dogs. The significant 
changes, aside from those of the 
stomach and esophagus, may be sum- 
marized as follows: Lungs: All dogs 
that had an indwelling nasogastric 
tube and were kept recumbent devel- 
oped classical changes of bron- 
chopneumonia in the dependent lung 
unless a volume ventilator was used. 
All the plasmapheresed dogs that did 
not have an indwelling nasogastric 
tube had bilateral interstitial edema 
of both lungs, but no pneumonia. 
Spleen: Passive congestion was evi- 
dent in the plasmapheresed dogs, 
which were kept recumbent. Duode- 
num: Edema was present in the plas- 
mapheresed dogs, but no ulceration 
was present. 

Special attention was paid to the 
remainder of the intestinal tract, the 
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pancreas, live, and adrenals; no re- 
markable chat xes were observed. 
Senment 

With the d=,eopment of modern 
methods of resuscitation, intensive 
care units, anc crgan system support, 
the incidence of eros-ve gastritis has 
increased marzed y ia critically ill pa- 
tients.” In the clmical setting, there 
does not appe= zo be any one con- 
stantly identñab e etiological event, 
but rather a seres of contributory 
factors, each =cding its own incre- 
ment. A mimber of animal models 
have been dev sec tø study stress ul- 
ceration, but few mimic the internal 
milieu of the petients whom we treat. 
Seeking to imitace the clinical situ- 
ation at least F part, we have studied 
in the dog the 2fects of negative ni- 
trogen balance recumbency, and an 
indwelling Lein tune, individually 
and in conmbin=tien. Singly, each in- 
sult did not afleet the gastric mucosa 
significantly. Together, these factors 
produced a clear--ut and sometimes 
florid picture =f acuwce erosive gas- 
tritis and seemed perhaps to act 
synergeticaily. Ary two faetors act- 
ing together were liable to produce 
similar but less sewere changes. These 
observations have also raised critical 
questions concerning the use of naso- 
gastric tubes, w thor without suction. 
Although the pote atial hazards of in- 
dwelling nasog=stzic tubes have been 
commented upa ia the past,’ the sig- 
nificantly incressel capacity of tubes 
for eausing mucosal damage in the 
critically ill pat ən- has not been ade- 
quately examired. While in our ex- 
periments Levi tabes alone did not 
produce esophazeal ulceration in the 
normal dog, thë eoexistence of nega- 
tive nitrogen balance or prolonged 
recumbency appeared =o lower the re- 
sistance of the esephageal and gastric 
mucosa to the poirt where gross de- 
nudation of epithelium occurred and 
linear ulcers developed along the 
course of the tube. In some dogs (not 
included in tme experiments de- 
scribed) in whor ow pressure suction 
was applied to the nasogastric tube, 
round ulcers veloped coincident 
with the side hoses :n tae tube (Fig 6). 
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These changes occurred with soft 
tubes, whether made of plastic, red 
rubber, or silicone elastomer. Stimu- 
lated by these observations, we have 
looked for and found virtually identi- 
cal lesions at autopsy in a few pa- 
tients who have died with stress ul- 
cers of the stomach (Fig 7 and 8). 

Erosive changes in the stomach but 
not in the esophagus occurred in the 
absence of a Levin tube when nega- 
tive nitrogen balance and recum- 
bency were present (Fig 9). In these 
circumstances, the gross edema of the 
gastric wall, resulting at least in part 
from changes in oncotic pressure and 
stasis, may possibly cause micro- 
circulatory change with a consequent 
reduction of mucosal resistance. 
These observations led to the study of 
the possible prophylactic effect of hy- 
peralimentation in the prevention of 
erosive gastritis and also the use of 
gastrostomy to avoid the harmful ef- 
fects of the nasogastric tube in the 
dog who is in negative nitrogen bal- 
ance. 

Using the same methods employed 
above, the influence of hyperalimen- 
tation and gastrostomy in the pre- 
vention of erosive gastritis was stud- 
ied in an additional 35 dogs. 

Group A.—Five dogs had a gastros- 
tomy established, using a soft, rub- 
ber, open-ended tube with a 3-em 
head inserted into the antrum. This 
tube did not have a protruding tip, 


which might cause local ulceration by 


pressure. These dogs were kept re- 
cumbent for three to five days dur- 
ing which they received 20 ml/kg 
Ringer’s lactate solution daily. 

Group B.—Five dogs were prepared 
in a similar manner to those in group 
A except that daily plasmapheresis 
was carried out for four days. 

Group C.—Five dogs had a gastros- 
tomy alone. 

Group D.—Ten dogs were prepared 
in a similar manner to those in group 
B except that 30 ml/kg of a nutri- 
tional solution was given for the first 
two days, followed by 60 ml/kg on the 
third and fourth day (this solution 
was made up of 20% glucose and 
amino acids, supplying a total of 1 
calorie/ml and 6 gm of nitrogen per 
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1,000 ml. To each 1,000 ml of fluids 
was added 40 mEq of potassium, 44.6 
mEq of sodium bicarbonate, and mul- 
tivitamins. 

Group E.—Five dogs had a Levin 
nasogastric tube inserted, were plas- 
mapheresed for four days while in the 
recumbent position, and also received 
nutritional solution during this pe- 
riod. 

Group F.—Five dogs had a naso- 
gastric tube, were kept recumbent, 
and had nutritional solution. 

The results are shown in Fig 10. 

The observation that erosive gas- 
tritis did not occur when gastrostomy 
was used and positive nitrogen bal- 
ance was preserved cannot neces- 
sarily be extrapolated to man. The 
data derived from this study, how- 
ever, suggest the need for further 
clinical evaluation (Fig 11). 


Conclusions 


In the dog, an indwelling naso- 


gastric tube in the presence of 
recumbency and negative nitrogen 
balance is associated with gastro- 
esophageal ulcerations. These ulcera- 
tions can be favorably influenced, but 
not completely prevented, by hyperal- 
imentation. 

When, in the presence of recum- 
bency alone, gastrostomy is used in- 
stead of a nasogastric tube, ulcera- 
tion does not occur. However, when 
the factor of negative nitrogen bal- 
ance achieved by plasmapheresis is 
added, ulceration may develop. 

If, in the plasmapheresed recum- 
bent dog, negative nitrogen balance 
is prevented by hyperalimentation 
and gastrostomy is used instead of an 
indwelling nasogastric tube, ulcera- 
tion does not occur. 


This investigation was supported by the Vet- 
erans Administration Hospital research fund 
project 6885-02. 
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Cardiorespiratory and Pathologic 


Changes During Transtracheal 


Ventilation in Dogs 


Robert W: McDermott, MD, William A. Boyd, MD, Salt Lake City 


Eight dogs underwent assisted and con- 
trolled ventilation with either endotracheal 
tubes or 14-gauge intravenous catheters in- 
serted into the trachea via the cricothyroid 
membrane. Cardiovascular and respiratory 
data were collected and autopsies were per- 
formed to assess tissue damage, using 
gross pathologic and microscopic studies. 
The data showed no apparent trespass on 
physiologic functioning. Autopsies displayed 
trauma to the trachea for both ventilation 
methods. Transtracheal, ventilation did not 
cause significant anatomic damage and did 
not adversely impair the cardiopulmonary 
function in these dogs. 


Ron studies'* have shown that 
a catheter inserted through the 
tracheal wall can be used for ventila- 
tion during emergency resuscitation 
and certain operating room proce- 
dures. Transtracheal catheter ventila- 
tion is not a new idea. Ventilation of 
both dogs and man is possible by 
using high-pressure gas delivered in- 
termittently through an intravenous 
infusion catheter inserted trans- 
tracheally.** While this is a quick 
means for securing ventilation in an 
emergency, the method also has ap- 
plicability in the operating room for 
the patient with upper airway ob- 
struction. 

Previous studies*® in man con- 
cluded that continuous oxygen insuf- 
flation through standard intravenous 
catheters maintained oxygenation. 
However, respiratory acidosis became 
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clinically significant after approxi- 
mately one-half hour due to inade- 
quate carbon dioxide removal. Insuf- 
flation ventilation as well as apneic 
oxygenation and diffusion respiration 
have been studied by other authors.” ° 

It has been shown that spontane- 
ous ventilation through transtracheal 
catheters (standard, intravenous) in 
the presence of total upper airway ob- 
struction is not possible in adults. In- 
termittent insufflation utilizing ade- 
quate gas flow rates, volumes, and 
pressures maintains respiratory ex- 
change, and prevents respiratory aci- 
dosis." Only a high-pressure gas 
source can overcome the internal re- 
sistance of a catheter and associated 
tubing in obtaining an adequate ven- 
tilatory flow rate. Egress of the in- 
jected gas is rarely a problem unless 
there is complete obstruction to the 
outward flow of air; in this case, crea- 
tion of an exit route becomes neces- 
sary. Catheter insertion for resuscita- 
tion does not subject the patient to 
emergency tracheostomy, traumatic 
intubation, or gastric distension and 
lung hyperinflation during mask ven- 
tilation. On the other hand, patho- 
logic studies have shown subcutane- 
ous and mediastinal hemorrnage and 
emphysema, intratracheal hemor- 
rhage, perforation of the trachea pos- 
teriorly, traumatic vascular damage, 
and mucosal changes of the trachea 
after use of a catheter technique. 
Needle insertion via the cricothyroid 
membrane to spray local anesthetics 
for bronchoscopy over the past 50 
years has had a complication rate less 
than 0.05%.'*"* Use of an intratra- 
cheal catheter inserted percutane- 
ously for prevention and treatment of 


postoperative pulmonary complica- 
tions has had complication rates less 
than 1.0%.'*""* 

Further study is needed on the ef- 
fects of this form of ventilation on 
hemodynamics and the possible me- 
chanical damage to the trachea in- 
duced by high-velocity gas injection 
into the trachea and lungs. 


Materials and Methods 


Ten adult mongrel dogs weighing be- 
tween 15 kg and 24 kg were ventilated via 
endotracheal tubes or transtracheal cathe- 
ters. Anesthesia was induced intrave- 
nously with thiopental sodium (15 to 20 
mg/kg). The femoral vein and artery were 
cannulated to measure central venous 
pressure (with a water manometer) and 
arterial pressure. The arterial line trans- 
ducer and a computer substation (con- 
nected to a central digital computer facil- 
ity) in the laboratory, provided a means of 
analyzing the arterial pulse wave by the 
method of Warner et al.'® Analysis output 
included systolic, diastolic, and mean arte- 
rial pressures; heart rate; cardiac output; 
stroke volume; and peripheral vascular re- 
sistance. Blood samples withdrawn from 
the arterial catheter underwent blood gas 
analysis. 

Intravenous tubing, inserted through 
the dog’s mouth and vocal cords with use 
of direct laryngoscopy, was advanced into 
the trachea to serve as a pressure measur- 
ing catheter. Either a large U-tube water 
manometer or a venous transducer coupled 
to a visicorder measured intratracheal 
pressure. This catheter also allowed with- 
drawal at the end of expiration of tracheal 
gases for carbon dioxide pressure (Pco.,) 
and oxygen pressure (Po.) analysis. A 
large plastic tube served as an oral airway 
to prevent upper airway obstruction. A 
plastic mask over the dog’s snout collected 
expired gases for tidal and minute volume 
measurement. Three methods were used to 
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Fig 1.—Trar= tracheal ventilating apparatus. 


measure the velume of expired gas. Two 
methods used € ferent commercially avail- 
able spirometes and the third a simple 
gas collection faz. Results from all three 
methods were im agreement. 

A high-pressare agen source (50 to 60 
pounds per square imeh [psi]) drove a ven- 
tilator (designad by zhe authers [Fig 1)), 
which was eonrected to the transtracheal 
catheter. The >ush-button (on-off) valve 
system provided mtemmittent injections of 
gas through a shert =gment cf rigid tub- 
ing to the eatl=ter and into the trachea. 
The gauge and reducing valve ef the venti- 
lator allowed variativa of the line pressure 
between 20 psi end S0epsi. Another ventila- 
tor assisted ær emtrolled ventilation 
through the-ensecracheal tubes. 

After anes thetizimg-the dogs and placing 
the above-men-iened monitoring equip- 
ment, the 1&-g=uze intravenous catheter 
(with inner mee! sty et in place) was in- 
serted through the skin and ericothyroid 
membrane. Asparstier of air confirmed en- 
try into the trachea a‘ter which the stylet 
was removec and he external plastic cath- 
eter introduced farther into tie tracheal 
lumen. Depressing the hub of the catheter 
during introduction into the lumen helped 
insure a midtracheal lecation of the cathe- 
ter. 

Base line date values were obtained af- 
ter the dogs had respised room air sponta- 
neously for ene-tallf hour (first base line). 
The animal’s owm apper airway was main- 
tained pateni by the tube-oral airway. The 
ventilator was then atcached te the trans- 
tracheal catheter and assisted ventilation 
begun with 100= oxygen. The ventilator 
pressure was se at 1C, 20, and 30 psi for 
periods of 20 te 39 mmutes each. At the 
conclusien of these ventilation periods, the 
ventilater was detached from the catheter 
and the dog allewed -o breath room air 
spontaneously fer onehalf hour (second 
base line). Them succimyleholine chloride 
(0.3 mgAg) was = ven intraverously, the 
ventilator reattached to the catneter, and 
controlled ventilation begun with 100% 
oxygen. For conwelled ventilation, an in- 
spiratory period of 15 to 2.0 seconds was 
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used with an associated expiratory time of 
3.0 to 3.5 seconds. As before, ventilation 
proceeded at 10, 20, and 30 psi ventilation 
pressures for periods of 20 to 30 minutes 
each. 

Two cuffed endotracheal tubes were used 

to ventilate two dogs under the same ex- 
perimental conditions. Cuffs were deflated 
for five minutes every one-half hour. 
_ All dogs but one were killed immediately 
following the conclusion of the experiment. 
Autopsies revealed the position of the 
transtracheal catheter or endotracheal 
tube and the intratracheal pressure cathe- 
ter. Gross examination of the trachea, the 
soft tissues at the point of catheter entry, 
and the lungs was performed. After paraf- 
fin preparation, tissue samples of the lung 
and trachea underwent microscopic study 
in selected animals. 


Results 


Eight dogs furnished transtracheal 
data for analysis. Two animals pro- 
vided data with use of endotracheal 
tubes. Transtracheal catheter inser- 
tion proved to be simple and free of 
complications with insertion being 
performed within five to ten seconds. 
Likewise, the high-pressure ventila- 
tor was operated without difficulties. 
However, maintenance of strict im- 
mobility of the catheter, despite its 
being sutured to the animal’s skin, 
posed a distinct problem. Normal mo- 
bility of the animal’s skin allowed 
catheter displacement during the res- 
piratory cycle with the implications 
such motion has for tissue damage. 
Time needed to record data and occa- 
sional (five to ten minutes) unavaila- 
bility of the computer program led to 
nonuniformity of experiment length. 
Statistical analysis employed the Stu- 
dent t test. 

Cardiovascular Variables.—Heart 
rate, central venous pressure, and 
temperature were not significantly 
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Fig 2.—The effect of ventilating pressure 
on cardiac output and stroke volume during 
assisted (open circles) and controlled (solid 
circles) transtracheal ventilation. Zero pres- 
sure indicates base line (first and second) 
conditions as described in text. 


altered during the experiments. (The 
Table details data for variables not 
displayed on graphs.) A significant 
elevation of arterial blood pressure 
with increasing ventilation pressure 
occurred during assisted ventilation 
(P <.05—systolic, diastolic, and mean). 
There was a 30% increase in cardiac 
output (P <.1), 30% increase in stroke 
volume (P <.02), along with a 25% de- 
crease in vascular resistance (P <.1) 
during assisted ventilation as the 
ventilator line pressure increased to 
20 psi. No significant changes oc- 
curred with 30 psi and during the con- 
trolled ventilation period (Fig 2). 
Ventilation Data.—Ventilation peri- 
ods for the animals ranged from 2 
hours and 50 minutes to 5 hours and 
47 minutes. Initiation of assisted ven- 
tilation led to improved ventilation 
and a significant drop in the sponta- 
neous respiratory rate. The rate re- 
turned to higher levels once assisted 
ventilation was stopped. The pressure 
in the trachea increased with an in- 
crease in ventilating pressure, al- 
though at no time was a pressure 
recorded in excess of 25 em of H.O. 
During the inspiratory phase a vari- 
able amount of gas was found to exit 
from the dog’s mouth. This amount 
was found to increase with increasing 
ventilation pressures. (It is doubtful 
that significant entrainment of air 
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Fig 3.—The effect of ventilating pressure 
on tidal volume and minute volume during 
assisted (open circles) and controlled (solid 
circles) transtracheal ventilation. 
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Fig 4.—The effect of ventilating pressure 
on arterial Po,, Pco,, and pH during as- 
sisted (open circles) and controlled (solid 
circles) transtracheal ventilation. 


occurred via a Venturi effect.) 

Because of this “inspiratory out- 
flow,” it was necessary to correct to- 
tal measured expired air volume 
(values ranging from 250 to 1,200 ml) 
to obtain a value more closely ap- 
proximating tidal volume delivered to 
the animal’s lungs. Tidal volume did 
not increase significantly until venti- 
lating line pressure was 20 psi; there- 
fore, it is probable that 10 psi was 
inadequate to overcome the resist- 
ance to chest and lung expansion for 
dogs of these weights. This is par- 
ticularly true when the animal was 
paralyzed and not assisting with in- 
spiration. With both assisted and con- 
trolled ventilation there was a de- 
crease in minute and tidal volumes at 
10 psi followed by increases above 
base line values as ventilatory pres- 
sure increased (Fig 3). 

Blood Gas Data.—Oxygen pressure 
was raised to levels of 200 to 300 mm 
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Pressure (psi) 
Assisted 
Ventilation 


First Base Line 
Spontaneous 
Ventilation 10 


Measured 
Variable 


Heart rate, 
No./min 1 


Mean BP, 
mm Hg 
Vascular re- 
sistance, units 
Respiration rate, 
No. /min 


20 


30 130 140 140 130 
mm Hg 150 155 165 165 165 167 160 160 
Diastolic BP, 
120 135 


127 137 136 


Pressure (psi) 


Controlled 

Second Base Line _ Ventilation 
Spontaneous 

30 Ventilation 10. 20:30 


130 142 135 


136 135 135 





18 12 10 9 15 ay Pe 
4 7; peke:. ke 4 7 ER CIR 


Tracheal pressure, 
cm H,O 


Hg during transtracheal ventilation. 
(The Po, was, at all ventilatory pres- 
sures, less than would be expected 
considering 100% oxygen was the 
source of high pressure gas, and no 
entrainment of air occurred through 
the mouth.) Although no significant 
change in Pco, occurred during as- 
sisted respirations, the Pco, during 
controlled ventilation displayed both 
a significant rise at 10 psi ventilation 
(to 44 mm Hg) pressure and a fall at 
20 and 30 psi (to 28 mm Hg). At 30 psi 
respiratory alkalosis could be pro- 
duced. One animal ventilated at 50 psi 
quickly developed a Pco, of 16 mm 
Hg. There was no significant change 
in pH during assisted ventilation; 
however, during controlled ventila- 
tion, the pH fell to 7.30 (P <.05) at 10 
psi and then rose to 7.46 (P <.02) at 30 
psi (Fig 4). On several occasions dur- 
ing these experiments, end expira- 
tory gas samples were drawn through 
the intratracheal pressure measuring 
catheter. At the same time arterial 
blood samples were drawn for blood 
gas analysis. The Pco, values agreed 
within 3 to 4 mm Hg; however, the 
Po, values differed by 115 to 250 mm 
Hg with gas sample values in the 
range of 500 to 600 mm Hg and lower 
arterial values. This applied to both 
transtracheal catheter and endotra- 
cheal tube ventilation. 

Autopsy Results.—Gross pathologic 
examination of neck tissue, trachea, 
and lungs showed no damage to the 
lungs and no hemorrhage or other 
changes along the catheter tract in 


the dogs’ necks. The tip of the pres- 
sure measuring intratracheal cathe- 
ter was found to be within the 
trachea approximately 1 to 7 cm 
above the carina in all animals. The 
mucosa on the posterior aspect of the 
trachea, in the vicinity of the catheter 
tip, displayed variable changes con- 
sisting of petechial and eechymotic 
areas 1 to 2 cm in length surrounded 
by a larger hyperemic area, which de- 
creased as the distance from the cath- 
eter tip increased. In those dogs 
ventilated by endotracheal tubes, pe- 
techiae and hyperemia were noted 
where the cuff of the endotracheal 
tube was placed. One dog, examined 
three days after transtracheal venti- 
lation, showed nearly complete heal- 
ing with only a small 2-mm petechial 
spot remaining on the posterior tra- 
cheal wall. Microscopic review in 
areas of worst gross damage revealed 
mucosal hyperemia and loss of sur- 
face epithelium with submucosal 
hemorrhage, extravasation of red 
blood cells (RBC), and capillary con- 
gestion. 


Comment 


It appears that no harmful impair- 
ments of cardiovascular function oc- 
curred in the dogs during ventilation. 
The changes noted above probably re- 
flect improved ventilation (except for 
the respiratory acidosis seen at 10 psi 
pressure) and oxygenation of the ani- 
mal as well as reflex and stimulation 
effects secondary to the ventilation 
technique. 
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The base line period following the 
peried of assisted ventilation yielded 
data values that were in many in- 
stances sige icantly elevated from 
those base lme values obzained prior 
to assisted ~vertilation. This eleva- 
tion meant “here were nc significant 
changes du-™m¢ controlled ventila- 
tion. The obserwed increased end-ex- 
pired gas-aetevial Po, difference 
might have ~=flected impaired diffu- 
sion, venou.-arterial shunting, or 
ventilation/perfasion changes sec- 
ondary to th= njector form of venti- 
lation, the use of 100% oxygen, bron- 
chospastic df2cts, and the dog’s 
experimenta_ position. 

Extent of macieal damage appears 
partially nelac=d to length of ventila- 
tion and eataster position since the 
relationship = ventilation pressure 
and gas jet tows was not studied 
directly. Heeling appeared to pro- 
gress rapidly W= of this method for 
resuscitation =ricr to placement of an 
endotracheal tabe or tracheostomy 
tube would inkel~e shorter time peri- 
ods than this study (5 to 20 minutes). 
Selected shor surgical procedures 
might be perfumed with less trauma 
than other mecacds now used. 

Catheter in==rtion is accomplished 
easily and raped y. Maintenance of in- 
traluminal eatheter alignment and 
prevention of m-and-out movement 
remains a presen since this move- 
ment has the pctential fer causing 
damage. A premaded catheter would 
aid in mamtemiag the intralumen 
position. How=ver, it then becomes 
another piece cf equipment not neces- 
sarily available in an emerge2ncy situ- 
ation. Such a zstaeter could also be 
inadvertently rotated agzinst the 
tracheal wall. Beeause of meck skin 
mobility, fixattin will remain a prob- 
lem. This is o` questionable signifi- 
cance in short term ventilation dur- 


Arch Surg/ Val 1G Sept 1973 


ing an emergency when the ease and 
rapidity of catheter insertion fol- 
lowing minimal training would more 
than compensate for this difficulty. 
The hazards of neck extension for air- 
way maintenance in cases of cervical 
fracture are completely eliminated. 
Our dogs had completely unob- 
structed airways during trans- 
tracheal ventilation thus allowing 
large amounts of gas to flow out dur- 
ing inspiration (this gas did not par- 
ticipate in ventilation of the dog’s 
lungs). Any obstruction of the airway 
which impedes this inspiratory out- 
flow would only make more gas avail- 
able for lung ventilation from the 
transtracheal catheter. In the case of 
total upper airway obstruction, a sec- 


ond catheter could be inserted to pro- 
vide an exit path for the injected gas. 
The risk of regurgitation and aspira- 
tion is always present, for example, 
during a resuscitation. This risk is ac- . 
centuated when using a bag and 
mask. Since during transtracheal 
ventilation there is an almost con- 
stant outflow of gas from the glottis 
during both lung inflation and expira- 
tion, it would appear that this method 
provides some degree of protection 
against aspiration. 

The above results, then, confirm 
transtracheal ventilation as a tech- 
nique that neither seriously impairs 
cardiorespiratory functions nor 
causes significant anatomic damage 
in dogs. 
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Metabolic Acidosis, Stress, 


and Gastric Lesions in the Rat 
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Although gastric bleeding is a complica- 
tion of renal failure, little is known about the 
causative factors. The possible mechanistic 
role of metabolic acidosis was studied in rats 
made acidotic by ingestion of 1.6% ammo- 
nium chloride. Since patients with renal fail- 
ure may be in a stressed condition, the num- 
ber of gastric lesions produced was studied 
in rats with and without seven hours of re- 
straint stress. When arterial blood pH was 
reduced to 7.26, metabolic acidosis had no 
effect on the stomach. With a pH of 7.17, 
there was an increase in the number of gas- 
tric erosions in rats with restraint. Acidosis 
had no effect on gastric acid production or 
equilibration, on in vitro oxidative metabo- 
lism of gastric mucosa, or on gastric mor- 
phologic features in noneroded areas. These 
studies suggest that metabolic acidosis may 


-account in part for gastric lesions associated 


with renal failure. 


lthough gastric bleeding can oc- 
cur with posttraumatic or post- 
operative renal failure, little is known 
about the pathogenesis of the gastric 
lesions.° Hemodialysis has reduced 
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the incidence of gastrointestinal 
hemorrhage associated with acute re- 
nal failure.’ Possibly abnormal bio- 
chemical events secondary to renal 
failure may be responsible for the 
gastric abnormalities. Retention of 
organic acids and hydrogen ions is in- 
variably present in patients with 
acute renal failure,*’ and it is possible 
that metabolic acidosis may contrib- 
ute to the gastric bleeding associated 
with this condition. 

In this study, we have evaluated 
the effects of acidosis (ammonium 
chloride [NH,Cl] ingestion)* on the 
stomach. Rats were studied after ei- 
ther three or five days of NH,Cl in- 
gestion so that the severity of aci- 
dosis might be related to the 
development of gastric lesions. The 
effect of acidosis and stress on the 
stomach was also evaluated, since re- 
nal failure and stress ulcers may oc- 
cur together.?*° Wire mesh restraint 
was used as the stress model.*’® The 
effect of acidosis on in vitro exidative 
metabolism of gastric tissue slices 
and on gastric acid production was 
studied in the event oxidative metab- 
olism was depressed or hypersecre- 
tion of acid occurred with acidosis in 


the rat. The oxygen pressure (P0,) 
equilibration of gastric luminal fluid" 
was also studied in the event acidosis 
affected blood flow’** to the rat’s 
stomach and the Po, equilibration of 
that organ. 


Methods 


Control and experimental male Wistar 
rats were paired for size before division 
into experimental groups. (In conducting 
the research described in this report, the 
investigators adhered to the Guide for 
Laboratory Animal Facilities and Care, as 
promulgated by the Committee on the 
Guide for Laboratory Animal Facilities 
and Care of the Institute of Laboratory 
Animal Resources, National Academy of 
Sciences-National Research Council.) All 
rats used in each experimental subgroup- 
ing were housed under similar environ- 
mental conditions and the experiments on 
them carried out on the same day. Meta- 
bolic acidosis was produced by the inges- 
tion of a 1.6% NH,Cl solution.* Control rats 
received water ad libitum. 

Gastric Lesions.—The effect of acidosis on 
the stomachs of stressed and nonstressed 
rats was studied simultaneously. Control 
and acidotic rats were studied after either 
three or five days of ammonium chloride 
ingestion. Twenty-four hours prior to re- 
straint, both groups of rats were allowed 
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access to drisking fluid but not to food. 
The group of aonrestrained rats had its 
drinking filmic removed at the time the 
other group was placed in wire mesh re- 
straints meide= to fit the contour of their 
bodies. Seven boars later, all rats were de- 
capitated anc ‘heir stomachs excised for 
quantitation ef gastric lesions. All stom- 


_ achs were graced by the same investiga- 


tor who wes gmaware to which group the 
specimens bewazed. Lesions occurred in 
the glandular sortion of the stomach and 
were classifie@ 2s grade 1 or 2 erosions. 
Grade 1 les ons varied from minute, super- 
ficial areas wf p=echial hemorrhage to dis- 
crete, punct®ec out areas with clotted blood 
in the base O= microscopic examination, 
grade 1 lesions varied from small areas 
with less ef saperficial epithelium and 
congestion and t®morrhage in the lamina 
propria (petecuia. erosions) to larger areas 
with necrosis af tne upper two thirds of the 
gastric epithelmm and diffuse superficial 
hemorrhage (sumched out erosions). Le- 
sions were class fied as grade 2 erosions if 
they were greater than 1 mm in greatest 
dimension. Thes= lesions were usually lin- 
ear in shape, were located along the rugal 
folds, and Bae the same histological ap- 
pearance as the punched out erosions. 

Blood Chemis" Determinations.—Control 
rats and a@deuc rats were anesthetized 
with ether, ane soed was drawn from the 
abdominal sorta After arterial blood pH 
was measured the plasma was separated 
and analyzed mechanically for creatinine 
and osmolality 

Gastric Amalyses.—Gastric analyses were 


performed on separate days in unre- 










Table 1.—G=stric Lesions in Rats Given Ammonium Chloride and in Controls* 


Unrestrained 


Control Acidotic Control Acidotic 
At 3 Days 
No. 22 21 21 21 
Weight, gm 
Day 11621 11523 115+26 112+25 
Day 3 120+22 107+22t 118+24 103+22+¢ 
Erosions, Nc 
of lesiens: 
Grae 1 2.9+4 0 3.4£4.7 10.5+6.7 10.5+7.4 
Grade 2 0 0 0.10.2 0.2+0.4 
At 5 Days 
No. 21 ey Sap 24 29 
Weight, gm 
Day 5 203+18 201+16 199+16 198+15 
Day 5 212+18 186=15T 218+17¢ 183+18T 
Erosions, No. 
of lesions 
Grade I 3.7+4.5 5.0+5.1 11.3+9.4 22.3+19.88 © 
Grade 2 0 0 0 0.61.9 






strained or in restrained groups of control 
rats and acidotic rats that were not given 
food for 24 hours. The method of studying 
gastric secretion was a modification of the 
pyloric and esophageal ligation tech- 
nique." Rats were anesthetized with 
ether, the abdomen opened through a mid- 
line incision, and the esophagus and py- 
lorus were ligated. Four milliliters of iso- 
tonic saline was injected through a 27- 
gauge needle into the forestomach, and the 
abdomen was then closed. Acid secretion 
was also measured after one, three, and 
five hours in three groups of control rats. 
The rats were again anesthetized with 
ether and their stomachs were removed. 
The contents were emptied and measured 
for volume. Phenolphthalein indicator was 
added to a 2-ml aliquot of gastric fluid and 
titrated with 0.1N sodium hydroxide. Since 
it was more convenient to complete the 
gastric analyses with a four-hour collec- 
tion, and four hours has also been used for 
gastric collections in the rat with pyloric li- 
gation,’ experimental animals had their 
stomachs removed at that time interval. 
Another group of control rats and a group 
of experimental rats had 4 ml of a 40uKq, 
62uEq, or 80uEq/ml hydrochloric acid solu- 
tion injected into the stomach instead of 
saline to see if H* ion equilibration was al- 
tered with acidosis.” 

For studies of gastric luminal Po, equili- 
bration, stomachs were prepared as previ- 
ously described and were removed after a 
two-hour period." 

Mucosal Oxygen Uptake.—In vitro tissue 
respiration of mucosal slices from the gas- 
tric fundus was measured with a biological 






Restrained 




























* Probability rmperisons are made against day O for weight and against control rats for 


erosions. 


tT P<O1. + P<.001. 
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$ P <.02. 


oxygen monitor. Krebs-Ringer solution 
was used for the bath and was buffered to 
pH 7.40 with sodium phosphate. The tissue 
slice was divided in half so that specimens 
from the same rat could be studied in buf- 
fered Krebs-Ringer solution with and 
without the addition of 0.02M sodium suc- 
cinate. The substrate was added to in- 
crease oxygen utilization. Results are ex- 
pressed in microliters of oxygen per 
milligram of dry weight per hour. 

Gastric Morphology.—Sections of stom- 
ach were taken from 15 restrained rats 
and 15 unrestrained acidotic rats (who re- 
ceived 1.6% NH,Cl for five days) and their 
paired controls. The sections were fixed in 
buffered 10% formalin and then stained 
with hematoxylin-eosin and with PAS sul- 
fite leukofuchsin reaction. 

Presentation of Data.—Numerical data 
are expressed as a mean plus or minus 1 
standard deviation. Statistical significance 
was determined by the paired t test for tis- 
sue slice studies of mucosal oxygen uptake 
and by the unpaired ¢ test for all other 
studies. For calculation of mean pH, indi- 
vidual pH values were converted to hydro- 
gen ion concentrations, mean hydrogen ion 
concentration was determined, and this 
value reconverted to pH units. 


Results 


Gastric Lesions.—Restrained and 
unrestrained rats that drank ammo- 
nium chloride for three days had sim- 
ilar numbers of gastric lesions as con- 
trols. Acidotic rats lost 7.8%+10.2% 
of their body weight in three days 
(Table 1). Arterial blood pH was re- 
duced from 7.37 to 7.26 units (N=19 
pairs, P<.001) by NH,Cl ingestion. 
Plasma creatinine and osmolality 
were unchanged. 

When rats drank NH,Cl for five 
days, there was no change, compared 
to controls, in the number of gastric 
lesions in unrestrained animals. Af- 
ter seven hours in wire mesh re- 
straint, there was an increase in the 
number of grade 1, but not grade 2, 
erosions in the acidotic rats (Table 1). 
After five days of NH,Cl ingestion, 
weight loss was similar to that at 
three days (6.2%+8.3% of body 
weight, P>.4). Arterial blood pH was 
reduced from 7.37 to 7.17 units by 
NH,Cl_ ingestion (N=29 pairs, 
P<.001). Plasma creatinine level and 
osmolality were unchanged. 

Gastric Collections.—In control 
studies, acid concentration and out- 
put were significantly increased at 
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three and five hours. No statistical in- 
crease in gastric fluid volume oc- 
curred over the five-hour period 
(Table 2). 

In experimental studies, acidosis 
(after receiving NH,Cl for five days) 
and restraint did not influence gastric 
acid production (Table 3). The acidotic 
rats also had patterns similar to those 
of controls for absorption or secretion 
of acid when varying concentrations 
of acid were placed in the stomach 
(Table 4). 

The equilibrium of the partial pres- 
sure of oxygen in the gastric lumen of 
unrestrained and restrained rats was 
similar for control and acidotic rats 
fed NH,Cl for five days. In the ten 
unrestrained control rats, the two- 
hour gastric luminal Po, equilibration 
was 49.3+9.5 mm Hg, while in the ten 
experimental rats it was 45.3£8.7 mm 
Hg. For the 12 restrained control rats 
the gastric luminal Po, equilibration 
was 46.5+7.9 mm Hg, white in the 
12 acidotic restrained rats it was 
48.2+8.3 mm Hg. 

Mucosal Oxygen Uptake.—Acidosis 
(at five days of NH,Cl ingestion) and 
restraint had no effect on in vitro 
oxygen uptake of gastric mucosal 
slices (Table 5). 

Gastric Morphologic Changes.—In 
noneroded areas of the stomach, the 
morphologic appearance of gastric 
epithelium was similar in control and 
acidotic rats. The intensity and distri- 
bution of PAS reaction was also sim- 
ilar in control and acidotic rats. 


Comment 


Acidosis of adequate severity influ- 
enced the development of gastric le- 
sions in the restrained rat. A plasma 
pH of 7.26 in rats that drank NH,Cl 
for three days was not associated 
with an increased incidence of stress 
gastric lesions, but a pH of 7.17 after 
five days of NH,Cl intake did increase 
the number of gastric lesions with re- 
straint stress. Acidosis had no effect 
on in vitro oxidative metabolism of 
the acid-secreting area of the stom- 
ach, on gastric acid production or 
equilibration, or on the morphologic 
appearance in noneroded areas of the 
stomach. Since similar weight loss oc- 
curred at both three and five days of 
metabolic acidosis, it is unlikely that 
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Table 2.—Gastric Analyses* 


Probability 
1hr 3hr 5hr 
N=13 N=15 N=15 lvs3 lvs 5 3vs 5 
Weight, gm 206+17 20323 207+27 >.7 >.9 uk 
Volume, m! 4120.3 4.2+0.5 4:f-¢1:2 >.6 >.05 <1 
Acid 
concentration, 


HEq/ml 10+4 17=3 19+8 >.3 


Total acid content, 


<.001 <.001 













LEQ 39+18 7222 90+52 <.001 <.005 ae 
* Mean = SD. 
Table 3.—Four-Hour Gastric Collections* 
Jnrestrained Restrained 
Aaa 
Control Experimental Control Experimental 
N=12 N=12 N=10 N=12 
Volume, ml 4.5+0.5 4.4+0.6 4.0+0.3 4.1+0.4 
Acid concentration, 
KEq/ml 17.3+4.7 18.4£5.9 165 156 
Total acid content, 
HEq/hr 82+21 85+27 6420 6330 








* Values at five days of ammonium chloride ingestion. Control and experimental values 
were not significantly different. 


Table 4.—Gastric H* Equilibration* 


Acid Total Acid 
Concentration, Content, 
LEq/ml 4Eq 


Sreda d a i a a eee hn SN ne nn ne en ee eT 


40x“Eq/ml 
40.0 160 


O hour, N=5 
4-hrcontrol, N=11 38.2+6.4 159+36 
4-hr experimental 


N=13 


Volume, 


183+28 
>.05 


43.7+7.5 
>.05 


62uEq/ml 
O hr, N=5 


4-hr control, N=12 


4-hr experimental 
N=12 56.9+19.4 240+94 


P ’ >.2 aio 


80xHEq/ml 
O hour, N=5 


4-hr control, N=12 


4-hr experimental 
N=12 62.7+19.2 


P à >.05 


61.8 247 
49.8+10.4 224+43 


79.8 
51.7+9.9 


* Values at five days of ammonium chloride ingestion. 
+ Four-hour control vs experimental. 


Table 5.—Oxygen Uptake by Mucosal Slices* 


Unrestrained Rats Restrained Rats 


Control Experimental Control Experimental 


Krebs-Ringer 
solution 


55=2.4 6.32.6 6.0+2.0 6.0+2.2 


Krebs-Ringer 
solution with 0.02°M 


sodium succinate 71+2.9 6.82.2 7.6+2.6 7.2+2.8 





* In microliters per milligram o- dry weight per hour. There were 18 rats in each group. 
Control and experimental values were not significantly different. 


Metabolic Acidosis/Mullane et al 


weight loss wes a factor contributing 
to developmen: ef gastric lesions with 
restraint stress. 

Results cf other studies suggest 
that metabole azcidesis eould influ- 
ence the gasir c mucosa by causing a 
direct impaimme at of cellular metabo- 
lism, an Mereacee acid secretion or 
back diffusier of acid, or an altered 
gastric blood fow- Acidosis, alone or 
accompanying uremia and diabetes 
mellitus, aas bear shown to depress 
neuronal meta»elBm,'*-”’ bactericidal 
activity of the pulmonary alveolar 
macrophage “= gycolytic activity of 
polymorphonacdea: leukocytes,” the 
action of insal mam rat diaphragm,” 
and sodium trensport in the erythro- 
cyte.” Metaboli: acidosis increased 
gastrice add sec~etion in short-term 
experiments ‘2 Gogs,***’ but its effect 
on back diffusicm co acid has not been 
studied. Metebclic and respiratory 
acidosis have been reported to have 
varying effeets oa vascular resistance 


l. Balslov JF. Jergensen HE: A survey 
of 499 patients wits acute anuric renal in- 
sufficiency. Awe # Med 34:753-764, 1963. 

2. Lucas CE, 2 al Natural history and 
surgical dilemmao- “stress” gastric bleed- 
ing Arch Surry 12256-2738, 1971. 

Kleinkneeh: D & al: Uremic and non- 
uremic co ions in acute renal fail- 
ure: Evaluation e? ea ly and frequent dial- 
ve on prognosis. Fidney Int 1:190-196, 


4. Fischer RF, Stremple JF: Stress ul- 
cers in posi-traamatc renal insufficiency 
in patients frem Vietnam. Surg Gynecol 
Obstet 134: B0-8+, 1572. 

5. Lordon RE, 3wrron J: Post-traumatic 
renal failure ia nfi personnel in 
a asm Ame J Med 53:137-147, 


6. Elkingtom JE: Fenal acidosis. Am J 
Med 28:165-\65, 96. 

7. Schwartz WE, Rdman AS: Acidosis in 
ee) disease. X Engl J Med 256:1184-1186, 
1957. 


Biol 150:212+2125 29.6. 

10. Brodie D*. Harson HM: A study of 
the factors invdyəc m the production of 
paste. ulcers oy złe restraint technique. 

astroentercloew 28353-360, 1960. 

11. Mullane —¥, et &: Experimental bili- 
ary obstruction stress ulcer formation. 
J Surg Res 12:380-134 1972. 

12 Epstein R& et al: The effect of hy- 
percapnia om esti maced hepatic blood flow, 
circulating earic bleod velume, and 
hepatic sulfobremepathalein clearance 
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and blood flow in short-term experi- 
ments. With metabolic and respi- 


ratory acidosis, vascular resistance 


increased in the  pulmonary,?**° 
cerebral,” and renal**** vascular beds 
and decreased in the splanchnic 
bed.'*"* Blood flow was frequently un- 
changed or increased in the pulmo- 
nary and splanchnic circulations and 
decreased in cerebral and renal circu- 
lations. The effect of acute and 
chronic acidosis on gastric blood flow 
has not been studied. 

Metabolic observations of this 
study were limited to in vitro oxygen 
consumption of gastric tissue slices. 
Although metabolic acidosis had no 
effect on oxygen consumption, it is 
still possible that a marked reduction 
in pH could impair other aspects of 
cellular metabolism and increase the 
mucosal susceptibility to injury.* In 
vitro experiments with tissue slices 
and mitochondria have demonstrated 
that acidosis has no effect on oxygen 
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he controversial adenoma 


Dne of the most common 
“esions of the GI tract. Often 
asymptomatic. Often an 
ndication of the presence 
and/or development of more 
olyps. Ithas a much- 
ebated relationship to 
>olonic cancer. Some think 
t actually degenerates into a 
sarcinoma. Some think not. 
When polyps are present in 
he distal colon, the best way 
so find them is through con- 
rentional sigmoidoscopic 
®xamination. And, be they 


gently as possible, consider 
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Successful 24-Hour Preservation 


of the Canine Liver 


Clarence R. Petre MB, ChB, FRCS, John E. Woods, MD, Rochester, Minn 


Liver preservatios was attempted with 39 
canine livers. Df 36 orthotopically trans- 
planted livers. these were 17 failures be- 
cause of anesthetic owerdosage and respira- 
tory problems. Nineteen dogs receiving 
livers preserves 30` 24 hours were eligible 
for evaluation of success of preservation. 
Twelve of the 19 dag» survived 5 to 70 days 
after transplancaticn, mdicatirg successful 
preservation im most mstances. Factors that 
may have contributed to success were ad- 
ministration ef large doses of methyl- 
prednisolone tc tne conor prior to liver har- 
vest, a relaiwely simple and efficient 
transplantation teciniaue, low temperature 
of perfusion, and iadusion of high-dose 
methylprednisalone ia the perusate. 


pa Se pveservation of the 
J canine cr porcine liver has been 
reported by a mumber of investiga- 
tors using difer=rt-techniques for pe- 
riods of time ranging from 8 to 24 
hours.'* Schalm et al,® Brettschneider 
et al,’ and Belzer ət a have reported 
preservation f>r 20 hours or more. In 
each case, s1ccess was inconsistent, 
and survival of the animal recipients 
was in most irstances less than 24 
hours. Orthetepic transplantation of 
the liver preserved for these periods 
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was frequently followed by a bleed- 
ing diathesis that was refractory to 
treatment. 

A wide experience with successful 
renal preservation in this labora- 
tory," including preservation of the 
canine kidney for up to seven days, 
with immediate life-sustaining func- 
tion on reimplantation into nephrec- 
tomized dogs,'' encouraged us to at- 
tempt 24-hour preservation of the 
canine liver by using a modification 
of the kidney preservation technique. 


Methods and Materials 


The basic perfusion apparatus employed 
was the renal preservation system, with 
some modifications, as described previ- 
ously in detail. This system provides 
pulsatile, hypothermic perfusion with 
membrane oxygenation and continuous 
monitoring and titration of pH to physi- 
ological levels. For hepatic preservation, 
perfusion circuitry was designed so that 
the hepatic artery received pulsatile flow 
(at 80 mm Hg), and the portal vein re- 
ceived continuous flow (at 10 + 2 em H,0) 
at 7 C. The perfusate was cryoprecipitated 
plasma with additives as described previ- 
ously from our laboratory." Orthotopic 
liver transplantation, with the use of a 
technique described previously, was car- 
ried out in all experiments. All livers were 
flushed through the portal vein with 3,000 
ml of iced solution consisting of lactated 
Ringer’s solution with the addition of 14 
mEq sodium bicarbonate, 10 ml of 50% 


dextrose solution, and 2,000,000 units of 
penicillin G potassium to each 1,000 ml. In 
the initial experiments, the liver was 
flushed immediately after completion of 
the necessary dissection, with cannulation 
of both portal vein and hepatic artery and 
immediate subsequent connection to the 
preservation apparatus. In later experi- 
ments, the liver was allowed a 15-minute 
recovery period before flushing and re- 
moval. 

All donors and recipients were mongrel 
dogs, weighing between 15 and 25 kg, in 
apparently good condition. Anesthesia was 
intravenously administered with 20 mg of 
phencyclidine hydrochloride (Sernylan) 
and 5 mg of sodium pentobarbital (Pento- 
brocanal) per kilogram of weight (with ex- 
ceptions to be noted below). Endotracheal 
intubation and respirator support were 
utilized. In addition to the anesthetic 
agents employed, 250 mg of methyl- 
prednisolone was administered intrave- 
nously to each donor. All recipients re- 
ceived antibiotics, donor dog blood, and 
intravenous solutions for support during 
the intraoperative and postoperative peri- 
ods. Azathioprine and methylprednisolone 
were used intravenously in modest and 
varied doses as immunosuppressives in the 
immediate postoperative period, although 
no serious attempt was made to prevent 
rejection. Dogs surviving to the time of 
suspected rejection were killed in the ter- 
minal stages, and autopsy was performed. 

The following values were determined in 
all but two of the transplanted dogs: serum 
bilirubin, serum glutamic oxaloacetic 
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Table 1.—Function Studies in Dogs Surviving Orthotopic Transplantation of 24-Hour Preserved Liver 


Serum Bilirubin, 
mg/100 ml 


Survival, 
Days Control 


9 0.2 


5* 

9 

6 

5* 

6* 
70(13)t 


Dog 
e 
2 
3 
4 
5 
6 
vd 
8 


* Cause of death was other than rejection. 


Postop- 
erative 


11 0.3 0.2 
0.2 


SGOT, 
Units/ Liter 


Postop- 

Final Control erative 
8.4 752 
15.3 18 


2.6 


t Calculated as 13 days for averaging purposes: 


transaminase, alkaline phosphatase, eth- 
anol-gel, fibrinogen, fibrin split products, 
and platelets, leukocytes, and hematocrit. 

Perfusion pressures and flows also were 
recorded, and bile production was mea- 
sured. 


Results 


Of 39 livers harvested, 36 were 
reimplanted. Three livers were not 
transplanted, because of machine 
failure in one instance and anesthetic 
and operative problems prior to liver 
implantation in the other two. 
Among the 36 transplanted livers, 17 
failed for reasons other than inade- 
quate preservation. These included 
seven instances of anesthetic over- 
dose after changeover of team per- 
sonnel, one of technical failure, two of 
accidental, intraoperative, porta- 
jugular shunt occlusions with result- 
ant injury to the liver, and five of 
postoperative airway and respiratory 
problems. Two dogs were ill with dis- 
temper and preoperative liver dis- 
ease, a discovery that was made only 
at implantation. Thus, there re- 
mained 19 dogs suitable for eval- 
uation after 24 hours of preservation. 
Of these, during the first 24 hours af- 
ter operation, five dogs died of ex- 
sanguination that commenced after 
termination of the procedure. Two 
dogs never recovered from the anes- 
thesia. The remaining 12 dogs lived 5 
to 70 days, with an average survival 
time of eight days (calculating only 
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13 days’ survival time in the longest 
survivor for the purpose of aver- 
aging). 

Histopathologic material was avail- 
able for review on 11 of the 12 surviv- 
ors (dogs 1 through 11). All specimens 
were studied by a pathologist who 
was not informed of the length of 
survival times. Eight of the 11 cases 
fulfilled the criteria of rejection of ca- 
nine hepatic homografts as given by 
Porter.” The changes included 
mononuclear cell accumulations 
around portal and central veins and, 
almost uniformly, central and some 
midzonal necrosis. In most cases, 
there was periductal mononuclear cell 
infiltration and intrahepatic bile 
stasis. Fibrinoid necrosis of hepatic 
arterioles was observed in three in- 
stances. There was good: correlation 
between cellular infiltration and the 
degree of hepatic necrosis. 

The three specimens in which rejec- 
tion was not observed (dogs 3, 6, and 
7) were from dogs surviving 5, 5, and 
6 days, respectively. In two, the find- 
ings were those of hemorrhagic in- 
farction with portal vein thrombosis 
(dogs 3 and 7), and, in the remaining 
specimen, the diagnosis was acute 
passive congestion with preservation 
of the lobular architecture; scattered 
central lobular necrosis, hemorrhage, 
and extensive congestion of the por- 
tal veins; and mild periportal triad 
cellular infiltrate. 

Thus, rejection was confirmed by 


Final 


1,640 


4,288 


Alkaline Phosphatase, 
Units / Liter 
Postop- 
Control erative 
286 56 102 

656 16 28 1,360 
480 80 151 322 
560 duce 3,424 
1,306 
214 448 
820 Ho 1,648 
118 2,496 
62 1,064 
1,664 
232 316 
113 865 
1,316 


Final 
864 





histopathologic examination at the 
time of death in eight of the 11 cases 
in which material was available for 
study. 

Toward the end of the study, we 
achieved consistency in successful 
preservation. Of the last nine livers 
suitable for evaluation of preserva- 
tion, eight were transplanted success- 
fully. 

Results of liver function studies are 
summarized in Table 1. Generally, 
there were modest increases in serum 
bilirubin levels after surgery but 
great increases thereafter. However, 
a significant increase in bilirubin 
level at the terminal stages of rejec- 
tion was not uniform. Changes in 
transaminase levels were those that 
were expected, with an increase after 
transplantation in most instances, 
but the changes at the time of rejec- 
tion were not consistent. The alkaline 
phosphatase value was a more re- 
liable indicator of rejection (or at 
least the liver damage associated 
with it) in that at least a twofold in- 
crease over the postoperative levels 
was invariably seen. Often the mag- 
nitude of increase was more than 30- 
fold, but no threshold level could be 
determined as signifying irreversible 
rejection—the terminal values ranged 
from 316 to 3,424 units/liter. The co- 
agulation studies, with the exception 
of the ethanol-gel values (which were 
extremely variable), are presented in 
Table 2. The postoperative studies in 
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general indieated possible mild con- 
sumotive ccacubpathy, at least in 
some instane=, with a decrease in 
platelet ceur- and fibrinogen level 
and an ineræse in fibrin split prod- 
ucts. In the “ace of rejection, there 
was usually 2 «ecrease in the platelet 
count and f= an increase in fibrin 
split produets bet a highly variable 
fibriaogen resporse. 

The perfusaen characteristics dur- 
ing liver preservations are seen in 
Tabl2 3. The pressure generally de- 
creased shert > a-ter the initiation of 
perfusion an@ was below the initial 
pressure of 80 mm Hg by three hours 
in every imst=ace in livers that sur- 
vivec and im mest instances in those 
that did net. Thereafter, there was 
ofter a grade iacrease, although in 
some instanees the pressure was still 
at its lowest sve at 24 hours. There 
was [ttle diffemenee in perfusate flow 
in surviving avd nonsurviving livers. 
The approximete average flow was 
0.7 ral/gm of tissue, with a range 
from 0.5 to 1.9 ml-gm. Bile production 
for tae 24-hom- p2riod varied from 5 
to 208 ml, witceut any apparent rela- 
tionsiip betwsen the quantity of bile 
produced and the quality of the pres- 
ervation. Be:- the smallest and 
greatest amounts were produced in 
livers transple tei in nonsurvivors. 


> arr ment 


Wich praetiee and experience, suc- 
cessful 24-hour preservation of the ca- 
nine liver car be carried out fairly 
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Table 2.—Coagulation Studied in Dogs Surviving 
Orthotopic Transplantation of 24-Hour Preserved Liver 


Platelets, Fibrinogen, Fibrin Split 
(<10°)/cu mm mg/100 mi Products, ug/ml 
Postop- Postop- 
Gartrc erative Final Control erative Final Control erative Final 
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consistently under the proper condi- 
tions. Failure in 20 instances was due 
to factors other than unsuccessful 
preservation. Previous experience 
with liver transplantation has shown 
that the amount of anesthetic agent 
administered is critical, and only af- 
ter seven consecutive failures did we 
become aware that we were using a 
dose of phencyclidine hydrochloride 
that was twice what it should have 
been. The other major causes of fail- 
ure were premature removal of the 
endotracheal tube, exhaustion of oxy- 
gen supply to the respirator em- 
ployed, or similar accidents. These 
were largely avoidable and became 
less frequent as the study progressed. 

The little difference in perfusion 
and flow characteristics in livers im- 
planted in survivors and nonsurvivors 
indicated that more sensitive pre- 
dictors of success probably are 
needed. However, a persistently in- 
creasing perfusion pressure probably 
is indicative of less than optimal pres- 
ervation. 

Based on a wide parallel experience 
in kidney preservation,’-"* it is our im- 
pression that the following factors 
may have contributed to success: (1) 
the generous use in the donor of 
methylprednisolone as a membrane 
stabilizer with its parallel action of 
improving tissue perfusion, (2) a good 
perfusate flow rate at low tempera- 
ture (7 C), and (3) the use of methyl- 
prednisolone in high concentration in 
the perfusate. Also of importance was 
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Table 3.—Perfusion Characteristics 
of Dog Livers Preserved for 24 Hours 






Arterial Pressure, 








mm Hg* 
Time After Non- 
Initiation of Surviving surviving 
Perfusion Dogs Dogs 




















10-15 min 

Mean 73 71 

Range 62-100 62-80 
lhr 

Mean 73 70 

Range 62-94 62-74 
3 hr 

Mean 68 70 

Range 62-72 62-80 
22-23 hr 

Mean 74 72 






Range 





62-90 62-88 


* Pressure initially set at 80 mm Hg. 











the utilization of a relatively simple 
technique of hepatic transplantation, 
with a resultant very low technical 
failure rate (1 of 36). Preliminary at- 
tempts at longer periods of perfusion 
lend encouragement to the possibility 
of successful liver preservation for 
extended periods. 


Nora Sun, MD, reviewed the histopathologic 
specimens. 


Nonproprietary Name and 
Trademark of Drug 


Azathioprine—Jmuran. 
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Invited Editorial Comment 


Commor problems in the organ perfu- 
sion literature are the subject’s diffuse- 
ness, empiricism, and the groups of experi- 
mental subjects that are too small for 
reliable conclusions. For almost every pa- 
per published, there is a different storage 
method. These are the variables: type of 
experimental animal (eg, pig, dog, or ba- 
boon), perfusion or no perfusion (if perfu- 
sion, pulsation or no pulsation), hyperbaric 
or normobarie conditions, and inclusion or 
exclusion of the following agents: adrenal 
steroids, dextrose, insulin injection, anti- 
biotics, potassium, sodium acetate, magne- 
sium, phosphate, dextran, cryoprecipitated 
plasma, albumin, procaine hydrochloride, 
and heparin sodium. The evidence for the 
value of some of these factors is stronger 
than it is for others, but the operation of 
orthotopic liver transplantation itself is 
complex enough to add still another impor- 
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tant variable: frequent technical failure, a 
point that Drs. Petrie and Woods are care- 
ful to point out in their own work. Much re- 
mains to be done before we know which 
agents and techniques are essential to 
liver preservation, while better immuno- 
suppression, not so toxic to the liver as aza- 
thioprine, must be found. Orthotopic liver 
transplantation is not yet established ther- 
apy in any form of liver disease. If it be- 
comes established, it will probably not be 
common.' Fortunately, therefore, there is 
ample time to perfect the perfusion tech- 
niques that Drs. Petrie and Woods have so 


carefully studied. 
NATHAN P. Coucu, MD 
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_In the article, “The Multiseptate Gallbladder,” published in the 
the last sentence in the “Comment” section should 


lus formation, as well as hyperplastic cholecystoses 
Aschoff (RA) sinuses should be frequent con- 
hibiting this phenomenon.” 
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Spontaneous Perforation 
of the Normal Gallbladder 


Does it Occur? 


Lionel Schour, MD, Bethesda, Md, 
Jacob Malin, MD, Oakland, Calif 


Criteria are set forth for the diagnosis of a 
case as spontaneous perforation of a normal 
gallbladder. To the authors’ knowledge, 
strict application of the proposed criteria re- 
veals that spontaneous perforation of a com- 
pletely normal gallbladder has never been 
described. Our case is the fourth reported in- 
stance of spontaneous perforation of grossly 
normal gallbladder without evidence of 
acute inflammation or stones. 


lthough uncommon, perforation of 
the acutely inflamed gallbladder 
containing stones is well docu- 
mented.' Perforation of the acutely 
inflamed, noncaleareous gallbladder 
occurs even less frequently.** How- 
ever, perforation of a grossly normal 
gallbladder, without evidence of 
acute inflammation or stones, has 
rarely been described. Stout and Hub- 
bard’ have stated: “It is doubtful that 
perforation of a normal gallbladder 
ever oecurs, except from outside 
trauma.” In contrast, Ellis and Cro- 
nin,° in discussing bile peritonitis, de- 
scribe three cases of spontaneous per- 
foration of an apparently normal 
gallbladder in the abscence of 
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trauma. Based on experiences with a 
recent case and review of the litera- 
ture, criteria are proposed for the 
diagnosis of a case as spontaneous 
perforation of a normal gallbladder. 


Report of a Case 


A 53-year-old man who had been treated 
for duodenal ulcer 12 years earlier had 
gradual onset of upper-abdominal and 
lower-chest pain. Although there was no 
history of direct trauma, the patient had 
been loading a trailer when the pain was 
first noted. Because of increasing pain, he 
was hospitalized the day after the onset of 
his illness. Significant findings included a 
white blood cell count of 11,000/cu mm and 
a normal level of serum glutamic oxaloace- 
tic transaminase. Abdominal x-ray films 
demonstrated no free air. Upon the find- 
ing of a serum amylase level of 395 units 
(normal range, 40 to 100 units), the patient 
was treated for acute pancreatitis with in- 
travenously administered fluids and naso- 
gastric suction. 

When seen in surgical consultation 48 
hours after admission, the patient’s abdo- 
men was rigid, with generalized rebound 
tenderness. These findings, combined with 
the history of duodenal ulcer, suggested a 
diagnosis of perforated ulcer, and prompt 
surgery was advised. 

At operation, the stomach, duodenum, 
liver, and pancreas appeared normal. A 
steady stream of bile was seen draining 
into the right, upper quadrant of the abdo- 
men from a pinpoint perforation in the 
wall of an otherwise normal-appearing 
gallbladder. No stones were palpable. The 
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Gallbladder wall showing pinpoint perforation ( x 10). Insert, Bile-stained gallbladder mu- 


cosa at point of perforation (arrow). 


gallbladder was not distended, and the 
common duct felt normal. Although palpa- 
tion of the lower abdomen was impaired by 
adhesions from a previous appendectomy, 
no abnormalities were detected in the ab- 
domen. Cholecystectomy was carried out. 
Postoperatively, the patient did well. An 
upper gastrointestinal series carried out on 
the ninth postoperative day suggested “a 
suspicious collection of barium on the 
lesser curvature seen only on the spot 
films.” However, six weeks later, an upper 
gastrointestinal series showed no abnor- 
mality. The patient has remained in good 
health for eight years since surgery. 
Pathological Findings.—The gallbladder 
measured 3x9 cm and contained no stones. 
There was an area 15 mm in diameter of 
intense bile staining on the serosal surface 
5.08 cm (2 inches) from the fundus. In the 
center of this area was a pinpoint perfora- 
tion through the gallbladder wall. The wall 
measured 4 mm in thickness except for the 
area surrounding the perforation where 
there was depression of the mucosal sur- 
face surrounded by a 3-mm area of indura- 
tion. The cystic duct was normal. There 
was a 7-mm fibrous, nodular thickening in 
the wall of the fundus of the gallbladder. 
Microscopic sections showed autolytic 
changes, without inflammatory cell infil- 
tration, extending through the entire gall- 
bladder wall at the site of perforation 


- (Figure). The mucosa adjacent to the per- 


foration was normal. The muscularis was 
moderately thickened and showed focal 
collections of lymphocytes and eosinophils 


in areas of increased connective tissue. 


Several Rokitansky-Aschoff sinuses were 
present in the muscularis but did not ex- 
tend to the serosal surface. The subserosa 
was thickened and edematous and showed 
chronic, inflammatory cell infiltrate. The 
nodule in the wall of the fundus was an in- 
cidental adenomyoma at considerable dis- 
tance from the site of perforation. 
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Comment 


This patient falls into the third 
category of gallbladder perforations, 
as classified by Niemeier’: 

1. Chronic perforation with fistula 
formation between the gallbladder 
and another viscus. 

2. Subacute perforation with for- 
mation of a pericholecystic abscess. 

3. Acute, free perforation into the 
peritoneal cavity. 

Although the cause of perforation 
in this patient is not clear, the deeply 
situated sinuses in the muscularis ad- 
jacent to the area of perforation sug- 
gest the possibility that serosal perfo- 
ration by a Rokitansky-Aschotf sinus 
or a duct of Luschka may have oc- 
curred. Diverticula of the gallbladder 
mucosa, known as Rokitansky-As- 
choff sinuses, have been reported in 
86% of gallbladders removed at sur- 
gery, and were seen to extend deeply 
throughout the muscularis layer in 
30% of the specimens.’ Luschka’s 
ducts, embryonic bile ducts, also may 
extend deeply into the gallbladder 
wall. When located on the surface of 
the gallbladder away from the liver, 
they may be separated by only one 
cell layer from the serosa and the 
free peritoneal cavity. Although 
Rokitansky-Aschoff sinuses and ducts 
of Luschka have not been reported to 
open into the peritoneal cavity, the 
anatomic basis for such perforation 
exists. Glenn and Moore® have sug- 
gested that inflammatory occlusion of 
the narrow neck of one of these duc- 
tile structures might create a small 
abscess cavity capable of extending 


through the serosa of the gallbladder. 
In our case, however, no acute in- 
flammatory changes were seen on his- 
tologic examination. 

Alternatively, the perforation may 
have been related to undetected cal- 
culi. Cope’ has postulated that a min- 
ute perforation might occur from ul- 
ceration of the gallbladder wall by a 
small calculus that erodes into the 
peritoneal cavity. However, in our pa- 
tient, no stones were detected in the 
excised gallbladder or in the peri- 
toneal cavity at the time of surgery. 

The question of the occurrence of 
spontaneous rupture of a normal gall- 
bladder has not been discussed previ- 
ously in the surgical literature. The 
following criteria are proposed for ac- 
ceptance of a case into this category: 

1. There must be no history of 
trauma. 

2. The patient must not have sys- 
temic disease that might affect the 
gallbladder secondarily and render it 
prone to perforation. 

3. There should be no evidence of 
gallbladder disease on gross or micro- 
scopic examination, other than the 
perforation. 

4. There must be no evidence of 
gallstones. 

These criteria are similar to those 
proposed in the past for diagnosis of a 
case as spontaneous rupture of a nor- 
mal spleen. Application of some of 
these criteria to individual cases may 
present problems. A traumatic cause 
will be uncovered with a frequency 
related to the thoroughness of history 
taking. However, assessment of pos- 
sible indirect trauma, such as unusual 
physical exertion prior to illness, may 
be difficult. 

The finding of stones, or definite in- 
flammatory changes, on histologic ex- 
amination, easily classify a gallblad- 
der as abnormal. However, evaluation 
of more subtle changes may be diffi- 
cult. Morehead“ has stated: 


The gallbladder . . . undergoes involution- 
ary changes. These are marked by retro- 
gressive changes in the muscular coats... 
followed by relative fibrosis of the wall. 
Many erroneous pathologic diagnoses of 
chronic cholecystitis have been based on 
these .. . changes, together with the scat- 


tering of lymphocytes and eosinophils nor- 


mally present within the connective tissue. 
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We have searched the English liter- 
ature and revaewed publications de- 
scribing 438 perferated gallbladders 
enccuntered dring 12,915 operations 
carried out in -3 different institutions 
from 1925 t W432’ Pathological 
charges, usuelly associated with 
stones, were descrbed in all of these 
gallbladders. + MZDLARS search of 
the -iterature from 1966 to the pres- 
ent has also or=ted no cases of spon- 
taneous gallb=dder perforation. In 
1954, Small** d=cr bed a patient with 
bile peritonitisdue to perforation of a 
normal-appesar mg gallbladder, which 
on histologic 2xamination, showed 
clumps of baceris surrounding the 
perforation =hreugh an intramural 
abscess. Ellis snd Cronin® have re- 
ported three cases of perforation of 
an apparenty ncrmal gallbladder. 
One of their patients suffered from 
thrombocytopemic purpura, and histo- 
logic study suggested that perfora- 
tion had occurred a= the site of a hem- 
orrhagie infarc: of the gallbladder. A 
second patient shewed abscence of 
the muscularis -ear the site of perfo- 
ration through an area of ischemic in- 
farct:on. Both satients showed defi- 
nite abnorma ties on histologic 
examination ef the gallbladder and, 
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therefore, do not qualify for inclusion 
as cases of perforation of a normal 
gallbladder. A third patient whose 
perforation was through one of sev- 
eral grossly abnormal, shallow, sub- 
serosal patches in the gallbladder 
wall underwent cholecystostomy only, 
so tissue was not available for histo- 
logic study. None of the patients had 
cholelithiasis, and, in the first two, 
the gallbladder was grossly normal at 
surgery except for the area of perfo- 
ration. We have been unable to locate 
other cases that might qualify as 
spontaneous perforations of normal 
gallbladders. 

The patient we have described had 
no history of direct trauma. Although 
he had assisted with the loading of a 
trailer, it seems unlikely that this was 
related to the pinpoint perforation of 
his gallbladder. He showed no evi- 
dence of systemic disease at the time 
of perforation or during the eight 
years that have elapsed since surgery. 
Changes on histologic examination 
suggested mild, chronic cholecystitis, 
although they might be interpreted 
by some as normal, retrogressive 
changes. The fundal adenomyoma ap- 
peared unrelated to the distant per- 
foration, but represents localized 
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adenomyomatosis, one of the hyper- 
plastic cholecystoses discussed by Jut- 
ras.” 

Upon strict application of the crite- 
ria we have described, neither our 
case nor any other reported case, 
qualifies as a spontaneous perforation 
of a truly normal gallbladder. It is 
quite possible that retrogressive 
changes in the muscularis, and the oc- 
currence of lymphocytes and eosino- 
phils in the normal lamina propria 
layer, will always lead to difficulties 
of interpretation and preclude the 
finding of a completely normal gall- 
bladder in any case proposed as perfo- 
ration of the normal gallbladder. Ac- 
cordingly, it may prove helpful for 
classification purposes and for clinical 
consideration of such patients not to 
exclude cases because of a question- 
able history of trauma or because of 
equivocal histologic changes. 

Our patient does represent the 
fourth reported case of spontaneous 
perforation of a grossly normal gall- 
bladder without evidence of acute in- 
flammation or stones. 
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Complicated Duodenal Ulcer Hemorrhage 


A Conservative Surgical Approach 


Alexander M. C. Macgregor, MB, ChB, FRCS, (Ed); Howard T. Abney, MD; Mark E. Faith, MD, Gainesville, Fla 


Massive upper gastrointestinal tract hem- 
orrhage following surgical operation or 
trauma may be due to reactivation of chronic 
duodenal ulcer disease. When this can be es- 
tablished by gastroscopy, a conservative sur- 
gical approach may have significant advan- 
tage in these critically ill patients. Two cases 
are described in which hemorrhage from 
duodenal ulceration in the stress situation 
was successfully treated by oversewing the 
ulcer through a postpyloric duodenotomy, 
combined with a proximal gastric vagotomy. 


Hoese associated with the 
stress ulcer syndrome may oc- 
cur in patients following injury, oper- 
ation, or in patients with “stress-as- 
sociated” disease. Coexisting peptic 
ulcer disease may reactivate in this 
stress situation and most studies in- 
clude both types of ulceration, since 
they cannot be separated definitively. 
The prognosis and the operative man- 
agement of patients with duodenal 
ulcers which bleed in a stress situ- 
ation is significantly different from 
that of hemorrhage from multiple 
gastric erosions. The majority of pa- 
tients who develop stress ulcers are 
severely ill as a result of their under- 


. lying disease and their general de- 


bility may dictate the appropriate 
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line of management. Gastrescopy has 
proved an extremely useful adjunct to 
the diagnosis of the site ef hemor- 
rhage in such patients, sinee the site 
of bleeding can often be accurately 
localized. The concept of early surgi- 
cal intervention in the management 
of uncontrolled hemorrhage is now 
recognized but even when the duode- 
num has been shown preoperatively 
to be the site of the bleeding ulcer, 
the surgical procedure of choice has 
not been defined. Most authors sug- 
gest either suture ligatien of the 
bleeding point with vagotomy and 
pyloroplasty,'° or vagotomy and gas- 
tric resection.*® We report here two 
cases in which stress bleeding from a 
duodenal ulceration was approached 
by oversewing the bleeding ulcer 
through a duodenotomy, maintaining 
the integrity of the pylorus. combined 
with a proximal gastric vagotomy to 
preserve a gastric emptymg mecha- 
pism, 1 


Report of Cases. 


Case 1.—A 47-year-old itimerant farm 
worker sustained 80% body burns circum- 
ferentially around the whole chest and ab- 
domen when his oil stove overturned. He 
was admitted to the Burn Unit and man- 
aged conservatively. Ten days after admis- 
sion, he developed an episode of Gram-neg- 
ative sepsis and hypotensiom from which 
he was successfully resuscitated with in- 
travenous fluids, broad-spectrum anti- 
bioties, and intravenously given methyl- 
prednisolone. At this time he was noted to 
have bilateral pulmonary infiltrates on a 


chest x-ray film. Forty-eight hours after 
the episode of sepsis, he developed massive 
hematemesis and melena, requiring 9 units 
of whole blood to maintain stable vital 
signs. Gastroscopy performed during the 
bleeding episode showed no evidence of 
hemorrhage from the gastric mucosa but 
confirmed the presence of a large duodenal 
ulcer, which was actively bleeding. 

At surgery, a midline incision was made 
through full-thickness eschar; a 2-cm 
diameter posterior chronic duodenal ulcer 
was found and oversewn through a post- 
pyloric duodenotomy. A proximal gastric 
vagotomy was then performed. At the ter- 
mination of this procedure, the stomach 
contained a large quantity of blood clot, 
which was not removed. The incision was 
closed by approximating the fascia with 30 
wire sutures, covered by an on-lay graft of 
pigskin. 

The nasogastric tube was removed on 
the first postoperative day; fluids were per- 
mitted oniy 24 hours after surgery and 
graduated feeding commenced 36 hours af- 
ter surgery, increasing to a normal diet on 
the fifth postoperative day. At no time was 
there any evidence of gastric stasis and his 
pulmonary infiltrates cleared in the post- 
surgical period. There has been no evi- 
dence of recurrent bleeding. He remains in 
the hospital, undergoing serial debride- 
ment and skin grafts for his extensive 
burns. 

Case 2.—A 71-year-old white man was 
admitted to the Thoracic Surgery Service 
for investigation of a right-upper-lobe 
mass. Investigations showed that this was 
a bronchogenic carcinoma with super- 
imposed aspergillosis. A right pneu- 
monectomy was performed, following 
which the patient developed a persistent 
bronchopleural fistula with a Pseudomonas 
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fistula trac- i- =tion. Elective closure of 
this fistula wa panned four weeks follow- 
ing a pm2urmer=<to ny but on the day prior 
to surgery the satient developed melena 
which progses»e@ to frank rectal bleeding 
and required: a_ “wait transfusion over the 
next 24 hears +ithout cessation of the 
hemorrhage Fæ zave a history of previous 
epigastrc liss=ss and gastrointestinal 
bleeding Casr=scopy was undertaken 
during the >er of active bleeding and 
revealed ar acwwely bleeding posterior 
duodena. ulser 

Expleratory =»eration was undertaken 
through a rzh = akeostal incision to min- 
imize the spin amg affect of an abdominal 
wound on tae pmtient’s already compro- 
mised pulmonary status. The presence of 
an active y Hec mg posterior duodenal ul- 
cer was corfirc=d. This was oversewn 
through a  >os%grleric duodenotomy. A 
proximal gastr -agotomy was completed 
and a gastr@tearry -ube inserted into the 
stomach. 

The paciert He uaived ventilator support 
for 48 hours arm »emained in a confused 
state for severe _ays thereafter. For that 
reason, faide w —mst given orally but the 
total gastrosm-> iminage did not exceed 
225 ml ir 24 he=s during the first four 
postoperative cars. Fluids were taken 
orally on the fim postoperative day and 
the patient rap— 4 advanced to a normal 
diet without evieeare of gastric stasis. The 
bronehopleur=| “stua was subsequently 
closed successful. 
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Comment 


The role of acid-pepsin mechanism 
in the pathogenesis of stress-ulcer 
syndrome remains undefined, and 
though many authors advocate the 
use of antacids in a stress situation, 
the value of such prophylaxis is diffi- 
cult to evaluate and is not always suc- 
cessful.” That the acid-pepsin mecha- 
nism does play some role is implicit in 
the techniques which have been advo- 
cated for control of hemorrhage, par- 
ticularly from the bleeding duode- 
num. Vagotomy with pyloroplasty 
and oversewing of the bleeding ulcer, 
vagotomy and antrectomy, and gas- 
tric resection all have their advocates, 
Successful control of the act of hem- 
orrhage, however, is only one factor 
in the delicate interplay of pathophys- 
iologic processes which influence the 
outcome in critically ill patients. Fre- 
quently, success or failure depends 
upon successful maintenance of ade- 
quate pulmonary function, control of 
sepsis, or early restoration of a posi- 
tive caloric and nitrogen balance. In 
the circumstance of a gastroscopically 
proven bleeding duodenal ulcer, an 
operation that conserves those factors 
has distinct advantages. Provided the 
duodenal configuration permits ade- 
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quate access to the bleeding ulcer 
through a duodenotomy, pyloroplasty 
is without advantage and may con- 
tribute to unfortunate postsurgical 
sequelae.'*:'° Similarly, denervation of 
the gastric antrum with its con- 
sequent gastric stasis is best avoided, 
since it necessitates a drainage proce- 
dure with some temporary gastric de- 
compression. The nasogastric drain- 
age tube, in turn, may have a 
detrimental effect on the patient’s 
pulmonary function and ability to 
cough. Similarly, a gastrostomy has 
disadvantages in terms of potential 
hazard of sepsis well illustrated in the 
case with circumferential abdominal 
burns. 

The smooth postsurgical course in 
the patients illustrated here, partic- 
ularly in terms of control of hemor- 
rhage and early oral alimentation, 
illustrates the advantages of the sur- 
gical technique described here. We 
believe that these outweigh the 
slightly longer operative time in- 
volved in this procedure over a trun- 
cal vagotomy and recommend that its 
use be considered as a primary 
method of surgical management in 
the patient with proven duodenal ul- 
cer hemorrhage in the stress situ- 
ation. 
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Esophageal Reconstruction 


for Stenosis Due to Diffuse Scleroderma 


Utilizing Blunt Dissection of Esophagus 


Hiroshi Akiyama, MD, FICS; Takashi Kogure, MD; Yuji Itai, MD, Tokyo 


Blunt dissection of the esophagus and cer- 
vical esophagogastrostomy via a posterior 
mediastinal tunnel without thoracotomy was 
successfully performed in a patient with 
esophageal stenosis secondary to sclero- 
derma. The larynx was, of course, preserved. 
This type of esophageal reconstruction is be- 
lieved to be an effective and simple means of 
providing palliation in this difficult clinical 
situation, and is one of the good indications 
of utilizing blunt dissection of the thoracic 
esophagus. 


sophageal or gastrointestinal 
tract involvement in diffuse 
scleroderma is not rare. The onset 
of this disease is gradual and it 
progresses slowly over a period of 
years. Pulmonary fibrosis, renal in- 
sufficiency, cardiac insufficiency, and 
sepsis are among its main serious 
complications. Before these fatal 
complications are encountered, esoph- 
agitis, or ulceration of the esophagus, 
may be seen and may be followed by 
severe esophageal stenosis. In such 
cases, dysphagia is the most distress- 
ing symptom, especially in young pa- 
tients with much appetite. 
Esophageal reconstruction for dif- 
fuse scleroderma is occasionally re- 
ported’? in the literature. This 
infrequency is probably because 
esophageal reconstruction is a major 
operation, and because such an oper- 
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ation itself, even if it is completed 
successfully, is only palliative for this 
original disease. 

Recently, we successfully resected a 
stenotic esophagus in a patient with 
scleroderma using blunt dissection 
without thoracotomy. We brought the 
stomach up through the posterior me- 
diastinum and effected cervical esoph- 
agogastrostomy. To our knowledge, 
this type of esophageal reconstruc- 
tion for diffuse scleroderma has not 
appeared in the literature. It is be- 
lieved, however, that sclerodermal in- 
volvement of the esophagus may be 
benefited by this procedure. 


Report of a Case 


The patient, an 18-year-old, 40-kg boy, 
has had generalized pigmentary changes 
and sclerosis for ten years and increasing 
dysphagia over the past six years. An 
esophagogram and _fiber-esophagoscopy 
demonstrated the presence of esophagitis 
consistent with scleroderma. On May 30, 
1972, complete obstruction of the esoph- 
agus developed. An esophagogram and fi- 
ber-esophagoscopy at this time revealed 
circular stenosis and deep ulceration in the 
lower third of the thoracic esophagus, 7 cm 
in length (Fig 1). A nasogastric tube was 
inserted with some difficulty, and tube 
feeding was undertaken in preparation for 
surgery. 

Laboratory findings revealed the follow- 
ing values: hemoglobin, 14.4 gm/dl; red 
blood cell count, 4,980,000/cu mm; hemato- 
crit reading, 46%; white blood cell count, 
5,500/ea mm; platelet count, 169,000 cu 
mm; C-reactive protein, negative; serum 
alkaline phosphatase, 10.1 units; total cho- 
lesterol, 113 mg/dl; thymol turbidity, 3.2 
units; serum glutamic oxaloacetic trans- 
aminase, 7 units; serum glutamic pyruvic 
transaminase, 3 units; phenolsulfonphthal- 


ein-test, 79% in two hours; urea nitrogen, 
18.8 mg/dl; serum sodium, 136 mEq/liter; 
potassium 4.8 mEq/liter; chloride, 96 
mEq/liter; total protein, 8.3 gm/dl; alumi- 
num, 55.0%; a,-globulin, 2.1%; «,-globulin, 
7.1% f-globulin, 8.6%; y-globulin, 27.1%; al- 
bumin-globulin ratio, 1.25; urine protein, 
positive; glucose, negative. Increased se- 
rum globulin concentration. was the only 
particular finding. The electrocardiogram 
was normal. The chest roentgenogram was 
normal. Respiratory function tests re- 
vealed the following results: vital capacity, 


Fig 1.—Preoperative esophagogram. 
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2,940 mł expiratory reserve volume, 1,080 
ml; percent ef vital capacity, 69%; forced 
vital capacity, 2,880 ml; forced expiratory 
volume -n one seeond, 2,680 ml; percent of 
forced expiratory volume in one second, 
93% (indicative of restrictive impairment 
due to origimaidisease). Rapid adrenocorti- 
cotrophre hermone test by cosyntropin 
(Cortrosyn), 225 mg intramuscular injec- 
tion, revealed 11 hydroxycorticosteroids: 
4.8ug/d! (control), 7.7ug/dl (30 minutes), 
7.1ug/ dl (60 mimutes). This indicated slight 
depression ef =drenocortical function. 


Technique 


The operation was performed on July 7, 
1971, umder general anesthesia with en- 
dotracheal intcbation. The supine position 
was employed. and no change of position 
was necessary during operation. 

A skin inc-sien was made along the ante- 
rior borcer ef -ae left sternocleidomastoid 
muscle and the cervical esophagus was ex- 
posed. This firs= procedure is very impor- 
tant because «posure of normal cervical 
esophagus alec zate for anastomosis is es- 
sential in order that successful postopera- 
tive swa lowine function is obtained. 

A left paramedian abdominal incision 
was ther accor lished. The left gastric ar- 
tery and vem were divided at their roots 
and the stomac was freed from the sur- 
rounding tissu=, preserving the right gas- 
tric artery and vein and the right gas- 
troepiplac artevy and vein. Anastomosis 
between right 2astric and left gastric ar- 
teries was preserved. A pyloroplasty was 
also accomplist=d. The thoracic esophagus 
was ther freed by blunt finger dissection 
through the escphageal hiatus and the cer- 
vical incision, =nd the esophagus was re- 
sected withemt thoracotomy. The finger 
dissection must >e performed with care, as 
the diseased es=phagus is easily torn and 
resultant contamination of the mediasti- 
num is a read complication. Bleeding 
from the medizstinum was minimal. The 
freed stomach was brought up to the neck 
through the posterior mediastinal tunnel 
created by e=phageal dissection. The 
anastemcsis was then carried out in two 
layers beween the cervical esophagus and 
the fundus of tse stomach (Fig 2). 

The operativ= course was uneventful. 
Three hundred mg of hydrocortisone so- 
dium suceinate Solu-Cortef) was adminis- 
tered to prewe=t possible adrenocortical 
insufficiency. Trtal blood loss during oper- 
ation was 25€ mi The resected specimen is 
shown in Fig 5. 


Results 


The postoperative course was un- 
eventful On te first and second post- 
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Fig 2.—Operative procedure. Area resected by finger blunt dissection indicated by cross- 


hatching. 
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Fig 3.—Resected specimen. 





operative day, 200 mg and 100 mg, re- 
spectively, of hydrocortisone sodium 


succinate were administered, and 
then discontinued. On the seventh 
postoperative day, tube feedings 
were begun, and on the 13th postop- 
erative day, oral ingestion was re- 





Fig 4.—Postoperative esophagogram (cer- 
vical esophagogastrostomy). Arrow shows 
site of anastomosis. 


Fig 5.—Postoperative esophagogram. 
Stomach brought up through posterior me- 
diastinum. 


sumed. 

A postoperative esophagogram 
taken two weeks after surgery 
showed good functioning of the re- 
constructed esophagus with no evi- 
dence of anastomotic stenosis or 
inadequate retention of food in the 
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Fig 6.—Patient two weeks postoperative; 
weight, 37 kg. 


Fig 7.—Patient four months postopera- 
tive; weight, 50 kg. 





stomach, which was now situated in 
the thorax (Fig 4 and 5). 

Postoperatively the patient was 
emaciated as shown in Fig 6, but his 
appetite and intake rapidly improved, 
with a weight gain of 13 kg in the 
four months following surgery (Fig 
7). He is able to swallow well at the 
present time. 

Although this operation is purely 
palliative, the results were signifi- 


cant for this patient. 


Comment 


Scleroderma, which was first de- 
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scribed by Curzio (Naples) in 1752, 
was thought to be a skin disease. It is 
now, however, considered to be a sys- 
temic collagenosis of unknown cause. 
The clinical symptoms of sclerederma 
are varied, and include changes in 
skin pigmentation, sclerodactylia, 
joint contraction, myalgia, bone 
change, muscle atrophy, Raynaud 
phenomenon, renal impairmert, pul- 
monary insufficiency, and carciac in- 
volvement. 

Gastrointestinal tract involvement 
is common. Dysphagia, regurg tation, 
and retrosternal pain are common 
symptoms. Then the initial stage of 
the disease may be recognized by im- 
paired motility on esophagogram. 
The abnormal esophagogram in 
scleroderma was described by Dorn- 
horst et al. Stenosis of the lower 
esophagus with proximal dilation of 
varying degree, ulceration, and ab- 
normal peristalsis are commen find- 
ings. Hiatal hernia may occur as a re- 
sult of shortening of the esopnagus.* 

Esophageal dilation? gives no per- 
manent relief. Gastrostomy may be a 
difficult adjustment for patients. Ac- 
cepted operations for hiatal hernia or 
stenosis involve significant risk þe- 
cause of the systemic nature of the 
disease including myocardial abnor- 
malities,’ impaired respiratory func- 
tion, and perhaps adrenocortical in- 
sufficiency. Complete preoperative 


= medical evaluation is essential. 


Only a few reports on esophageal 
reconstruction for diffuse scleroderma 
are found in the literature. Perdue 
and Morris’ treated five patients with 
esophageal stenosis secondary to 
scleroderma. Three were treated with 
esophageal dilation, one fellowing 
exploratory operation to rule out ma- 
lignancy, and one with jejunal inter- 
position. McLaughlin et al' treated 
two patients with resection of the 
lower esophagus and upper pcrtion of 
the stomach followed by intrathoracic 
esophagogastrostomy. Both thora- 
cotomy and laparotomy were carried 
out simultaneously in this precedure. 

Our-approach is to use laparotomy 
and only a small incision in tne neck. 
No thoracotomy is necessary. The dis- 
eased portion of the esophagus is 
thoroughly resected, and reconstruc- 


tion is performed through the poste- 
rior mediastinal tunnel formed by re- 
moval of the esophagus. This type of 
esophagectomy was first tried by 
Turner® for carcinoma of the thoracic 
esophagus. However, it is not appli- 
cable to carcinoma of the thoracic 
esophagus, but may be used in carci- 
noma of the hypopharynx and carci- 
noma of the cervical esophagus as re- 
ported by LeQuesne and Ranger,’ 
Balasegaram,* Ong, Simkin and 
Stell, and Akiyama et al."' No previ- 
ous attempt has been made to apply 
blunt dissection and resection of the 
esophagus to the stenotic esophagus 
of diffuse scleroderma. 

The advantages of this operative 
approach for this disease are: (1) No 
lymph node dissection of the medias- 
tinum is necessary. (2) The esoph- 
ageal lesion is easily resected. (3) Op- 
erative procedure must be simple 
because the operation itself is pallia- 
tive for the original disease. (4) Post- 
operative improvement of dysphagia 
is likely. 
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New Olympus intermediate length colonoscope 
CF-MB is beautiful... 


when you get to know it. 


Some 2@ope say our new CF-MB couldn't be called “pretty.” Olympus could have made it 
“prettier but your working requirements were more important. Every request for capabilities 
mace by ading doctors whom we consulted, is built into CF-MB. The benefits of one-hand 
contro! were asked for most. Olympus CF-MB now offers simultaneous observation and target 
biopsy. T>e new CF-MB with 1110mm working length and 4-way tip angulation, makes it easier 
to obser, 2erform cytology or biopsies and automatically photograph all areas, from the rec- 
tum, to the transverse colon with minimum patient discomfort, fast and accurately. The longer 
CF-LB ss available for work beyond, to the ileum and cecum. For more information write to 
Olympes Corporation of America, Medical Instrument Division, 2 Nevada Drive, New Hyde 
Park, New York 11040. 
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The most precise diagnoses 
have the RPA of target 

biopsy and a 
clear photo record. 





Olympus GF- MB gives you both: This 
x-ray shows CF-MB in position to ob- 
serve, biopsy and photograph in mid- 
transverse colon. The photo, taken in 
color, is proof of an existing polyp 
which x-ray might have missed. 
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High Potency Stress Formula Vitamins 


Each Tablet Contains: 
Vitamin B, (as Thiamine 


Mornonlirate) io 5 ie eh On 15 mg (15 MDR) 
Vitamin B, (Riboflavin).............. 15 mg (12% MDR) 
Vitamin B, (Pyridoxine Hydrochloride)............ 5mg 


Vitamin Bx (as present in 
concentrated extractives from 
streptomyces fermentation) ................ 5 mcgm 


Vitamin C (as Sodium Ascorbate and 


Niacinamide Ascorbate)........... 600 mg (20 MDR) 
Niacinamide (as Niacinamide 

WOPOMIAIONA E a O .100 mg (10 MDR) 
Vitamin E (as d-Alpha 

Tocopheryi Acid Succinate)................ 30 Units 
Calcium Pantothenate USP .................... 20 mg 


MDR—Adult Minimum Daily Requirement. Recommended Intake: Adults, 1 tablet daily or as directed by physician. Supplied: Bottles of 60 and 500. 
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A Method for Prolonged Occlusion 


of T Tubes 


Murry G. Fis& =, 4), New York 


Tne use of a mtsaluminal plug obtained 
from the Longtkeel catheter-needle is de- 
scribed for the prownged occlusion of T 
tubes. This obveases the problem of deteri- 
oration of therucber which results from ex- 
ternal compressm=a. 


T cubes us=2 im common bile duct 

surzery | ave cassically been oc- 
cluded, when ey are not open and 
drain ng bile, ay externally compress- 
ing thera wits a screw clamp or by 
folding them «2r acutely and secur- 
ing this oend = tk a rubber band. 

In the vast majority of instances, 
either ef these mathods is satisfac- 
tory inasmuch as the time that the T 
tube is left in atu is relatively short. 
However if th- 7 tube must be left in 
place “ora proseng=c period, as when 
it is beirg used as a decompression 
channel reamei <hroagh an unresect- 
able carcnome of the common bile 
duct or the hepatie ducts, problems 
arise due to de =ricration of the rub- 
ber. At the pøizt where the T tube is 
compressed eith= Ly a metal or plas- 
tic app iamce or æ a rubber band, the 
rubber turns wewn. becomes quite 
soft, and -ears r=rr easily. This also 
occurs at the amex of an acute, 180° 
bend. 
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This problem can be overcome by 
cutting the tube back to good rubber 
and occluding the lumen from within 
by inserting the short plastic plug, 
which is found in the hub of the Long- 
dwel needle (Fig 1). The end of the T 
tube is cleansed, sterilized with povi- 
done-iodine (Betadine), both inside 
and outside the tip, and the plug 
(which comes sterile) is inserted to its 
hilt. It can be removed at any time to 
permit irrigation of the tube or to 





reattach it to a bile bag for drainage. 
This method has been used success- 
fully to keep a T tube occluded for 20 
months in a patient with an obstruct- 
ing carcinoma at the confluence of the 
proximal hepatic ducts in whom the T 
tube has functioned as an indwelling 
decompressive channel that bypasses 
the obstruction (Fig 2). The plug will 
adequately occlude T tubes varying in 
size from 10 to 20 F. 
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Fig 1.—Longdwel catheter-needle showing plug that has been removed from hub of needle. 


Fig 2.—Plastic plug occluding T tube that has been cut short. 
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Special Articles 





The Foreign Medical Graduate’s 


Role in American Medicine 


A Seminar 


William A. Sodeman, MD; Aldo R. Casteneda, MD; 


Francis D. Moore, MD; Richard Warren, MD (Moderator), Boston 


Dr. WARREN: Dr. John Homans 
used to deplore the necessity of put- 
ting people and things into pigeon- 
holes to classify them for discussion. 
No group is more subject to the dan- 
ger of pigeonholing than the one la- 
beled Foreign Medical Graduate 
(FMG). Of the 57,000 FMGs in the 
United States in 1970, a total of 87 
countries and 570 medical schools 
were represented. Ten percent were 
United States citizens. Of the re- 
mainder, only 7% came from coun- 
tries where English was the first lan- 
guage. Some pigeonhole! Differences 
in educational and cultural back- 
grounds within the whole group are 
so enormous that they defy analysis. 
But the problem created by the diffi- 
culties in communication and under- 
standing, so important for the health 
care team, must be discussed and, if 
possible, analyzed. This symposium 
will focus primarily on this aspect of 
the problem as it affects the team in 
general and the FMG personally. 

Dr. William Sodeman will lead the 
seminar today. Born in Pennsylvania 
and reared in Toledo, Ohio, he re- 
ceived his medical education at Ann 
Arbor. His early graduate training 
was in cardiology but he soon entered 
the field of tropical medicine and was 
associated with the renowned depart- 
ment at Tulane for 20 years, and was 
head of it for ten. After a period of 
chairmanship of the Department of 


Internal Medicine at Columbia, Mo, ` 


he returned to his native Pennsylva- 
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nia as head of the department at Jef- 
ferson, where he was later dean. Be- 
cause of his interest in medicine in 
other countries, he was called to head 
the new Commission on Foreign Med- 
ical Graduates in 1970. In addition to 
these activities, he is the author of 
the popular Sodeman’s Pathologic 
Physiology, which is entering its fifth 
edition, and is also president of the 
American College of Physicians. 


Perspectives 


Dr. SODEMAN: I am delighted to 
have the opportunity to talk to you 
about FMGs, some of their problems, 
and our problems relative to the mi- 
gration of medical talent in the 
world. 

Since World War II, there has been 
a great migration of FMGs to this 
country. In order to talk about trends 
and predictions relative to FMGs, it 
would perhaps be best to establish a 
base. Each year in the world there are 
about 80,000 medical school gradu- 
ates. Of these, approximately 30,000 
graduate in Iron Curtain countries, 
and in large part, this group is not 
subject to as free migration as is the 
rest of the world’s population. Our 
own graduates number approxi- 
mately 9,000 but this will soon in- 
crease to between 14,000 or 15,000. 
Therefore, about half the production 
of physicians in the world rests in 
these two areas, leaving approxi- 
mately 40,000 graduates annually 
who are “at risk” to migrate. 

Although we do not know exactly 
how many of these take the Educa- 
tional Council for Foreign Medical 
Graduates (ECFMG) examination, 
which is the real visa for entry to the 


United States, 23,000 and 28,000 have 
taken the examinetion in the last two 
years. This represents many people 
who have taken the examination 
more than once, but close to half the 
number of new physicians in the free 
world take the ECF MG examination. 
Not all of these want to come to the 
United States; some want to migrate 
elsewhere, and same take it as an in- 
surance policy for the future so that 
when they have reached the point of 
licensure in their country, they can 
then enter graduate medical educa- 
tion here. And graduate medical edu- 
cation in the Unized States is the goal 
of most FMGs. 

Each year, there is an increase in 
the number of FMGs who take the ex- 
amination, although those who pass it 
consistently number about one third. 
If we draw a curve of the foreign 
physicians comng to the United 
States who pass the ECF MG exami- 
nation, the curve on entries to this 
country lags behind the curve of the 
ECFMG examiration by about three 
years. If we see the curve for those 
taking the ECF MG examination ris- 
ing, we know chat in two or three 
years the number of FMGs coming to 
this country wil increase. From such 
data, we can now predict that in the 
future, more individuals will want to 
come to this country than have come 
thus far. 


The FMG and Immigration 


What kind of setting will they en- 
ter? Prior to the passing of Public 
Law 91-225 by the 91st Congress in 
1970, individuels who came to this 
country for training had te return 
home after five years and then apply 
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if they wanted tæ ceme back on immi- 
greant status. Today they need not re- 
turn to their ewn «country; they can 
apply for immizrart status at the Im- 
migration amc Naturalization Ser- 
vice, amd sbæimł he right to stay 
here. Althamza złe Commission of 
Foreign Medical Graduates handles 
all entranee papers for physicians 
coming to tmi= cəuntry as exchange 
visitors. we kaxe act had any data un- 
til recently. wm the commission be- 
came active - this area. 

Since July 972 of the approxi- 
mazely 9,000 p=>>pleon whom we have 
data, one thind rave changed to immi- 
grant status. Aacther outstanding 
example of ‘its shft is the Korean 
situation. Im tŒ -en years preceding 
1971, there s=e 0 Korean physi- 
cians who obtaired permanent res- 
idency status in -he United States— 
an average £f £9 annually. When the 
law was chamg2d £70 Korean physi- 
cians in thet ome year changed their 


status. Thers are approximately . 


12,000 physietans m Korea; so this 
group repres=mcs apout 8% of their 
medical manpower We might feel 
that this is a =rrible thing, but the 
Koreans do u=* sem to be worried 
about it. 

And this tugs ap another prob- 
lem. We maittain that we do not 
have a naftieval goal in terms of 
health manpewer psoduction, but we 
have more im tæ way of a goal than 
most countme: Seme countries have 
no goal with t=gavd to keeping their 
physicians at hame. India forbids the 
taking ef tu ECFMG examination 
within its berde=s. Indians, therefore, 
go outside them country to take the 
- examination, t Siagapore or London. 
In the cities ef Ineia, there is one 
physician fer =-ery 1,000 people; in 
rural India, er= physician for about 
every 100,000 peovle. Do they need 
their physiciam=” Surely they do! But 
they need ther: rained in the kind of 
settings or the kinds of programs we 
do not provid+ im -his country. If an 
Indian docter zomes here and is 
trained in a specialty that requires a 
broad base amd support with nurses 
and laboratory =*ucie, he is not likely 
to return hom= _ factiously say that 
every other camdiac catheterization 
laboratory in = United States is run 
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by an Indian physician. The sophis- 
ticated training they receive here is 
suitable in only a few places in the 
major cities of their native land. And 
many FMGs who originally planned 
to return home decide to stay in this 
country for just this reason. 

When we talk about the migration 
of medical talent or the so-called 
“brain drain,” we refer to “push” and 
“pull” factors. The factors that push 
people out of a country are usually po- 
litical, sociological, and economic. The 
factors that pull them to the United 
States rest in a number of areas—the 
prominence of the United States in 
medical education, the affluence of 
our country, for example. 

Migration, as the United Nations 
indicates, is a human right. I believe 
this sincerely, but I do not believe one 
has the right to migrate as a member 
of a certain profession. If individuals 
want to come to this country and 
want to practice their profession 
here, then they should measure up to 
the standards or requirements in this 
country. 

Frequently, we hear that the FMGs 
are not up to the standards of this 
country, but there is no such thing as 
a typical FMG; they are as variable as 
people are variable. Many FMGs have 
greater capabilities than our own 
physicians, although the majority do 
not, if we use the ECFMG examina- 
tion as an indicator. But this may be 
due, in large part, to the country from 
which they come. Before World War 
II, most FMGs were from the western 
Kuropean countries; today 64% come 
from Asiatic countries. 


Physician Distribution 


Some of the problems we tend to 
associate with FMGs are inter- 
national in scope. The problem of dis- 
tribution is the same the world over. 
People do not want to practice in 
small communities or rural areas. 
And the physician shortage is as real 
in our country as anywhere. This past 
year, 12,726 freshmen entered medi- 
cal school and with our projected in- 
crease, this should reach 14,000 to 
15,000 within the next few years. Al- 
though it is difficult to predict with 
accuracy how many physicians will be 
needed in 1980 or 1990, it appears that 


we will reach a point where we will 
have a suitable number of physicians. 
But, even if our production is ade- 
quate, there will never be enough 
physicians to satisfy people because 
of the previously mentioned problem 
of specialty and geographical distri- 
bution. 


Cheap Labor 


What is going to happen to the set- 
ting into which FMGs come? At the 
present time, there are 14,500 en- 
trance positions into graduate medi- 
cal education, and we have only been 
able to fill about 9,000 with our own 
graduates. The remainder are filled 
by FMGs. The places that the Ameri- 
cans do not want, the FMGs get. 
Some FMGs do get into basic posi- 
tions, but remember, I am not talking 
about FMGs as a uniform group. In 
large part, I am talking about those 
who come to this country unsponsored 
and this group has to take whatever 
is left over in terms of positions. 
Even with FMGs, the entrance posi- 
tions in the United States are not 
filled, and this is part of the seduction 
to fill them, not for education, but for 
service. Internships and residencies 
are supposed to be educational experi- 
ences with a service component. The 
service component is essential be- 
cause you cannot learn and train to 
take care of people unless you do, in 
fact, take care of people. 

Here, then, is another problem. If 
FMGs continue to come at the pres- 
ent rates, and the estimate by the Bu- 
reau of Health Manpower is that this 
will average about 5,000 to 5,200 a 
year, we will soon need 20,000 places 
to accommodate FMGs, plus the pro- 
jected increase of our graduates to 
between 14,000 and 15,000. 

Will the 15,000 places we now have 
expand in the future? In the first 
place, the positions cost money; in the 
second, by 1975, there will no longer 
be any free-standing internships. The 
first year of graduate medical educa- 
tion will become part of the contin- 
uum of medical education. When an 
FMG comes to the United States now, 
he usually enters an internship that is 
free-standing and not part of a pro- 
gression into the rest of the system. 
Soon this will no.longer be the ease. 


The Foreign Medical Graduate/Sodeman et al 477 


Table 1.—Foreign Medical Graduates Admitted as Immigrants: 
r Trends in Origin 











Year Immigrants 
1962 1,297 
1967 3,326 


Totals for 
1962-1972 35,970 


* Sources: Government and AMA data. 





And because every time an institu- 
tion has a first-year spot, it will need 
a second-, third-, and fourth-year 
spot, hospital administration will 
have to provide $40,000 to $50,000 for 
each new spot. On the other side of 
the coin, we have new medical schools 
and new affiliations with community 
hospitals that will tend toward ex- 
pansion. There are expansion factors 
and limiting factors. But the most 
limiting factor is the dollar. Who is 
going to pay? There is great argu- 
ment today as to who pays for gradu- 
ate medical education. Should it be 
part of the per diem cost that the pa- 
tient pays? 

With this background, we can see 
that the milieu into which the FMG 
comes in the next five years will be 
quite different from what it is now. 

Should we permit individuals to 
come into this country the way we do 
now? Should we aid and abet the 
brain drain? Such questions are diffi- 
cult to answer and the answers must 
be part of our national policy. Caspar 
Weinberger recently said before the 
Rogers Committee that FMGs here 
essentially are cheap labor, that we 
ought to use them and take advan- 


tage of them. Is this our national pol-. 


icy? 

An FMG trained outside this coun- 
try costs the United States nothing 
for the first four years of his medical 
education. In the ten years from 1962 
to 1971, a total of 29,000 FMGs immi- 
grated to this country. If you esti- 
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Table 2.—Foreign Medical Graduates’ Admission to the United States 
Compared With US Medical Graduates* 


Exchange 


Visitors Total Graduates 
3,970 5,267 7,168 
5,204 8,530 7,743 


1972 7,143 3,935 11,078 9,551 


50,747 





Latin 
America 


Other 
252 
260 211 
4,996 425 


Asia 














US 


86,717 87,418 


mate that the average American 
medical school has 100 students per 
class, we received the production of 29 
medical schools free. Furthermore, in 
very recent years the annual rate of 
immigration has risen to two or three 
times the average of 2,900 for the 
cited decade. Is this proper? Is this 
the way we should treat people from 
mostly underdeveloped or developing 
countries where they have problems 
with their budgets, their health, and 
with medical manpower generally? Is 
it morally correct to rob these coun- 
tries of this manpower? Personally, I 
do not think so. Table 1 shows the ef- 
fect of legislation, which started in 
1965, on the number of annual medi- 
cal immigrants and on the great in- 
crease of inflow from developing 
countries. Table 2 shows the relation- 
ship between the annual numbers of 
FMGs entering and those of US med- 
ical graduates. 


The ECFMG Examination 


And the ECFMG examination it- 
self is a problem. It was established 
in 1956 to determine whether an indi- 
vidual from a country outside the 
United States has adequate medical 
knowledge to benefit from graduate 
medical education in this country. In- 
stead of accepting an FMG from an 
accredited medical school, we exam- 
ine him individually and screen him 
on his knowledge. We must assume 
that he has had enough clinical back- 
ground to be suitable to come here. In 


this country, we rely on the fact that 
medical students have been through 
clerkships and hase had some train- 
ing in the care of people and the lay- 
ing on of the hands. The ECFMG ex- 
amination does not examine for 
clinical competence, but only for 
knowledge. This means that many 
FMGs coming to zhis country are put 
into training programs as interns and 
the quality of what they do is below 
the level of American graduates. For 
some FMGs, this is not the case, but 
in large part, it is true. Obviously, 
then, the quality standard for care 
under them is at a lesser level than it 
is under our own physicians. 

At the present time, we have one 
track for everybody, whether they are 
an immigrant or whether they are go- 
ing to get further education here and 
return home. Should there, perhaps, 
be two tracks? Skould the individuals 
who come here and decide to stay 
have to measure up to a qualifying 
examination, such as National Boards 
Federation Licensing Examination, 
or FLEX, and not merely a screening 
examination? There are many of us 
who think that w= ought to divide the 
problems of FMGs into two parts: 
those who come end are going to stay 
should go through one track with a 
qualifying examination; those who 
are going home would go through an- 
other track with different screening 
and different pregrams. 

Ninety percent of FMGs come from 
countries where English is not the 
language and the English section of 
the ECFMG examination is not suit- 
able, because we use much slang and 
lingo in this country. It takes a while 
for FMGs to learn this and under- 
stand what patients are really talk- 
ing about. We are currently recom- 
mending that this part of the 
examination be changed to accom- 
modate the peculiarities of our lan- 


guage. 
Corclusions 


In conclusion, I have tried to indi- 
cate the tremendous number of 
people who come here, the circum- 
stances they eneounter when they ar- 
rive, the fact that our examinations 
for their entry ere structured for one 
thing, and often do quite another, 


The Foreign Medical Graduate/Sodeman et al 


TF 





and that those who remain here do 
not, aS a grou», measure up to our 
standards. 

We keliev= -ast qualifying exami- 
natns shouwkd >e given to those who 
come here ar = went to stay. We think 
that if our gore"mment wants to solve 
the brain drai oroblem, it ought to 
change our tavs. And, if we want to 
avoid b2ing ancased of taking the pro- 
duetion of 2% fsreign medical schools, 
we must alte> the current situation. 
We ought t» ce more for those who 
come here amc want to go home, in 
terms of proe~amrs that are more suit- 
able fo> them. 

These are the problems; these are 
some possiiie solutions. We are not 
happy with mys as they are, and 
neither are t-e FMGs. 

Dr. WAmR= Most sessions on this 
subject have imadvertently excluded 
F MGs from i -e podium. Today we are 
privileged te t=ve someone who was 
educated owts de this country and 
who is now a e» and honored mem- 
ber of the Nar~ard faculty. Aldo Cas- 
tareda, MB. is Frofessor of Surgery 
at Harvard M=cjea!l School and Cardi- 
ovaseular Sccaeon-in-Chief at the 
Children’s Hosaital Medical Center. 


An FIG Speaks 


Dr. Asrama: After accepting 
Dr. Warren's vation to participate 
in this pane! di=cussion of the FMG, I 
became conce] about my assign- 
ment entitle: “The FMG Speaks.” 
Given the gree’ reographic mix, the 
large differences in medical school 
curricula amd s-andards, the diverse 
soc.oecanomm= amd general educa- 
tional backgracacs, to mention just a 
few of -zhe macy variables, it is im- 
possible to eharsc_erize The FMG. Dr. 
Warren kinelr agreed to change the 
title to ‘An [MSC Speaks.” 

Instead of =~ ewing the increasing 
number of ræs and statistics on 
the sub.ect, E saall comment on the 
problem of the FMG, based on per- 
sonal exper -ee as an FMG in this 
country. My 2seiation with a large 
number of rsr graduates over the 
years, and aise my experience in 
screening and selecting foreign appli- 
cants seeking æ internship or a res- 
idency in a maja midwestern univer- 
sity surgical -2cartment. 
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Diagrammatic concept of flow of foreign medical graduates from de- 
veloped and underdeveloped countries to and from the United States. 





The Figure is an attempt to sum- 
marize these impressions. From many 
parts of the world, a steadily increas- 
ing number of physicians are seeking 
admission to US hospitals. The rea- 
sons for this attraction and intensity 
of professional motivation vary and 
are too complex to warrant discussion 
at this occasion. A large number of 
F MGs (dark arrow) come from devel- 
oping nations, many from medical 
schools plagued by limited budgets, 
unrestricted admission policies, over- 
crowding, inadequate facilities and 
part-time medical school faculties. 
The average graduate from these 
schools is ill-equipped to compete with 
his US counterpart. 

The ECFMG examination is an at- 
tempt to regulate the flow of FMGs 
into this country and to set minimum 
standards prior to admission to any 
US hospital. Despite an apparent 50% 


failure rate on the first try and an ap- 


proximate 35% permanent failure 
rate, more than 9,000 FMGs are ex- 
pected to enter the United States in 
1973. Far too many of these women 


and men will be lured into working in 
hospitals which cater to and vie for 
the services of the FMG as a cheap 
medical labor force. Teaching, super- 
vision, and development of graded re- 
sponsibility in these institutions is 
minimal or nonexistent. The FMG is 
required to provide a service for 
which he is neither prepared nor 
being trained. Often, language and 
cultural differences add to the mutual 
disenchantment. After this glaringly 
deficient “training,” many of these 
FMGs decide to remain in the United 
States permanently. The inadequacy 
of their preparation is reflected in the 
high failure rate either for State li- 
censing examinations or specialty 
board certifications. Neither the pa- 
tient, the medical profession as a 
whole, or the individual FMG is bene- 
fited by this haphazard approach. 


_ Furthermore, those FMGs who decide 


to. return to their native land after a 
variable amount of time spent in such 
“poor” institutions are hardly pre- 
pared to make a contribution to the 
practice of medicine or to medical 
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education at home. In fact, some har- 
bor lasting grievances and resent- 
ments about their experiences in 
these institutions and become ill-will 
ambassadors of American medicine. 
The light arrows (Figure) represent 
a considerably smaller group of 
FMGs who originate from countries 
with high medical standards or who 
are top graduates of countries with 
less-developed medical programs. 
Most of these physicians do secure a 
residency position or a research fel- 
lowship in a recognized and suitable 
training environment. They rapidly 
become integrated into the system 
and soon parallel the progress shown 
by graduates of US medical schools. 
Those who choose to return to their 
homeland after completion of their 


residency training will have fully 


benefited from the present superior- 
ity of the American postgraduate 
training concept and should bring 
back the clinical and academic know- 
how to make important contributions 
at home. Those FMGs who choose to 
immigrate to the United States after 
their “good” residency will find little 
difficulty in: passing required exami- 
nations, in practicing their specialty, 
or in initiating an academic career. 


Suggested Answers to Problems 


Since little can be done to directly 
influence medical education or stan- 
dards of medical practice outside the 
United States, or both, it is the re- 
vponsibility of the ECFMG to stan- 
cardize educational programs for 
FMGs and to exercise control over 
these programs. Indeed, it behooves 
all of us to eliminate the creation of 
second-class physicians in this coun- 
try. 

Although I recognize that problems 
concerning the training of FMGs are 
more complex than can be outlined in 
this short presentation, some alterna- 
tive solution to the present lack of or- 
ganization must be found. Hopefully, 
the system for training of FMGs 
should provide a mechanism in which 


individual as well as national needs. 


can be fulfilled. For the FMG inter- 
ested in, and capable of, pursuing 
an academic training program, as 
judged by previous medical school 
and professional performances, the 
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ECFMG could poll university pro- 
grams willing to supply positions for 
these selected individuals. The qual- 
ified candidates could apply for those 
positions directly, or preferably, 
through a centralized FMG academic 
matching program. 

For the FMG interested in a purely 
clinical training, the ECFMG could 
select suitable internship and res- 
idency programs from a large group 
of excellent university-affliated, mu- 
nicipal, federal, and private hospi- 
tals. Such ECFMG-endorsed pro- 
grams could again be made available 
to the FMG through an ECFMG clini- 
cal residency matching program. 

This organizational plan would 
make the number of FMGs admitted 
to the United States for training 
dependent upon the number of 
ECFMG-sanctioned programs and at 
the same time, the ECFMG would be 
in a position to exercise much needed 
quality control over the training of 
the FMG. 

Dr. WARREN: The final speaker is 
Francis D. Moore, MD, Moseley Pro- 
fessor of Surgery at Harvard Medical 
School and Surgeon-in-Chief at the 
Peter Bent Brigham Hospital. Dr. 
Moore has, during the last three 
years, devoted a significant fraction 
of his tremendous energy to accumu- 
lating data on medical and surgical 
manpower in this country. 


Medical Manpower 
in the United States 


Dr. Moore: Harvard has had some 
interesting historical problems with 
FMGs. Our second professor of sur- 
gery, born in 1809, was an FMG. His 
name was John Collins Warren. He 
would have been interested to realize 
that his great-great-grandson would 
be looking at this problem today. 
John C. Warren went abroad for his 
education and came back, as was the 
custom at that time. We have come 
full circle, because we have many 
Americans who will receive their 
medical education in countries other 
than the United States and then will 
return because our capacity is inade- 
quate. So we are going to have a third 
category of FMG, who are the John C. 
Warrens of this century. 

This country has never been under 


more vigorous assault because of its 
medical care system. Everyone at- 
tacks it; if you go to South America, 
England, or Sweden, you constantly 
are the butt of the comment, “Why 
don’t you do something about it?” 
Medicine, as a profession in this coun- 
try, has never been under such attack. 
We are doing everything wrong! And 
yet this country and the profession 
have never been more attractive to 
the young! This suggests that the 
people doing the attacking do not 
know what they are talking about. 

I believe we are about to experience 
a very remarkable sociological “back- 
lash” as we analyze the many fea- 
tures of the system of American med- 
icine that make it rather effective for 
many persons even though it has 
many striking weaknesses. 


Freedom vs Government 
Regulation of Medicine 


What makes this country and its 
medical care so attractive that many 
young people in the United States 
and thousands of persons from 
abroad wish to join us in the medical 
enterprise? I know it sounds senti- 
mental to say sa, but I believe the 
single word is “freedom.” It is our 
“freedom of career pattern and free- 
dom to care for the sick” that is so at- 
tractive. In many countries there is 
little freedom for physicians. Busi- 
nessmen and persons in other profes- 
sions still pursue their activities with- 
out government regulations, but the 
physician is highly regulated. In Swe- 
den and Great Britain this regulation 
is present though more muted, but 
the problem still exists. It is impos- 
sible to discuss this problem in Eng- 
land, Scotland, Wales, or Ireland 
without encountering the fact that 
where there is completely govern- 
ment-operated medicine and a salary 
system, certain people tend to stay at 
home, draw their salary, and fail to 
pull their part of the load. I suppose 
the analogous person here is the sur- 
geon who makes so much money in 
two days of the week that he doesn’t 
have to work the other four! 

We would all admit that “freedom” 
can be terribly misused. It can be 
translated into a laissez faire attitude 
that makes it virtually impossible for 
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many patier-s fo get the care they 
need. 

I suppose +at there must be some 
curtailment = freedom and the real 
question is, “Who will curtail it and 
do the regulating?” 

It is my @aviction that it is still 
possible to & this in the nonfederal 
sector and tæ- tais would be the best 
way to carry E t. 

Whatever =e may think about at- 
titudes coneerniag physicians’ free- 
dom, there cir be little question that 
a sharp redcetien in physician in- 
comes and tm mposition of sharp 
government regulation would do 
much to redsee the immigration of 
physicians frm ether countries. 

There is anecher interesting aspect 
of freedom a-d cf government regu- 
lation of med =ne. This has to do with 
the concept tat society or the public 
“owns” the-ac-aa_ person and activity 
of zhe physic-an. In situations where 
there is streg government regu- 
lation we see -hB quite clearly. The 
physician is #=ually forced to do his 
work, In a resent order in Quebec, for 
example, phy=iens were charged a 
$500 to $1,002 day fine if they did 
not show up `> work. 

In a sense ~ re is a basis for this. 
Medical educz=or is very expensive. 
The student raver pays the full cost. 
The rest of the. cost is borne by soci- 
ety in one war er another. Little won- 
der that soe=ty considers that it 
“owns” the bacy and activity of the 
physician anc wil attempt to order 
him around. Tis will become most 
not:ceable im sitaations where the 
physician’s wak does not appear to 
be discharged in = way that answers 
to the need ot secety. Society insists 
on medical care; t perceives that it 
must coerce psepl to get it. 


Unfortunately, nedical care simply 


cannot be givem under force or duress. 
The fundame-ta relationship be- 
tween patient ani physician is still 
one of mutual zust, concern, and de- 
votion. This tpe of human relation- 
ship does not tend itself to duress. 
Even in a pablie charity ward of 
the old-fashie-ed type with under- 
privileged pat =nta being taken care 
of by a resid=at staff, this sort of 
concern is cleatty evident. Under situ- 
ations where there is a large ex- 


Arch Surg/Vei E=, Sept 1973 










Table 3.—Percentage of Foreign 
Graduates in Various Training — 











Programs 
Training Program Percentage 

Neurosurgery 7 
Obstetrics-gynecology 19 
Otolaryngology 12 
Plastic surgery 14 
Rectocolon surgery 35 
General surgery 

Thoracic surgery 





change of money in exchange for 
medical care, this relationship may be 
absent. It cannot be equated with 
money or fee-for-service. 

One of the most remarkable things 
about certain phases of the British 
National Health Service is that they 
have maintained a society that cher- 
ishes a certain type of doctor-patient 
relationship despite the fact that 
much ef the doctor’s work is “owned” 
and in a subtle sense “forced” by soci- 
ety. 

Table 3 shows some trends in the 
proportions of FMGs in various train- 
ing programs in this country. It is 
evident that in thoracic surgery and 
general surgery, some 25% to 40% of 
candidates being certified for that 
specialty are currently FMGs. In cer- 
tain other fields the number is rising 
very steeply. It does not take much 
mathematics to conclude that if this 
trend continues, much of medical and 
surgical care in this country will be 
given, within the next 10 or 15 years, 
by persons whose native language is 
not English. 

We should also be aware that the 
public has been oversold on the con- 
cept of a shortage of physicians. With 
25 new medical schools opening since 
World War II and with the sudden in- 
crease in numbers of medical school 
graduates from 9,500 to 13,500, we are 
soon going to see a surplus of physi- 
cians in this country. Much of the cur- 
rent criticism of surgery arises from 
the fact that there are actually too 
many surgeons and too many sur- 
geons of certain types in many urban 
communities. Overproduction is not 
good for the country, for the patients, 
or for the practice of medicine. 

As soon as the country becomes 
aware that there may be a surplus of 
physicians and that overproduction of 
physicians is bad for everybody, I pre- 
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dict there will be a sharp reduction in 
the number of FMGs permitted to en- 
ter the United States and practice 
here. 


Discussion 


DR. SODEMAN: Dr. Moore’s remarks 
about many US students going into 
certain fields of surgery has also wor- 


- ried us. There is a tendency for FMGs 


to “fill in” in specialties that do not 
seem to interest Americans. If fewer 
Americans go into general surgery, 
we will have more FMGs in this area. 
One of the areas that bothers me 
most is pathology. It is not a very 
popular specialty in this country. At 
the present time, in the residency 
programs in pathology, about 50% are 
filled by FMGs and the slots are only 
85% filled. The results from the pa- 
thology boards show that FMGs do 
not do very well. This means that the 
examinations in pathology are likely 
to be at a lower standard if there 
were no FMGs in the specialty. We 
are actually lowering the standards 
that we use for our own people. These 
are real problems. 

Dr. Moore: There is another inter- 
esting problem. We tend to think of 
“rural” as a place where doctors do 
not go. But, the fact is that the doctor 
distribution in a slum in Caleutta is 
very poor because it is a bad place to 
be! We are an urban country and this 
is an economic problem. Interestingly 
enough, the distribution of surgeons 
in this country as a whole is quite 
even in the cities vs the rural coun- 
ties, proportioned for population, 
whereas the highly specialized and 
trained internist is very maldis- 
tributed. He is entirely an asphalt- 
jungle creature, concentrated in the 
cities. 

Dr. BART SAXBE: I would like to 
raise a point that these countries do 
not object as much as one would ex- 
pect them to about their loss of doc- 
tors. One point is that most of the for- 
eign countries from which we get 
doctors are far more stratified so- 
cially, and most of the physicians 
come from the upper classes. The up- 
per classes form opinion and policy in 
those countries and it is likely that 
people they know are emigrating. 
The people who are not getting the 
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care are voiceless, both politically and 
socially. They do not get the care, but 
they cannot do anything about it. 

Dr. SODEMAN: They do not have the 
expectations that other people have 
either. In the lower strata, there is no 
expectation for care and their needs 
are very different; many of the prob- 
lems are basic public health problems. 
And physicians who are trained in 
these developing and underdeveloped 
countries need a broader base in that 
general area than in the areas in 
which they get training here, so when 
they do go home, they are adaptable 
to that situation and can do other 
than only practice in their major 
cities. 

Dr. EDWARD ZALEN (member of the 
Department of Endocrinology at Pe- 
ter Bent Brigham Hospital who was 
trained in Pakistan): I have heard 
much criticism of FMGs. If they are 
so bad, why are they imported, and if 
they are imported, how do you expect 
them to do well if they are not being 
as well trained as American gradu- 
ates? You say FMGs are cheap labor. 
Why don’t you stop the import? If you 
did not need FMGs as cheap labor, 
you would stop it. 

Dr. SODEMAN: That is our real prob- 
lem. We are structured in such a way 
with law, and with freedom of action 
of people in programs, that they can 
continue to do this. If we want to do 
anything about it, we must change 
our law, our approach, and our atti- 
tude. I agree with you completely. 

Dr. Moore: There is another impor- 
tant point here that should be made. 
Why is the FMG cheap labor? Be- 
cause we can get FMGs into the hos- 
pitals to do the work, man the emer- 
gency ward, write the orders, and 
work up the admission for $10,000 to 
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$12,000 a year. If hospitals had to get 
one of their own native senior staff 
men, they would have to pay him two 
or three times this amount. To get 
hospital administrators to face up to 
their responsibilities in this area is 
a severe problem. When you get to 
some of the big, tax-supported munic- 
ipal hospitals, you are in an area 
where not only do they not wish to 
pay people proper wages, they do not 
have the money to do it. 

Dr. FREDERICK LANE: I would like 
to ask about American students who 
go to foreign medical schools, such as 
that in Guadalajara, Mexico, and then 
come back to this country to practice. 

Dr. SODEMAN: This is a group we 
should have had time to say some- 
thing about. It is a serious problem. 
We admitted almost 13,000 students 
last year from a pool of 36,000 to 
37,000 applicants. This leaves 22,000 
to 23,000 who could not get into medi- 
cal school. Of these, how many have 
the capabilities to go to medical 
school? It is difficult to estimate, but 
if we look at Medical College Apti- 
tude Tests and records, we can esti- 
mate that 40% to 60% have the capac- 
ity, but we do not have places for 
them. When these students return to 
the United States, they need help, 
and we have tried to devise tech- 
niques whereby we can do something 
for them. Currently, the Coordinated 
Transfer Application System (COT- 
RANS) is probably the best program. 
This arrangement, sponsored by the 
Association of American Medical Col- 
leges, makes it possible for US citi- 
zens in foreign medical schools to 
take part 1 of the National Boards. 
Successful examinees then become 
eligible for transfer to a medical 
school in the United States. 


Summary 

Dr. WARREN: Time is up. I will 
summarize by noting that 10,000 or so 
FMGs now enter this country each 
year, of whom approximately two 
thirds or three fourths will not return 
to their countries, that many of them 
come from poor training programs 
and enter poor programs here, that 
the maldistribution of physicians in 
this country is not alleviated, but 
rather aggravated, by the immigra- 
tion pattern, and that the FMGs who 
immigrate seem to have few worries 
about the brain drain from their 
countries. 

The panelists have suggested cer- 
tain remedial methods such as Dr. 
Sodeman’s two-track system and Dr. 
Castaneda’s proposal of a stronger 
role of the ECFMG in controlling 
quality. Dr. Moore, with Dr. Sodeman, 
feel that when the public and the pro- 
fession realize that the need for MDs 
is about to be satisfied, automatic 
controls on inflow will swing into ac- 
tion. We all agree that since neither 
FMGs nor native Americans want 
any second-class doctors, all of us, the 
FMGs who have become our fellow 
countrymen and ourselves, must work 
vigorously to see that this is not the 
case. Simultaneously, we must turn 
our attention urgently to the 20,000 
young Americans who now annually 
cannot find places in American medi- 
cal schools. 

I thank the participants, those who 
asked questions and contributed, and 
those who came, particularly the 
FMGs. I had planned to call on sev- 
eral more of you, but I apologize that 
time did not permit. It is becoming 
increasingly plain, however, that this 
subject is one that will require much 
more discussion in the future. 
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Surgery in Haiti 


Frank J. Lepreau, MD, Deschapelles, Haiti 


At Hôpital Albert Schweitzer in the center 
of Haiti 2,500 operations are performed 
each year. The author describes how, in his 
nine years on the surgical service there, he 
has developed ways to deal with the fraction 
of the overwhelming demand that has be- 
come the hospital’s responsibility. 

Limitations in laboratory work and anti- 
biotics are not only necessary but, in some 
cases, wise. Types of cancer and diseases of 
the gastrointestinal tract and vascular sys- 
tems are different from those of the United 
States and more like those of West Africa. 

Compromises in methods of managing 
urologic conditions and fractures are suited 
to the socioeconomic setting and are highly 
successful. 


ost of the surgery done in the 
world is still of the old-fash- 
ioned variety. There is plenty of it to 
do and “pa gain moun pou fait ca”— 
no one to do it. The Haitian Creole 
phrase is to draw your attention to 
the large Artibonite Valley: flat, ru- 
ral, poor, and 90 miles from Port-au- 
Prince. Forty-five of the Hépital Al- 
bert Schweitzer’s 162 beds are surgi- 
cal. In 1972 we did 2,556 operations, 
and there were 13,840 visits to the 
surgical clinic. 

Two colleagues, one position always 
being filled by a surgical resident 
from Yale, and I practice true general 
surgery in a one-to-one relationship 
with the patient from ward to oper- 
ating room to ward to home. I am an 
ardent supporter of advancing non- 
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physician personnel to assume in- 
creasing responsibility and I have 
done so at HAS, but except for very 
minor procedures, surgery still de- 
mands the presence of a well-trained 
doctor in daily contact with his pa- 
tients. What does this man need to do 
a reasonable job in Haiti? Good train- 
ing in the basics and enough re- 
sourcefulness to take on emergency 
surgery in every area of the body. He 
must be wise enough to know his limi- 
tations in elective work, which for me 
means brain surgery and certain com- 
plex orthopedic procedures, but I feel 
at home in the chest. He must have a 
small how-to-do-it library: The Hand- 
books of Operative Surgery published 
by Year Book Medical Publishers Inc; 
Watson-Jones’s Orthopedics; Boyce’s 
Urology; Converse’s five volumes on 
plastic surgery; Eastman’s Obstetrics; 
Lawson and Stewart’s Obstetrics and 
Gynaecology in the Tropics; Swenson 
or a similar pediatric surgical text; 
Medical Care in Developing Countries 
by Maurice King; Cecil Loeb’s Text- 
book of Medicine; Nelson’s Pediatrics; 
and of course that Baedeker of the 
body, The Merck Manual. Both for 
education and intellectual stimula- 
tion, I recommend the Surgical Clin- 
ics of North America, Lancet, New 
England Journal of Medicine, and 
Annals of Internal Medicine. I find 
myself reading these nonsurgical 
journals with more pleasure than I do 
the surgical ones. 

I have never been without an excel- 
lent anesthesiologist using good 
equipment, so I have no comment on 
how one can function with less, but I 
would give good anesthesia high pri- 
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ority. Respirators are unnecessary. 

A single strong operating room su- 
pervisor can keep a less-trained staff 
at high performance. We have two 
other RNs in our three operating 
rooms, but in a few weeks there will 
be only the supervisor and one other 
RN. I often do a major pulmonary re- 
section with a_physician-assistant 
and no one else in the room at any 
time who has had anything beyond 
eighth grade education except for 
their training here. I keep the night 
work at a minimum because the work 
load of the day is so heavy. Instru- 
mentation should be simple, no gad- 
gets to need repair. One should have a 
Humby knife or a Braithwaite modi- 
fication of it because of their sim- 
plicity in case the Brown or Padgett 
dermatome goes out. Since unskilled 
help is cheap and the logistics of in- 
ternational trade and customs are in- 
credible, a minimum of throwaways is 
mandatory. It would not be so bad if 
one could depend on that four-month 
lead time for an order; however, it 
often takes longer, and on arrival at 
the hospital a significant portion may 
be missing, either taken en route or 
not shipped by the manufacturer. 

Is it my 60 years, my experience, 
my penuriousness, or sloppiness that 
makes me need so little laboratory 
work? Of course, I think it is experi- 
ence, plus my wish to keep expenses 
down. The routine patient gets a uri- 
nalysis and a test for hemoglobin 
level. Many show a hemoglobin level 
below 10 gm/100 ml, and we give 
blood, maybe only 1 unit of 500 ml to 
an adult, to bring the level to the 10 
gm/100 ml before anesthesia. Our 
anesthetist insists on this precaution 
against cardiac arrest under anesthe- 
sia. I can recall only one. 

Obtaining blood is not difficult—it is 
a part of the’clinic admission. We use 
practically no oxygen on account of 
the expense, but we have not needed 
it. Intravenous solutions and the com- 
mon drugs are on hand. Our anti- 
biotics are penicillin, streptomycin 
sulfate, chloramphenicol, and sulfi- 
soxazole. We also have kanamycin 
sulfate and ampicillin, but because of 
cost, they are used rarely, and then 
only after my approval for any pa- 
tient in the hospital—usually a child 
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with neonatal sepsis or someone des- 
perately ill who has not responded to 
other antibiotics. We use chloram- 
phenicol not only for typhoid but for 
numerous other infections, and have 
seen no toxic problems. Many of our 
Staphylococcus organisms are penicil- 
lin-resistant on the culture plate but 
not in the patient. 

It is a truism that some answers to 
the cause of cancer lie in its geo- 
graphic distribution. The difference in 
the diseases between Haiti and the 
United States is striking. Our people 
in the Artibonite Valley are 100% 
black who originated in West and 
Central Africa. They walk great dis- 
tances and work hard; the men till 
their fields with cumbersome long- 
handlec hoes; the women carry heavy 
burdens on their heads. Because they 
have little food, and that chiefly rice 
and vegetables, they are thin but, 
when healthy, have magnificent bod- 
ies. They eat little fat, do not smoke 
cigarettes, and drink little alcohol. 
We see a considerable amount of can- 
cer of the stomach as we did when I 
was an intern in 1939. Polyps and 
cancer of the colon occur infre- 
quently. The only skin cancer I have 
seen in a black person is malignant 
melanoma, almost always far-ad- 
vanced and on the periphery of the 
sole, which we treat by generous exci- 
sion and inguinal dissection and, re- 
cently, with BCG scarification as de- 
scribed by Bluming et al.’ Far- 
advanced cancer of the cervix is all 
too common, while cancer of the cor- 
pus uteri is rare. Cervical eancer is 
virtually untreatable. There is a co- 
balt bomb in Port-au-Prince, but 
problems of the expense and logistics 
of getting our poor illiterate patients 
into town, keeping them there during 
treatment, and paying for it are in- 
surmountable. Cancer of the penis 
and prostate are fairly common. We 
do reasonably well with penile cancer 
by amputation and inguinal node dis- 
section; for prostatic cancer we do 
orchiectomy. We see Wilms tumor 
and retroperitoneal neuroblastoma in 
children, but rarely an adult with can- 


cer of the kidney or bladder. The inci- 


dence of retinoblastoma in children is 
high. 
In the past five years, we have had 


26 patients with primary caneer of 
the liver, often in young people, and 
sometimes superimposed on nonalco- 
holic cirrhosis. Everything else is 
moldy, so I presume that our peanuts 
are moldy too, but I have no idea 
about their aflatoxin level. We see 
one patient with cancer of the lung a 
year, and it always occurs in a ciga- 
rette smoker. In 1972 we took 8,148 
chest x-ray films. We have no Burkitt 
tumor; lymphoma, Hodgkin disease, 
and leukemia are rare. 

Peptic ulcer disease is very com- 
mon, often in young persons and al- 
most invariably presents as obstruc- 
tion. Perforation and bleeding are 
infrequent. Why? We cannot make a 
statement about pain, that fourth 
classic indication for surgery, because 
of so many people with mal en bas 
coeur (pain under the heart) due 
to worms or hunger, which we really 
cannot differentiate from ulcer pain. 
For the past six years a radiologist 
has been here full-time for six months 
during the winter, and in these peri- 
ods the incidence of ulcer disease has 
risen precipitously. The rest of the 
year we have an increase in “worms.” 
We see one case of appendicitis a 
month, usually far-advanced because 
of both the patient’s and the physi- 
cian’s slowness to recognize it as 
something more than a bellyache 
brought on by aseariasis or amebiasis. 
The diagnosis o? appendicitis occurs 
much more often in Port-au-Prince, 
and I concur with the statement at- 
tributed to Professor McAdam of the 
surgical service at Mulago Hospital in 
Kampala, Uganda: “When I see an 
African with a bellyache who speaks 
English and has shillings in his 
pocket, he has appendicitis.’ 

In 1972, we treated six perforated 
ulcers of the ileum due to typhoid fe- 
ver. I am uncertain whether it is bet- 
ter to operate or not, and there are so 
many variables in the cases that it is 
difficult to formulate a policy on the 
basis of past results. In recent years 
we have been operating and plicating 
the perforation if the patient is not 
moribund. We plicate the ileum with 
3-0 or 4-0 silk mattress sutures and 
then buttress the area agaimst the 
mesentery. The technical problems of 
inflammation or thinness or indura- 
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tion arounc the ulcer, the duration of 
the peritomits, and the dehydra- 
tion are prebl2m¢ enough, but super- 
imposed or taese is a patient woe- 
fully sick with a major systemic 
disease. I av= never seen a case of 
diverticulits »* -he sigmoid in my 
nine years mepe. 

Peritonsilar abscesses and Ludwig 
angira occur mew and then. and it is 
surprising tha: many well-trained 
young surgeoms know little about 
them Even the largest of these infec- 
tions subsid&s witn intravenously ad- 
ministered peacilin. We see some 


bad mastoiditis o*casionally running 


down the cera d sheath, and others 
with a cholest-etcma. With the help 
of frends at dale, I have dissected 


some tempora. bes, but this mas- 


toid surgery aad «omplicated obstet- 
rics are the tags that frighten me 
most. 

Sinee there s @nsiderable pulmo- 
nary infector, we still encounter 
lung abscesses and empyemas. Here, 
too, itis wel thet young surgeons can 
learn about these Giseases that gener- 
ally responc t proved methods of 
drainege I presume that there is 
more bronchæc-asE in children than I 
recognize bezatse I do not have time 
to do ell the md cated bronchography. 

The medical szaf has a great time 
making the «iazmcsis of acute tuber- 
culous. pericerditis by physieal signs 
and pericarčal cap. We do not have 
the more esete~c radiographic tech- 
niques. Since adopting the protocol 
publisaed by Reen-y et al’ for treat- 
ing such patEn-s with isoniazid, ami- 
nosalieylic acic, streptomyein, and 
prednisone iritz=Jly), and tapering the 
last tc end at ewlt weeks, we have 
had nme wip reeded surgery. Their 
response has t==n dramatie; not a 
great deal Œ -m= has elapsed, of 
course. but taer heve certainly done 
well. 

Hematogenmot= osteomyelitis of the 
femur and humesucs in a child without 
sickle ell diseese follows the usual 
bacterblozgical pattern. Pyarthrosis 
of the hip is commnoa, and in those un- 
der 2 years o a=, hemophilus seems 
to be tae predoranant organism. Os- 
teomyelitis aways presents a diag- 
nostic problera t=2aise, if one expects 
a good result. inc2nsive therapy must 
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be started before x-ray changes ap- 
pear..If the response to antibiotics is 
not dramatic in 48 hours, the bone 
should be drained. In a patient with 
sickle cell disease, all the symptoms of 
acute osteomyelitis can be due to sick- 
ling. This makes the decision about 
treatment much more difficult for we 
know a sickler is prone to develop sal- 
monella osteomyelitis. 

There is a fair amount of orthope- 
dics, many of the fractures the result 
of falling off horses and out of mango 
trees. We go to extreme lengths to 
avoid the use of traction because it 
ties up a bed for so long. We put in- 
tramedullary rods in femurs; others 
we try very hard to reduce closed and 
send the patient off with a cast. Our 
results have been good. When a per- 
son returns with bedbugs in his cast, 
we reluctantly replace it with a new 
one and hope to maintain the posi- 
tion. This may be difficult if the 
original position was hard to secure, 
but speaking as one who has been 
plagued with bedbugs, I can truly ap- 
preciate the fiery itch that these 
people suffer. In certain open, badly 
displaced fractures of the femur and 
into the knee joint, I have become an 
ardent Watson-Jones supporter, put- 
ting these patients up in traction and 
having them move the knee very 
early. We have been pleased to find 
excellent function in spite of abomi- 
nable anatomical alignment. With 
so much orthopedics and extremity 
work, our service would be improved 
by substituting an orthopedist for 
one of the three general surgeons. He 
would, however, also be called upon to 
do hydroceles, hernias, and skin 
grafts; always on the ward are at 
least four burn patients, usually chil- 
dren. 

Ectopic pregnancy and acute pelvic 
inflammatory disease are rather com- 
mon. The easiest way to diagnose the 
former is by abdominal or vaginal 
tap, and no time should be wasted in 
doing it. Autotransfusions are simple 
and mean a great saving of blood. We 
have had three cases of abdominal 
pregnancy with recovery after a pro- 
longed course where we have removed 
the fetus and not touched the pla- 
centa. There is a moderate amount of 
cancer of the ovary and many, many 


fibroids. Each year brings about four 
cases of vesicovaginal fistula. I use 
the lithotomy position and have had 
quite good results. There have been a 
few distressing situations when the 
bladder is torn off the urethra at the 
urethrovesicle junction, and I have 
achieved closure of the fistula but left 
the patient still incontinent. 
Obstetrics is my most trying surgi- 
cal problem. We do not run an ob- 
stetrical service, yet I must take care 
of the complicated cases. Fortunately, 
almost all the women in this area de- 
liver normally at home. I have not 
seen a third-degree tear since I have 
been in Haiti. Occasionally a patient 
will come in with obstructed labor. 
This situation causes us concern if it 
is her first birth, for we do not like to 
do a primary section, worried as we 
are that during future pregnancies, — 
she may not return early enough and 
sustain a ruptured uterus at home. 
Sometimes I have waited too long. I 
am not good with forceps. On occa- 
sion I have used the vacuum extractor 
with some satisfaction. Often a multi- 
para appears with a prolapsed arm 
and a dead fetus. I have thought it 
best to handle this condition as rec- 
ommended by Dr. John Corbitt of the 
Lankenau Hospital in Philadelphia 
(oral communication, May 1971): to 
amputate the arm and do a cesarean 
hysterectomy to avoid peritonitis. 
Urethral strictures due to old gon- 
orrhea are common, and they often 
present as huge periurethral ab- 
scesses with urinary retention. I treat 
this with wide incision and drain- 
age and suprapubic cystotomy. Two 
months later as an outpatient, I begin 
to dilate the stricture beginning with 
a No. 8 F sound. When I get to a No. 
14 or No. 16, I pass a Foley catheter 
on a guide, and this is left in place for 
two weeks, and then each subsequent 
fortnight I replace it with a larger 
Foley until I get to a No. 20, leaving 
that one in for two weeks. The initial 
sounding is difficult and dangerous, 
but I have had no perforated urethras 
and had only one case where I could 
not get through from below. This pa- 
tient I treated by working both ways 
through the bladder and penis, finally 
getting a No. 8 catheter through, 
stitching it in place and suturing a 
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2-0 silk into each end of the catheter, 
making the whole thing a circle so I 
could go round and round increasing 
the size of catheter in the subsequent 
weeks—the same way one uses Tucker 
dilators through a gastrostomy in a 
neonatal esophageal stricture. Ure- 
throplasties have not been needed. 
Benign prostatic hypertrophy is com- 
mon and presents as total obstruc- 
tion. These men wear a catheter sev- 
eral weeks preoperatively and 
perhaps for two weeks postopera- 
tively, and do not develop epididy- 
mitis. I do not do a vasectomy or give 
urinary antiseptics in these cases. We 
have about one patient a year with a 
urinary calculus. The water is alka- 
line as the whole island is limestone 
just a few inches below the ground. 

Arteriosclerotic disease of all types 
is unusual, presumably owing to the 
low fat intake and the strenuous 
exercise of the people. We see some- 
thing quite analogous to, and perhaps 
identical with, Buerger disease. I 
have seen only one patient with vari- 
cose veins, and venous thrombosis 
and pulmonary embolism are quite 
unusual. 

Tuberculosis is everywhere. At 3% 
of our population, our incidence rate 
may be the world’s highest. Some 
chest x-ray films look like snow 
storms. We see it involving the lungs, 
meninges, spine, hip, cervical nodes, 
intestine, and peritoneum, but not 
the genitourinary tract. In the abdo- 
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men, it occasionally simulates meta- 
static cancer. Two years of drug ther- 
apy with isoniazid-aminosalicylic acid 
or amithiozone (thiacetazone) plus 
streptomycin for the first three 
months—if the patient can get it— 
produce reliable results in all forms of 
tuberculosis—if the patient will take 
the medicines. In cases of pulmonary 


tuberculosis showing persistent or re- 


current cavitary disease, we often do 
surgery, usually a resection, because I 
am readily available as a chest sur- 
geon and, with a combination of sur- 
gery p.us about four months of su- 
pervised second-line drugs, we can 
expect a negative sputum. Without 
surgery this favorable outcome would 
require 11% to 2 years, and we can af- 
ford neither the beds nor the medi- 
cines. Long-term results among 500 
operated patients were 1.8% mortal- 
ity at 60 days. At two years, 87% are 
well and with inactive disease. At 
five years, at least 78% are well with 
inactive disease. 

Tetanus is handled by our anesthe- 
siologist closely cooperating with 
pediatrics, medicine, and surgery. 
Would you believe that two hours 
from Miami, we stand at 980 cases of 
tetanus since 1956? Our mortality is 
22%. This does not include 3,200 cases 
of neonatal tetanus. 


How to Function? 


Take it as it comes and keep up on the 
paper work and each patient’s prob- 


lems today. That light Wednesday af- 
ternoon never comes. Each day brings 
its own challenging crop of new pa- 
tients and new problems. In the 
clinic, get the lab work, x-ray, and 
consultations with your colleagues on 
that initial visit. Your patient’s re- 
turn visit may mean 24 hours on foot 
or donkey or an expensive bus ride. 
He cannot call in for results. Osler’s 
recommendation to live in “day-tight 
compartments” is easy to follow; to- 
morrow is unpredictable and you are 
too busy today and too tired tonight 
to fret about yesterday. Do not, how- 
ever, sweep your mistakes under the 
rug. Once a month we review poor re- 
sults and deaths on all services in a 
session that must be honest and open, 
and the criticism the same but gentle, 
I guess one’s motto might be “Keep 
trying and keep learning.” 

It is like those old open wards at 
Hopkins, Cincinnati, and the Brig- 
ham—no insurance forms, no com- 
mittee work, just surgery. 
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Where do you stand on this 
Legislation? 
Test Yourself: 
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Maternal and Child Care programs? 


Federal funds to expand medica! 
schools? 


Federal aid to medical students? 
Expanded nurse training programs? 


Expanded physician's assistant pro- 
grams? 


Restricted experimentation of 
HMO's? 


More effective occupational health 
and safety laws? 


Nation-wide program of community 
emergency medical services? 


Voluntary national health insurance? 


National health insurance plan fed- 
eralizing all healthand medicalcare? 


lf you're for the first nine but against the tenth, 


you stand where the AMA stands. We have 
vigorously supported virtually all recent legis- 
lation to provide more and better health care 
for the public. We have just as vigorously op- 
posed any plan that would infringe on your right 
to practice the way you choose. 


On such vital issues, the AMA is the most effec- 
tive and influential spokesman that we, the 
profession, have. Together, we can make it even 
more effective in representing ourselves, and 
Our Views. 


Join us. 
We can do much more together. 


American Medical Association 
535 N. Dearborn St./Chicago, III. 60610 





Lederle Laboratories presents 
EXPLORATIONS IN ANTIMICROBIAL THERAPY 


microbial specificity in a wide range of 
hospital infections due to susceptible 
pathogens” 






MINOCYCLINE HC 
INTRAVENOUS 100 mg/vial 


Meets bacterial 
challenges 
in the hospital 











MINOCIN Minocycline HCI 
Intravenous administered 
in dosages identical to 
the usual oral regimen of 
MINOCIN, 200 mg 
initially, 100 mg q. 12 h. 
provides prompt 
antimicrobial serum 
levels to control in- 
fections caused by 
susceptible patho- 
gens in the hospital 
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Table Il 


MINOCIN I.V. use 


MINOCIN can be as recommende 
effective in the rarely results i 
treatment of pneu- thrombophlebiti: 
monia, skin and If MINOCIN I.V. | 
soft tissue infec- given over prc 
tions, bacteremia longed period: 


however, thron 
bophlebitis ma 
occur. In all appl 
cable cases, or 
MINOCIN should b 
instituted as soon a 
possible 


and septicemia. In 
hospital infections, 
it can be useful 
against populations 
of pathogens 
assuming increasing 


*When bacteriologic testing indicates appropriate 
susceptibility to MINOCIN Minocycline HCI. 
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MINCCIN minocycline HCI 3 
penetration levels after oral administration: 
+ respiratory, G.|.,G.U. and other tissues/fluids 


‘TABLE | 


AVERAGE CON- AVERAGE CON- 
CENTRATION CENTRATION 
mcg/gm OR ml meg/gm OR ml 





3 SALIVA 
MEMBRANE) 
SKIN 
“a 
The major part ef the d= n umans was derived from the pharmacologic trial in patients scheduled for various types of surgery. 
They were given the MIENTO NJoading dose of 200 mg initially followed by 100 mg at 12-hour intervals for four days. At the time of 
surgery, Æ blooc sample ws rawn and a two-gram specimen of excised tissue was reserved for analysis. 
TABLE II 
PENETRET= & SITES OF INFECTION TO IN VITRO ACTIVITY+ OF MINOCIN Minocycline HCI 
pi INCLUDING PATHOGENS AND NONPATHOGENS++ 
NUMBER OF 
SITES OF SURGERY/INFECTION y 
PATHOGEN™ (NOT INCLUSIVE) ORGANISM Sesten | activity 
=- Bacteroides sp. Gallbladder 1 
pe Lower G.I. Tract 
Female G.U. Tract Staphylococcus aureus 56 56 
| Diplococcus pneumoniae 35 31 
- Clostridium sp. Gallbladder Streptococcus, group A 63 57 
Streptococcus, group B 12 6 
E. coli ge isd Streptococcus, group C 3 3 
G U. Tract Streptococcus, group G 3 3 
Streptococcus viridans 31 30 
Klebsiella sp: Respiratory Tract Enterococcus 36 6 
G.U. Tract Neisseria gonorrhoeae 25 21 
D - w sak FN, Hemophilus influenzae 15 1 
sehi Caii ide had TOS Escherichia coli 48 32 
Proteus sp. +++ 34 3 
Enterobacter G.I. Tract $ 
| (Aerobacter’ G.U. Tract Klebsiella 7 9 
| Enterobacter aerogenes 3 3 
| H. influenzae Respiratory Tract Enterobacter cloacae 7 3 
Serratia 4 4 
‘> Enterococcus Lower Bowel Herellea 7 7 
G.I. Tract 
Mima polymorpha | 1 1 
Pseudomonas aeruginosa ++ 15 
Mima-Herellza sp. Urethra X i 
Vaginal Tract 
Staphylococcusarrsss™** Skin and Soft Tissue 
*When bacteriolagic tesitqarmicates appropriate susceptibility to + No direct correlation should be inferred between in vitro and 
MINOCIN Minocycline—C - in vivo activity. 
**MINOCIN not activesg w=t roteus sp. or Pseudomonas. tT No approved clinical indication for MINOCIN therapy in infections 
ler Tetracyclines are not thuc of choice in the treatment of any type of due to Proteus sp., Pseudomonas. 
staphyloccccal imfecttom: .MPNOCIN is indicated for treatment of +++ Includes two strains of P. morganii and P. rettgeri and 32 of 
Staphylococcus aures m =xi+ and soft tissue infections only when P. mirabilis. 


bacteriologic tess indica’ «appropriate susceptibility to the drug. 


Before prescribing MINOCIN, please refer to the prescribing information for full description 
of adverse effects and precautions, a copy of which is on the last page of this advertisement. 
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the meaning of microbial specificity with 
MINOCIN 
MINOCYCLINE HCI 


semisynthetic tetracycline 
for office and hospital 





MINOCIN provides 
effective therapy with 
relatively few problems 


® Penetrates tissues of respiratory, G.I. and 
G.U. tracts, skin and muscle. 


® No photosensitivity to date. 


@ Well absorbed even with food, dairy 
products or colas. 


® Enamel hypoplasia/tooth staining can 
occur in children under eight. 


® if renal impairment exists, lower than 
usual doses are indicated. (See WARNING 
in Package Insert.) 


@ Lightheadedness that may occur is tran- 
sient, disappearing during therapy or always 
after therapy is completed. 


® Dosage form flexibility: supplied as 50 mg 
and 100 mg capsules, 50 mg/5 cc syrup, and 
100 mg/vial intravenous. 


Lederle Laboratories 
ederle A Division of American Cyanamid Company 
Pearl River, N.Y. 10965 


NEW 
50 mg 
CAPSULE 


...if more 
frequent doses 
are preferred 







MINOCIN’ Minocycline Hydrochloride 


Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochlo- 
ride is a semi-synthetic derivative of tetracycline. 
7-dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride 


Intravenous: Each vial, dried by cryodesiccation, 
containssterile Minocycline Hydrochloride equiva- 
lent to 100 mg. Minocycline. When reconstituted 
with 5 cc. of Sterile Water For Injection the pH 
ranges from 2.0to 2.8 


ACTIONS: Microbiology. The tetracyclines are pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein syn- 
thesis. Minocycline KCI is a tetracycline with anti- 
bacterial activity comparable to other tetracyclines 
with activity against a wide range of gram-negative 
and gram-positive organisms. 

Tube dilution testing: Microorganisms may be 
considered susceptible (likely to respond to mino- 
cycline therapy) if the minimum inhibitory concen- 
tration (M.1.C.) isnot more than 4.0 mcg./ml. Micro- 
organisms may be considered intermediate 
(harboring partial resistance) if the MIC. is 4.0 to 
12.5 mcg./ml. and resistant (not likely to respond to 
minocycline therapy. if the M.I.C. is greater than 
12.5 meg./ml. 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 mcg. 
tetracycline disc) givesa zone of 18 mm. or greater. 
the bacterial strain is considered to be susceptible 
to any tetracycline. Minocycline shows moderate 
in vitro activity against certain strains of 
staphylococci which have been found resistant to 
other tetracyclines. For such strains minocycline 
susceptibility powder may be used for additional 
susceptibility testing 


INDICATIONS. MINOCIN minocyeline HCI is indi- 
cated in infections caused by the following micro- 
organisms: 

Rickettsiae: (Rocky Mountain spotted fever, ty- 

phus fever and the typhus group. Q fever, rickett- 

sialpox, tick fevers.) 

Mycoplasma pneumoniae (PPLO, Eaton agent). 

Agents of psittacesis and ornithosis. Agents of 

lymphogranuloma venereum and granuloma in- 

guinale. The spirochetal agent of relapsing fever 

(Borrelia recurrentis). The following gram-nega- 

tive micro-organisms: Hemophilus ducrey! 

(chancroid), Pasteurella pestis and Pasteurella 

tularensis, Bartonella bacilliformis, Bacteroides 

species. Vibrio comma and Vibrio fetus. Brucella 
species (in conjunction with streptomycin). 

Because many strains of the following groups of 
micro-organisms have been shown to be resistant 
to tetracyclines, culture and susceptibility testing 
are recommended. 

MINOCIN minocycline HCI is indicated for treat- 
ment of infections caused by the following gram- 
negative micro-organisms, when bacteriologic test- 
ing indicates appropriate susceptibility to the drug: 

Escherichia coli, Enterobacter aerogenes (for- 

merly Aerobacter aerogenes). Shigella species, 

Mima species and Herellea species, Haemo- 

philus influenzae (respiratory infections), Kleb- 

siellaspecies (respiratory and urinary infections). 

MINOCIN is indicated for treatment of infections 
caused by the following gram-positive micro-or- 
ganisms when bacteriologic testing indicates ap- 
propriate susceptibility to the drug: 
Streptococcus species: Up to 44 percent of strains 
of Streptococcus pyogenes and 74 percent of 
Streptococcus faecalis have been found to be re- 
sistant to tetracycline drugs. Therefore, tetracy- 
clines should not be used for streptococcal disease 
unless the organism has been demonstrated to be 
sensitive 

For upper-respiratory infections due to group A 
beta-hemolytic streptococci, penicilin is the usual 
drug of choice, including prophylaxis of rheumatic 
fever 
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PEDIATRIC DOSAGE 
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MINODIN Syrop 
50 mg 5 co 


Diplococeus pneLmon 2e, 

StaphyYloceccus amreus, skin and soft tissue infec- 
tions. Teteacyslines arenotthe drug of choice in the 
treatments of any type cf staphylococcal infection. 

When penicillin ‘scontraindicated, tetracyclines 
ty alternative drugs ir the treatment of infections 

ue to» 

Neissevia gonorrhoeae, Treponema pallidum and 

Treponema pertenue (syphilis and yaws), Listeria 

monectogenes Ciestrdium species, Bacillus 

anthracis. “uscbacterium fusiforme (Vincent's 
infection), Actinemyces species $ 

In acute intestina! amebiasis, the tetracyclines 
may bea use’ ul a@jwnc: to amebicides. 

MINOGIN is indicated inthe treatment of tracho- 
ma, altrcugh the infectious agent is not always 
eliminated, as judged by immunofluorescence. In- 
Clusioncenju ctivetis may be treated with oral tetra- 
Pahoa or wth acompination of oral and topical 
agents. 


Oral orty: In severe acne, the tetracyclines may 
be useful adjunctwe therapy. Minocycline is indi- 
cated in the teatment of asymptomatic carriers of 
N. men neitia’s tomliminate meningococci from the 
nasopharynx 

In orde% to preserve the usefulness of MINOCIN 
— minocysime HCI ia the treatment of asymptomatic 
meningoeoccal cermers, diagnostic laboratory pro- 
cedures, including sesotyping and susceptibility 
testing.should be performed to establish the carrier 
state ard the correct treatment. It is recommenced 
that thedaug be reserved for situations in which the 
risk of meningocosca! meningitis is high. 

_ Minocycline is motimdicated for the treatment of 
meningococcal insectian. 


CONTRA NDICATIONS. This drug is contraindi- 
cated in fersens whe have shown hypersensitivity 
to. any of the tetracyclines. 


WARNINSS. in the presence of renal dysfunction. 
particulary ir pregnamey, intravenous tetracycline 
therapy in-dai’y doses exceeding 2 grams has been 
associated with deaths through liver failure. 

_ Wher the need fer intens:ve treatment outweighs 
its potential dan məstly during pregnancy or in 
individua weh or suspected renal or liver 
impairment), i isacvisable ormrenalandliver 
function testsdefœsandduring therapy. Also tetra- 
cycline se@urr concentrations should be followed. 

If renal mpairment exists, even usual oral or par- 
enteraldcses nay ead to excessive systemic accu- 
mulation af tne drug and possible liver toxicity. 
Under such conditons. Ower than usual total doses 
are indic&ãed. andřif therapyis prolonged, serum 
level dete mimations-of the-drug may be advisable. 
This hazard is of particular importance in the paren- 
teral ad nmist ation of tetracyclines to pregnant or 
post-partum >oatiemts with pyelonephritis. When 
used under these circumstances, the blood level 
should nat excee! 15 micrograms/ml. and liver 
function tests shovidibemadeat frequent intervals. 
Other potentially tematotoxic drugs should not be 
prescribed concomiutanty. 

The use of tetracycliaes during tooth develop- 
ment (last nalfiof pre@nancy, infancy, and childhood 
to the age of 8 years) may cause permanent dis- 
coloratiomof tne teeth (yellew-gray-brown). This ad- 
verse reaetiom is more common during long-term 
use of thedrugs but has been observed following 
_ repeated short-term courses: Enamel hypoplasia 
_ has also beer reportec. Tetracyclines, therefore. 
should mor be-usec im this age group unless other 
drugs are not likety to Be effective or are contra- 
indicated. 

Photosensit vity "ran fested by an exaggerated 
sunburr reaction has been rved in some indi- 
viduals taking tetracyclines. Patients apt to be ex- 
posed to cirect sunlight or ultraviolet light should 
be advised that this reaction can occur with tetra- 
cycline drugs. and treatment should be discontin- 
ued at the irst evicence ef skin erythema. Studies 
todate indicate thatphetosensitivity does not occur 
with MINGCIM mirocycime HCI. 
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2 teaspoonfuts 
(100 mg) initially, 
1 teaspoonful 
(50 mg) q.i.d 
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The antianabolic action of the tetracyclines may 
cause an increase in BUN. While this is not a prob- 
lem in those with normal renal function, in patients 
with significantly impaired function, higher serum 
levels of tetracycline may lead to azotemia, hyper- 
phosphatemia, and acidosis. 

CNS side effects including lightheadedness, diz- 
ziness or vertigo have been reported. Patients who 
experience these symptoms should be cautioned 
about driving vehicles or using hazardous machin- 
ery while on minocycline therapy. These symptoms 
may disappear during therapy and always dis- 
appear rapidly when the drug is discontinued. 


Usage in Pregnancy. (See above ‘Warnings about 
use during tooth development.) 


Results of animal studies indicate that tetracy- © 


clines cross the placenta, are found in fetal tissues 
and can have toxic effects on the developing fetus 
(often related to retardation of skeletal develop- 
ment). Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 


Usage in newborns, infants, and children. (See 
= “Warnings about use during tooth develop- 
ment. 

Alltetraeyclines form a stable calcium complex in 
any bone forming tissue. A decrease in the fibula 
growthrate has been observed in prematures given 
oral tetracycline in doses of 25 mg/kg. every 6 
hours. This reaction was shown to be reversible 
when the drug was discontinued. 

Tetracyclines are present in the milk of lactating 
women who are taking a drug in this class. 


PRECAUTIONS. As with other antibiotics prepara- 
tions, use of this drug may result in overgrowth of 
nonsusceptible organisms. including fungi. If super- 
infection occurs, the antibiotic should be discon- 
tinued andappropriate therapy should beinstituted. 

In venereal diseases when coexistent syphilis is 
suspected. darkfield examination should be done 
before treatment is started and the blood serology 
repeated monthly for at least 4 months. 

Because tetracyclines have been shown to de- 
press plasma prothrombin activity, patients who are 
on anticoagulant therapy may require downward 
adjustment of their anticoagulant dosage. 

In long-term therapy, periodic laboratory evalua- 
tion of organ systems, including hematopoietic. 
renal and hepatic studies should be performed. 

All infections due to Group A beta-hemolytic 
streptococci should be treated for at least 10 days. 

Since bacteriostatic drugs may interfere with the 
bactericidal action of penicillin, it is advisable to 
aita giving tetracycline in conjunction with peni- 
cillin. 


ADVERSE REACTIONS. Gastrointestinal: Ano- 
rexia, nausea, vomiting, diarrhea, glossitis, dys- 
phagia, enterocolitis, and inflammatory lesions 
(with monilial overgrowth) in the anogenital region. 

These reactions have been caused by both the 
oral and parenteral administration of tetracyclines. 
Skin: Maculopapular and erythematous rashes. 
Exfoliativedermatitis has been reported but is un- 
common. Photosensitivity is discussed above. (See 
“Warnings. ) Renal toxicity: Rise in BUN has been 
reported and is apparently dose related. (See 
“Warnings. ) Hypersensitivity reactions: Urticaria, 
angioneuretic edema, anaphylaxis. anaphylactoid 
purpura, pericarditis and exacerbation of systemic 
lupus erythematosus. Bulging fontanels have been 


-reported in-young infants following ful! therapeutic 


dosage. This sign disappeared rapidly when the 
drug was discontinued. Blood: Hemolytic anemia. 
thrombocytopenia, neutropenia and eosinophilia 
have been reported. CNS: (See Warnings.) When 
given over prolonged periods, tetracyclines have 
been reportedto produce brown-black microscopic 
discoloration of thyroid glands. No abnormalities 
of thyroid function studies are known to occur. 


DOSAGE AND ADMINISTRATION: ORAL. Therapy 
should be continued for at least 24-48 hours after 


4 mg/kg initially. 
2mg/kgq. 12h. 
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2 mg/kg q. 12h. 


4 mg/kg initially. 
2 mg/kg q. 12h. 








1 Vial 100 mg 
Box of 100 Vials 















Bottles of 50's and 100s; 
Unit dose 10 x 10s. 









Bottles of 100s 





2-fluidounce Bottles 


symptoms and fever have subsided 

Concomitant therapy: Antacids containing 
aluminum, calcium. or magnesium impair absorp- 
tion and should not be given to patients taking oral 
tetracycline. 

Studies todate have indicated that the absorption 
of MINOCIN is not notably influenced by foods and 
dairy products. 

In patients with renal impairment: (See “Warn- 
ings.) Total dosage should be decreased by reduc- 
tion of recommended individual doses and/or by 
extending time intervals between doses 

In the treatment of streptococcal infections. a 
therapeutic dose of tetracycline should be adminis- 
tered for at least 10 days 

ADULTS: The usual dosage of MINOCIN minocy- 
cline HCI is 200 mg. initially followed by 100 mg 
every 12 hours Alternatively. if more frequent doses 
are preferred. two or four 50 mg capsules may be 
given initially followed by one 50 mg. capsule four 
times daily 

CHILDREN: The usual! dosage of MINOCIN mino- 
cycline HCI is 4 mg./Kg_ initially followed by 2 mg./ 
Kg. every 12 hours. 

Fortreatment of syphilis. the usual dosage of 
MINOCIN should be administered over a period of 
10-15 days. Close followup. including laboratory 
tests. is recommended 

Gonorrhea patients sensitive to penicillin may be 
treated with MINOCIN. administered as 200 mg 
initially followed by 100 mg. every twelve hours for 
a minimum of 4 days. with post-therapy cultures 
within 2-3 days. 

In the treatment of meningococcal carrier state 
recommended dose is 100 mg. every 12 hours for 
five days. 


DOSAGE AND ADMINISTRATION: INTRAVE- 
NOUS. Note: Rapid administration is to be avoided 
Parenteral therapy is indicated only when oral 
therapy is not adequate or tolerated. Oral therapy 
should be instituted as soon as possible. If intrave- 
nous therapy is given over prolonged periods of 
time. thrombophlebitis may result. 

ADULTS: Usual adult cose: 200 mg. followed by 
100 mg. every 12 hours and should not exceed 
400 mg. in 24 hours The drug should be initially dis- 
solved and then further diluted to 500-1,000 cc. with 
either Sodium Chloride Injection USP. Dextrose 
Injection USP, Dextrose and Sodium Chloride In- 
jection USP, Ringer's Injection USP, or Lactated 
Ringer's Injection USP but not in other solution 
containing calcium (a precipitate may form). 

The reconstituted solutions are stable at room 
temperature for 24 hours without significant loss of 
potency. Any unused portions must be discarded 
after that period. The final dilution for administration 
should be administered immediately. 

CHILDREN: Usual peciatric dose: 4 mg_/kg. fol- 
lowed by 2 mg./kg. every 12 hours. 
tn patiaa with renal impairment: (See `“ Warn- 
ings. 

Total dosage should be decreased by reduction of 
recommended individual doses and/or by extend- 
ing time intervals between doses. 


HOW SUPPLIED. Capsules— Minocycline Hydro- 


- chloride equivalent to 100 mg. Minocycline. Hard- 


shell purple and orange. Bottles of 50 and 100; Unit 
Dose 10 x 10's. Product No. 5301. 

Minocycline Hydrochloride equivalent to 50 mg. 
Minocycline. Hardshell orange. Bottles of 100 and 
Unit Dose 10 x 10s. Product No. 5300. 

Syrup— Minocycline Fycrochloride equivalent 
to 50 mg. Minocycline per teaspoonful (5 cc.). Pre- 
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Pulmonary Embolism: An Appraisal of 
Therapy in 516 Cases 


To the Editor.—In our article in the 
July issue of the ARCHIVES (107:66-68, 
1973), the mortality for patients who 
underwent surgical interruption of 
the inferior vena cava was listed as 
4%. This is misleading as the 4% re- 
flects only the mortality from recur- 
rent pulmonary emboli. The mortality 
from all causes within 30 days of op- 
eration was 17% as outlined in an- 
other article (unpublished data). 

EricH W. POLAK, MD 
FRANK C. Sparks, MD 
WILEY F. BARKER, MD 
Los Angeles 


Long Survival in Metastatic Melanoma 


To the Editor.—In the February is- 
sue of the ARCHIVES (106:234, 1978), 
Drs. Huffman and Sterin describe an 
interesting case of ten-year survival 
of melanoma with multiple oper- 
ations. In Military Medicine (129:297, 
1964) I described a series of mela- 
noma eases, including one with fol- 
low-up of 13 years from original sur- 
gery of right lower ear resection and 
right radical neck dissection. Eight 
years later a left thoracotomy and 
wedge resection of the left wpper lobe 
was done for a recurrence. Several 
months later a right thoracotomy and 
resection of mediastinal metastasis 
was done. Thirteen years after the 
original surgery the patient was well 
with no clinical evidence of disease. 

I agree with the conclusions of Drs. 
Huffman and Sterin that this type of 
case would indicate the possibility of 
an “immune mechanism.” I also feel 


that it indicates the need for an ag- 
gressive attitude in the treatment of 
recurrences. 
STEPHEN TOLINS, MD 
Bronx, NY 


Dextran 40 and Thromboembolism 


To the Editor.—In the article by 
Rothermel et al, which appeared in 
the February issue of the ARCHIVES 
(106:135, 1973), the authors stated 
that they have adopted our schedule 
of dextran 40 administration. We 
would like to bring to the attention of 
the readers of the ARCHIVES that con- 
trary to our practice, the authors had 
used dextran infusion only in the 
postoperative period. In our published 
papers, we have emphasized that in 
order for dextran to be effective in 
prevention of thromboembolism, it 
must be infused early in the course of 
illness and trauma and in the preop- 
erative period, and continued during 
operation and in the postoperative 
period. Following this plan we, as 
well as other investigators, as 
pointed out by Evarts in the editorial 
of the same issue of the ARCHIVES 
(106:184, 1973), have demonstrated 
the safety and the efficacy of dextran 
in prevention of thromboembolism. 

From experimental and clinical 
data, it is evident that platelet aggre- 
gation and adhesiveness triggered by 
injury and trauma of operation, and 
exaggerated under certain pathologic 
conditions, initiate the chain reaction 
leading to thrombosis and fibrin depo- 
sition. Since the antithrombogenic ef- 
fect of dextran is primarily upon 
platelet aggregation and adhesive- 
ness, it must be used as early as pos- 
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sible before a significant amount of 
thrombus is formed. Dextran therapy 
started after operation, therefore, 
is net expected to be prophylactic 
against thrombeenbolism. 

Our experienee differs with that of 
the autiors regarding the incidence 
of complications attributed to dex- 
tran. In over L9Q@) cases of high-risk 
patients who received dextran in con- 
junction with a veriety of major oper- 
ations en eur services, the incidence 
of complications ias not been higher 
than in these who have not received 
dextran. Obvious {y, as true with any 
other drug, certa n precautions must 
be taken with imfusion of dextran. 
The type of dextran, the amount and 
speed of infusica, and the use of other 
agents that may have potentiating 
side effects mus? be taken into consid- 
eration. 

M. Atiz, MD 
JAMES W.HARKESS, MB, ChB 
Lonisvle, Ky 


Reference 


1. Atik M. Harkess JW, Wichman H: 


Preventien af fatal pulmonary embolism. 
Surg Gyneco! Obses 130:403-413, 1970. 
Pyloreeunostomy 


To the Editer—Your editorial in 
the ARCHIVES (203:133, 1973) entitled 
“Forgotten Firsts” was read with 
pleasure. In Janaary you published 
the artiele, “Pylorojejunostemy as an 
Alternative to Pyloroplasty,” by Da- 
vid Pecera, MD (106:83, 1973) and it 
confirmed, in my view, the value of 
“visiting the library.” In April 1964 
Northwest Medxme published ‘“Gas- 
troduodenalJ ej mostomy With Vagot- 
omy” in which I reported an isolated 
case of < patient cperated on Sept 10, 
1963, in a manner similar to the above 
technique. Subsequently, I read A. J. 
Lesser’s article ard report en pyloro- 
jejunostomy periormed with dogs 
(Surgery 5:337, 1964). 

Even though an article has to be re- 
jected ky some surgical journals, I 
was so grateful “œ the publication of 
my brief case weport by Northwest 
Medicine, as it Alowed me to par- 
ticipate in a smal! part of the action 
of the cevelopmeat of new surgical 
ideas. For this reason, I hope that the 
single case repert will not be dis- 
carded in our surgical journals. 

ARNOLD L. LEHMANN, MD 
Spokene, Wash 
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Paraganglioma of the Gallbladder 


To the Editor.—In the discussion of 
their well-documented case of para- 
ganglioma of the gallbladder (Arch 
Surg 105:637-639, 1972) Miller and 
co-authors stated that nonneoplastic 
paraganglionic tissue had not as yet 
been described in the gallbladder. 

In the Laboratory of Surgical Pa- 
thology at the College of Physicians 
and Surgeons, we have observed par- 
aganglia in the wall of the gallblad- 
der on three occasions in recent years. 
In each instance cholecystectomy had 
been performed for chronic cholecys- 
titis with cholelithiasis. All three pa- 
tients were women and their ages 
were 32, 52, and 59 years, respec- 
tively. The paraganglionic tissue was 
always in the subserosal layer and al- 
ways in close proximity to nerve fi- 
bers and ganglion cells, although oc- 
casionally several levels through the 
tissue block were required to demon- 
strate this spatial relationship (Fig- 
ure). 

Thus, the neoplasm reported by 
Miller et al could well have arisen 
from preexisting paraganglionic tis- 
sue; furthermore, the position of the 
tumor on the external aspect of the 
gallbladder would make a subserosal 
origin quite reasonable. 

Incidentally, in the files of the Lab- 
oratory of Surgical Pathology there is 


Overview of wall of gallbladder containing 
paraganglionic tissue in subserosa; insert, 
another paraganglion at greater magnifica- 
tion (hematoxylin-phloxin-safran, x63, 
x 100); ganglion (G), paraganglion (PG). 





a paraganglioma of the gallbladder, 
which was sent to the late Dr. Arthur 
Purdy Stout in consultation. The pa- 
tient was a 44-year-old woman with 
cholelithiasis, in whom a 4.5 x 3.5-em, 
pedunculated mass was attached to 
the outer aspect of the gallblad- 
der. This case was never published, 
but morphologically resembled Dr. 
Miller’s reported case in every re- 
spect. 

Now that we are aware of the pres- 
ence of paraganglionic tissue in the 
wall of the gallbladder, we may antic- 
ipate that it will be recognized much 
more frequently in the future. 

MARIANNE WOLFF, MD 
New York 


Use of Needle Holder 


To the Editor.—Yochanan Weiss, 
MD (Arch Surg 106:735, 1973) is per- 
fectly right that the needle holder can 
be used with great dexterity without 
putting one’s fingers through the 
rings. What he probably does not ap- 
preciate is that there is already a very 
large number of American surgeons 
who have adopted this technique. 
Most of these men trained at the Uni- 
versity of Michigan in Ann Arbor 
when Dr. Frederick A. Coller was a 
professor of surgery. All young resi- 
dents were taught by the older resi- 
dents that it was faster to use the 
needle holder without putting one’s 
fingers through the rings. After all, 
this was the way the director (Dr. 
Coller) did it. 

After my first year in training at 
Ann Arbor, I was telling my father, 
who was a dear friend of Dr. Coller, 
about this technique, and he person- 
ally got a big laugh out of it, because 
he said, “You know why Fred doesn’t 
put his fingers through the rings in 
the needle holder? He says he has ar- 
thritis and can’t get them through.” 

ALTON OCHSNER, JR., MD 
Metairie, La 


News 


Course in Scientific Communica- 
tion.—The Fourth Annual Course in 
Scientific Communication will be held 
at the American College of Surgeons 
Clinical Congress, which will be held 
at the Pick-Congress Hotel in Chi- 
cago, Oct 18 and 14, 1973. Chairman: 
Lois DeBakey, PhD. 
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Books 


Robert M. Goldwyn, MD 
Book Review Editor 
1101 Beacon St 
Brookline, Mass 02146 


Patient Care in Cardiac Surgery. By 
Douglas M Behrendt, MD, W Gerald Austin, MD. 
Price, $7.50. Pp 110, with 7 illustrations. Little 
Brown & Co, 34 Beacon St, Boston 02106, 1972. 


The purpose of this spiral-bound 
handbook is to provide junior house 
officers and nurses with an introduc- 
tion to cardiac surgical care. The au- 
thors have succeeded in constructing, 
within a compact format, a fairly 
complete yet often uneven discussion 
of the practical matters of preopera- 
tive, operative, and postoperative 
management. The sections dealing 
with respiratory care, arrhythmias, 
and infant tracheostomy care are suc- 
cinet and particularly well done, while 
the rather cursory discussion of the 
management of cardiac arrest and 
the failure to provide a systematic ap- 
proach to postoperative bleeding are 
lamentable. The bibliography, while 
not exhaustive, is generally repre- 
sentative of current concepts. There 
are several useful charts and tables 
dealing with drug therapy. 

A compact book of this nature has 
long been needed. Patient Care in 
Cardiac Surgery will prove very use- 
ful to students, nurses, and junior 
house officers upon their initial expo- 
sure to the cardiac surgical patient. 

WALLy S. Bucu, MD 
Stanford, Calif 


Modern Management of Myelome- 
ningocele. By Wilton H Bunch, MD, PhD; Al- 
exander S Cass, MB, BS, FRCS; Alan S Bens- 
men, MD; Donlin M Long, MD, PhD. Price, $15. 
Pp 251. Warren H Green, Inc, 10 S Brentwood 
Blvd, St. Louis 63105, 1972. 


In the past several years, the re- 
surgence of interest and the develop- 
ment of a multiple disciplinary ap- 
proach in the treatment of children 
with myelomeningocele makes this 
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compact and adequately illustrated 
book timely. Its joint authorship by 
an orthopedic surgeon, urological sur- 
geon, neurological surgeon, and psychi- 
atrists, emphasizes the need for a 
medical team. 

The topic is discussed from these 
various points of view. Bibliography 
is good in most cases. 

The neurosurgical chapter deals not 
only with the treatment of the my- 
elomeningocele but also the rationale 
and techniques for treatment of the 
concomitant hydrocephalus and gives 
descriptions of the other congenital 
anomalies of the spinal canal that can 
commonly occur with or without my- 
elomeningocele. Some neurosurgeons 
may disagree with the use of silver 
nitrate on myelomeningocele sacs 
and with the opinion that shunted 
children may outgrow the need for 
their shunts at the age of 4 to 6 years. 

The chapter on urological manage- 
ment deals well not only with the sur- 
gical techniques available but also 
with details of the necessary appli- 
ances and their coordination with the 
needs of other specialists. 

The orthopedic philosophy of early 
treatment of developing spinal de- 
formities is excellent. The bibli- 
ography in this chapter is not exten- 
sive and some of the newer proce- 
dures available, such as the Dwyer 
procedure for correction of scoliosis, 
are not discussed. - 

Rehabilitation of the child is very 
nicely outlined with the problems of 
each age group dealt with separately. 

The available figures on the mental 
and emotional development of these 
children are well presented, and the 
bibliography in this section is excel- 
lent. 

In conclusion, the book points out 
the need for a multidisciplinary clinic 
where the various problems of the pa- 
tient can be discussed among the spe- 
cialists concerned and the coordina- 
tion of surgical procedures planned. 
Finally, the desirability of having 
some group counseling sessions for 
the often neglected parents of such 
children is emphasized. 

This book should be valuable not 
only for those specialists who must 
deal with such children, but partic- 
ularly for all those members of the 
large team that is now involved in 
their care. 

JOHN SHILLITO, JR., MD 
Boston 


Surgery: A Concise Guide to Clinical 
Practice. Edited by George L Nardi, MD; 
George D Zuidema, MD. Price, $17.50 (cloth- 
bound, $12.50 (paperback). Pp 1155. Little Brown 
& Co, 34 Beacon St, Boston 02114, 1972. 


This “little” textbook of surgery 
has enjoyed exceptional popularity 
among medical students for more 
than a decade, and if there has ever 
been justification for a concise guide 
to clinical practice, then this third 
edition nicely fills that slot. The com- 
plexities of surgical practice and the 
increased obligations of the practi- 
tioner to incorporate surgical judg- 
ment in the fund of knowledge upon 
which he draws for the proper man- 
agement of patients has clearly be- 
come overwhelming to the neophyte 
student. There is a natural tendency 
among members of this group to em- 
phasize in their undergraduate medi- 
cal training those areas which they 
think will be most helpful to them in 
future practice. It must be kept in 
mind that most medical students do 
not choose surgery as a lifetime ca- 
reer. It is my view, then, as a teacher 
of surgery, that the surgical educa- 
tion presented to medical students— 
and especially those who are not go- 
ing to make surgery their career—is 
of particular importance. A poor or 
superficial grasp of clinical surgery 
will forever hobbie the nonsurgeon as 
he pursues his practice in internal 
medicine, pediatrics, psychiatry, or 
family practice. Lack of breadth in 
understanding surgery and surgeons 
will diminish the practitioner’s ability 
to judge when to seek surgical consul- 
tation, to recognize in his patients 
surgical disease treatable by himself, 
and to evaluate the quality and ap- 
propriateness of the surgery per- 
formed on his patients. It is for these 
reasons, mainly, that the student 
planning on a nonsurgical career 
must be encouraged to put a special 
emphasis and effort into his brief ex- 
posure to surgery while in medical 
school. Finally, not the least value of 
a subtle appreciation of surgical prac- 
tice is the simple joy of adding “com- 
pleteness” to oneself as a physician. 
These concepts make a concise but au- 
thoritative guide to clinical practice 
an enormously valuable asset in sur- 
gical education. 

This one by Nardi and Zuidema, 
though not alone in the field, fills a 
very important need and provides an 
extremely useful tool for under- 
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graduate suczical education. Al- 
though the @molexities of surgery 
appear to exer: continuous pressure 
for enlargemen: of these texts, to the 
poin where her begin to approach 
their more eneye_opedic counterparts, 
a trend to be ~sssted if possible, it is 
apparent tha medical students still 
find them use:al alternatives to the 
larger books. 

The text a some obvious dis- 
advantages. E wtrations are min- 
imal althouga well-executed. The 
prin= is small =nc the format, by ne- 
cessity and «home, sometimes tele- 
graphic in nacre. However, it is—as 
advertised—cam cisely written and au- 
thorttative; tær are useful refer- 
ences at the end ef each section that 
alloy the mor=serious student to pur- 
sue any subjet m greater depth; an 
interesting, irsermative, and possibly 
uniqae sectior om medicolegal aspects 
of surgery closss the book; the cost of 
this sext is susstentially less than the 
more encyclapecie texts; and, al- 
thouzh the bee< has now become so 
long that to sead it from cover to 
cover during = s ngle surgical clerk- 
ship of six er <ykt weeks is no longer 
a practical gc, it is still possible to 
make good inmeacs during that period 
of time. The quality of the text is un- 
quescioned. TŒ advantages outlined 
are persuasiv> and the book clearly 
deserves its paee among our tools for 
education. | would have been grateful 
for such a ter? æ a medical student 
and perhaps =se? as a junior house 
officer. I feel ==r-ain that the future 
role of such kæks in surgical educa- 
tion remains assured. 

M. MESEL EISENBERG, MD 
Mimeapolis 


Abdominal ane /aginal Hysterectomy. 
By S Joel Cohen, T= Price, $12. Pp 170, with 153 
illustrations. JB L-ppimeott Co, East Washington 
Square, Philadelp.= B105, 1972. 


It is impo s ble to judge objec- 
tively, merely apen reading, the true 
worta of a description of a new surgi- 


cal technique. “ne's own training and. 


prejudices come imto play, and the 
value of the mecommendations ulti- 
mately can culy be assessed when 
they have been tried over and over 
again. NevertL= es, one value of such 
a deseriptien = that it stimulates the 
surgeon to cr‘tace ly review his own 
techriques, to =>mpare the rationale 
and results of eaeh of his motions to 
those recommended here. Abdominal 
and Vaginal dysterectomy provides 


gynecological sumgeons with that 
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stimulation. The author’s main thrust 
is to describe a technique that will re- 
duce morbidity and thus reduce hospi- 
tal stay. These ends are achieved by 
techniques that minimize the amount 
of catgut utilized, the amount of tis- 
sue crushed, and minimize unneces- 
sary separation of tissue planes. 

In abdominal hysterectomy, the use 
of a high Trendelenberg position re- 
moves the necessity for extensive ab- 
dominal packing and thereby reduces 
subsequent ileus. A transverse mus- 
cle-spreading incision results in a 
lessened need for ligatures and, be- 
sides providing adequate exposure, 
provides a less painful incision with 
earlier and freer postoperative ambu- 
lation. The technique of removing the 
uterus with an economy of ligatures 
and catgut is also described. In vagi- 
nal hysterectomy, triangular flaps of 
epithelium are removed anteriorly 
and posteriorly without the extensive 
dissections recommended in other ap- 
proaches. The author claims that the 
ultimate result in terms of vaginal 
support are equally adequate. Once 
again, an economy of steps is pre- 
sented in removing the uterus that 
reduce the amount of crushed tissue 
and ligatures. 

These steps appear reasonable and 
logical, and there is much to be 
learned. However, one cannot help 
note that the removed uterus shown 
in the pictures appeared to be a nor- 
mal one, and then one wonders how 
these recommendations would hold up 
in the markedly enlarged uterus or 
where there would be distortion of 
tissue planes by extensive chronic in- 
flammation of endometriosis. Never- 
theless, the book provides a point of 
departure wherein each surgeon need 
not completely change his technique, 
but may add or modify as he sees fit. 
As the author states, “if the reader is 
stimulated to merely try a variant of 
what he usually does and accepts that 
variant, the writing, and the reading 
of the book will have been worth- 
while.” 

MELVIN L. Taymor, MD 
Boston 


Angiography of Trauma. By Whei-Rung 
Fu, MD. Price, $11.75. Pp 106, with 76 illustra- 
tions. Charles C Thomas, Publisher, 301-327 E 
Lawrence Ave, Springfield, Ill, 1972. 


Patients with serious and compli- 
cated injuries occupy an increasing 
proportion of the surgical work load. 


Therefore, it is important for the sur- 


geon te know how techniques like an- 





giography can be helpful in eval- 
uating injuries and thereby assist 
in effecting prompt and expeditious 
treatment. 

This concise monograph lists im- 
portant angiographic findings in 
trauma of the chest, abdomen, neck, 
and extremities and reproduces angi- 
ograms that illustrate many of these 
findings. The majority of the illustra- 
tions come from patients with blunt 
or nonpenetrating trauma that is 
often difficult to evaluate and where 
an angiogram could be helpful. 

The chapters on laceration of the 
thoracic aorta and renal trauma are 
important. In laceration of the tho- 
racic aorta, angiography is the only 
way to establish the diagnosis and 
demonstrate the site of tear. In renal 
trauma, the angiogram shows the 
precise vascular anatomy and gives 
an estimate of the extent of injury 
and the integrity of the remaining 
renal tissue. Hepatic and splenic in- 
juries are often acutely associated 
with brisk hemorrhage making angi- 
ography unwise. However, for the 
delayed or late complications, eg, 
hemobilia or splenic hematoma and 
delayed rupture, angiography may be 
very helpful and several such cases 
are documented. 

This book has several shortcomings 
for the surgical reader. The patient’s 
clinical course and precise anatomic 
findings are not correlated with the 
angiograms; thus, it is difficult to de- 
termine how the angiogram has been 
helpful in a particular situation. The 
author states, “Angiography .. . 
should be an integral part of eval- 
uating patients with trauma,” yet ev- 
ery patient with serious trauma does 
not need an angiogram, and the pa- 
tient’s condition often precludes such 
an examination. Despite the author’s 
assurance that angiography is safe, 
two of the angiograms illustrate iat- 
rogenic complications—bleeding into 
the pelvis from an arterial puncture 
and traumatic dissection of a carotid 
artery. 

In summary, this book illustrates in 
a concise fashion some of the most 
important findings in noncerebral 
blunt trauma. It shows how the an- 
giogram can demonstrate certain in- 
juries; yet vascular detail is not 
always necessary for effective treat- 
ment, and other simpler diagnostic 
measures may be more helpful and 
expeditious. 

LYNN M. PETERSON, MD 
Boston 
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Tumors of the Central Nervous Sys- 
tem. By Lucien J Rubinstein, MD. Price, 
$11.75, Pp 400. Armed Forces Institute of Pa- 
thology, Washington DC 20305, 1972. 


The high standards of the tumor 
atlases published by the Armed 
Forces Institute of Pathology are 
fully maintained in this volume. The 
book is worth reading for the author’s 
use of the English language as well as 
for the many beautiful illustrations 
including 15 color plates. The author’s 
opinions are clearly stated and are 
also well referenced. The reader 
should not be misled by the title into 
thinking that the discussion is limited 
to intrinsic tumors of the central ner- 
vous system (CNS). The pathology of 
most intraspinal and intracranial tu- 
mors is covered, including, briefly, pi- 
tuitary tumors, which are themselves 
the subject of a separate fascicle. The 
section on the secondary effects of 
space-occupying lesions within the 
cranial cavity should be read by all 
who need to understand some of the 
mechanisms underlying the altered 
physiological condition of patients 
with intracranial catastrophes, 
whether due to neoplasms, trauma, or 
vascular disease. The chapter on diag- 
nostic aids and the comments 
throughout the book on the utility of 
various staining procedures are most 
useful. The text is remarkably free of 
typographical errors; the couple of 
mislabeled plates were pointed out in 
an enclosure from the publisher. This 
book can be highly recommended to 
= all who wish to read about tumors in- 
volving the CNS. It would be hard to 
find a book that would be a better 
value. 

E. T. HEDLEY-WHYTE, MB 
Boston 


Immunology, Immunopathology, and 
Immunity. By Stewart Sell, MD. Price, $12.95. 
Pp 277, with 45 illustrations. Harper & Row, 
Publisher, Inc, 2550 Virginia Ave, Hagerstown, 
MD 21740, 1972. 


This book provides a concise review 
of immunology for medical students, 
house staff, and surgical practition- 
ers. It covers the basic aspects of this 
rapidly expanding field of immuno- 
biology in an informative yet limited 
manner. The author has divided the 
text into three major sections en- 
titled: 1. Immunology, 2. Immuno- 
pathology, and 3. Immunity. There is 
a fine bibliography available to the 
reader, and the sections are ade- 
quately illustrated for better under- 
standing and clarity. 
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The section on immunology pro- 
vides a brief summation of the basic 
tools available in present-day immu- 
nological concepts. The best portions 
of this section concern the immuno- 
globulins and their structure as well 
as the identification of antigen-anti- 
body reactions. The whole range of 
methods of identification of sueh anti- 
gen-antibody reactions are described 
in some detail. There is preliminary 
information involving immunological 
tolerance and phagocytosis. 

The section on immunopathology is 
the most complete, as might be ex- 
pected since the author is a patholo- 
gist. There is a detailed presentation 
of the various forms of immune reac- 
tivity including descriptions of de- 
layed hypersensitivity reactions, au- 
toallergic diseases in humans, and an 
outline of clinical transplantation. 
Drug allergies and collagen diseases 
are also covered in brief form. 

The section on immunity involves 
hypersensitivity reactions and a de- 
scription of the techniques available 
for immunization. There is a fine 
summary of diseases stemming from 
immunological deficiency with a 
classification that is most useful. The 
interrelationship of these various 
deficiency states and the present ap- 
proach to their treatment is partic- 
ularly valuable. A portion of this sec- 
tion is devoted to immunosuppressive 
therapy and the present status of the 
immunology of cancer. 

This book is primarily a tex: for the 
uninitiated and in that role would 
serve as an excellent reference for 
the practitioner in any field of medi- 
cine. It would be of little value to 
those already expert in the field of 
immunobiology. 

RICHARD E. Witson, MD 
Boston 


Cisternography and Hydrocephalus: A 
Symposium. Edited by John C Harbert, MD. 
Price, not given. Pp 559. Charles C Thomas Pub- 
lisher, Springfield, Ill, 1972. 


Cisternography, the imaging of ac- 
tivity after the introduction of radio- 
nuclides into the cerebrospimal fluid 
(CSF), was introduced by Di Chiro 
less than ten years ago, and during 
that interval developments in instru- 
mentation for imaging, storage, and 
analysis, as well as in radio- 
pharmaceuticals, have been rapid. 
There seemed a necessity for as- 
sessment—for examination of the 
method, both in relationship to basic 
physiological studies of the CSF and 


in relationship to clinical diagnosis. A 
symposium was held in Washington, 
DC, May 6 through 8, 1971, to meet 
that need and this well-produced vol- 
ume is the result. 

It is organized in five parts. In the 
first, the physiology and pathophysi- 
ology of the system are considered, 
beginning with an introduction to the 
symposium by Hugh Davson in which 
the broad outlines of the physiology 
of the system are treated. Next, Mi- 
chael Pollay summarizes some of the 
particulars connected with secretion 
and absorption of the CSF. An inter- 
esting account of the biomechanics of 
hydrocephalus by Salomon Hakim de- 
serves careful study and may be com- 
pared with the contribution of Om- 
maya et al on the same subject. There 
follow five papers in which laboratory 
studies relating to the CSF are de- 
scribed. 

The next part is concerned with in- 
strumentation, radiopharmaceuticals, 
and methods. Ashburn presents a 
readable and nontechnical account of 
instrumentation and methods and 
Larson et al analyze the reasons for 
unsuccessful injections. Three papers 
on radiopharmaceuticals follow. 

Parts 3 and 4 deal with clinical ap- 
plications of the method in adults and 
children, applications which include 
the evaluation of hydrocephalus, the 
detection and loeation of CSF fis- 
tulas, and the evaluation of the 
patency of shunts. There are papers 
from many institutions and a number 
seem to cover the same ground. 

In part 5, quantitative aspects of 
cisternography are treated. One has 
the impression that despite the diffi- 
culties, this is the direction in which 
the field is moving—indeed must 
move if it is to contribute to the un- 
derstanding of hydrocephalus. 

The book is attractively produced 
and well illustrated. The index is not 
very useful. 

It seems to me that the purpose of 
the symposium, to establish and ex- 
amine the position of cisternography 
in the spring of 1971, was usefully 
served. Since this is an emerging 
field, the volume itself is likely to be- 
come less valuable with time. Since 
many of its authors have published 
their contributions in slightly differ- 
ent form in the regular literature, 
little remains that is unique to this 
volume, except that the papers are all 
in one place. 

KEASLEY WELCH, MD 
Boston 
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AMA CLINICAL ’73 
Anaheim, California/Dec 1-4 
New 


It's the practicing physician's clinic for continuing education . . . 

. ° offering a uniquely personalized educational experience: 30 post- 
Dimen SLO n S graduate courses covering new treatments and techniques in most 
major specialties. With 6 scientific sessions, film symposia, 

° scientific and industrial exhibits . . . all designed to help provide 

L n new solutions to those everyday health-care problems. Plus a 

conference on the current status of Professional Standards Review 

Organizations. Altogether, AMA Clinical '73 promises to be the 


Continuin practicing physician's prescription for better patient care. 
g Look at the new dimensions in Surgery 
Ed t a that AMA Clinical '73 has to offer you. .. . 


C] General Session 
The Role of Surgery for Cancer of the Breast 
Current Status of Renal Transplantation 
Joint Replacement 


Surgical Aspects of Coronary Artery Disease 


C Postgraduate Courses 


è The Anatomy of Surgical Procedures—Review of topo- 
graphic anatomy of such areas as the parotid and subman- 
dibular glands, thyroid gland, stomach, spleen, gut, and 
anal canal, with special emphasis on relation to practicing 
physician. 


è The Epidemiology and Management of the Acutely Injured 
Patient—Discussion of trauma problem and the availability 
of medical care, with emphasis on common types of injury, 
such as penetrating wounds of the chest, injuries involving 
orthopedics in children, and blunt and penetrating trauma 
of the urinary tract. 


èe Vascular Disease of Head and Neck—Emphasizes in- 
cidence, progress, and prognosis of acute stroke, plus role 
of cerebral blood flow and occluded arteries in etiology; 
study of significance of transient ischemic attacks, par- 
ticularly in relation to the stroke-prone individual, including 
treatment for related vascular diseases. 


e Vascular Surgery—Detailed discussion of diagnosis and 


treatment of common surgical problems involved in lower 
extremity ischemia, stroke, and visceral ischemia. 
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O GENERAL PROGRAM 


General Session (Tentative Program) 


è Professional Standards Review Organizations Conference 

Organization of Federal Health Programs—The “H” in 
HEW 

Where We Are on PSROs 

PSRO—The Tool of Government or of Medicine? 

Will PSRO Replace the Medical Staff Utilization Review 
Committee? 

Is Confidentiality a Thing of the Past? 

How You Practice Medicine Will Be Measured Under PSRO 

Role of National Professional Standards Council 


Malpractice Claims—wWill They Increase or Decrease With 
PSRO? 


Postgraduate Courses 


e Critical Patients—Critical Decisions—tutilizes audience 
interaction and “programmed patients” in realistic clinical 
situations, including patients with breathing difficulty, drug 
overdose, and severe trauma. Course will establish criteria 
and priorities in assessment and management of critically 
ill or injured patients on street, in home, in hospital emer- 
gency department, or in intensive care unit. 


è Diagnostic Ultrasound—Discussion of this diagnostic 
technique and its utilization, including the areas of ultra- 
sonography, echoencephalography, echocardiography, and 
abdominal, renal, obstetrical, and gynecological ultrason- 
ography. 


e Efficient Task Allocation in Medical Practice—Discussion 


of more efficient office operation, with emphasis on role of 
physician’s assistant, utilization of his services, and dele- 
gation of certain health care tasks to other paramedical 
personnel. 


èe Immunology 1974—Study of immunologic testing and 
differences in pediatric vs general medical and surgical pa- 
tients, covering these disease states: immunodeficiency 
syndromes, autoimmune disorders of blood elements, and 
diagnosis of autoimmune thyroid and kidney disease. Covers 
who, what, when and how of immunologic testing. 


e Impact of Welfare Policies on the Delivery of Health Care 
—Discussion of problems encountered in different modal- 
ities of health care provision planned by various govern- 
mental bodies. Stresses relationship of medical practitioner 
to various conceptual models (such as HMOs and private 
insurance plans), plus exploration of strategies for effecting 
changes in the provision of health services. 


e Industrial Medicine in the Small Manufacturing Plant— 
Detailed discussion of method used by private physicians to 
help businessmen with in-plant medical problems, including 
compliance with government regulations and use of indus- 
trial plant nurse. 


e New Clinical Practice from the Basic Sciences—Empha- 
sizes important new concepts which influence clinical prac- 
tice in areas of pharmacology, microbiology, physiology, 
biochemistry, and pathology. 


èe Tumors of the Breast—Study of diagnosis, classification, 
and curative and palliative treatment for breast tumors, 
including consideration of curative potential for surgical 
and radiotherapeutic approaches. 


Look for the complete Scientific Program in your Oct 15 
issue of JAMA. 


Please 


print Name 


(each physician must register in his own name) 


Advance Registration/ Please return to: 
Circulation and Records Department 
American Medical Association 

535 N Dearborn St, Chicago 60610 


mailing date. 


Office Address 


Postgraduate Course Registration 


City/State/Zip 








This form must be returned before Nov 5, 1973. Your Advance Registration 
Card and tickets will be sent to you on Nov 12, unless you request an earlier 


____ Coronary Risk Factors 


AMA CLINICAL '73 


General Registration 

___AMA members and their guests: no fee 
___Non-member physicians: $25 

___ Guests of non-members: $5 


_ Medical students, interns, residents: no 
fee 


I am a member of the AMA through the 
State Medical 





Association or in the following government 


service 





My remittance of $_________ is en- 
closed. (Make check payable to Amer- 
ican Medical Association.) 


Check must accompany registration. 
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Registration fee:* $25/414-hr course 
$40/9-hr course 

*All medical students, interns and residents: 

$1250/414-hr course 

$20/9-hr course 

All courses meet Sunday, Monday, Tuesday/ 

Dec 2-4. i 

Please indicate 1st, 2nd, and 3rd choice for 

each time: 


7:30-9:00 am (414-hr course) 


___Asthma—Causes, Pathogenesis, Treat- 
ment 

___ Diagnostic Ultrasound 

___ Task Allocation in Medical Practice 

___ Four Million Epileptics—Outlook 1974 

___ Heart Sounds and Their Interpretation 

___Impact of Welfare Policies on the Delivery 
of Health Care 

___Industrial Medicine in the Small Plant 

___ Tumors of the Breast 


9:30 am-12:30 pm (9-hr course) 


___ Advanced Electrocardiography 
___New Pulmonary Diagnostic Techniques 


_ Epidemiology and Management of the 
Acutely Injured Patient 

___ Factors Affecting Fetal Development and 
Neonatal Adaptation 

___ High-Risk Obstetrics, Fetal Monitoring 

___Immunology 1974 

___Infectious Diseases 

___New Clinical Practice from the Basic 
Sciences 

___ Pulmonary Function and Blood Gases— 
Assessment and Diagnosis 

___ Vascular Disease of the Head and Neck 


2:00-5:00 pm (9-hr course) 

___The Anatomy of Surgical Procedures 
___ Basic Electrocardiography 
Clinical Impact of Alcoholism Research 
___Critical Patients—Critical Decisions 
Diagnostic Cardiology 

Liver Diseases 

Managing the Diabetic in Trouble 
Office Evaluation of Cervical Lesions 
Problems in Child Development 
Salt, Water and Acid Balance 

___ Vascular Surgery 


Clinical ’73 





DALMANE 
flurazeoam HC! 


when restful sleep is indicated 


One 30-mg capsvle h.s. —usual adult dosage 

(15 mg may suffic2 in some patients). 

One 15-mg@capsule h.s. —initial dosage for elderly or 
debilitated patierts 


Dalmane ‘flurazepam HCl) 
when the etiology of insomnia 
indicates the need for sleep 
medication 


L] Consistently effective in 
helping patients get to 
sleep, stay asleep, sleep 
longer 


LJ High level of patient 
acceptance 


ROCHE LABORATORIES 
D vision of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 





Before prescribing Daimane (flurazepam HCl), 
please consult Complete Product Informa- 
tion, a summary of which follows: 


Indications: Effective in all tyoes of insomnia 
characterized by difficulty n falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in acute 
or chronic medical situations requiring restful 
sleep. Since insomnia is often transient and 
intermittent, prolonged administration is gen- 
erally not necessary or recommended 


Contraindications: Known hypersensitivity to 
flurazepam HCI. 


Warnings: Caution patients about possible 
combined effects with alcohol and other CNS 
depressants. Caution against hazardous occu- 
pations requiring complete mental alertness 
(€.g., operating machinery, driving). Use in 
women who are or may become pregnant only 
when potential benefits have been weighed 
against possible hazards. Not recommended 
for use in persons under 15 years of age 
Though physical and psychological depend- 
ence have not been reported on recom- 
mended doses, use caution in administering 
to addiction-prone individuals or those who 
might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If com- 
bined with other drugs having hypnotic or 
CNS-depressant effects, consider potential 
additive effects. Employ usual precautions in 
patients who are severely depressed, or with 
latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in pres- 
ence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and falling 
have occurred, particularly in elderly or debili- 
tated patients. Severe sedation, lethargy, dis- 
orientation and coma, probably indicative of 
drug intolerance or overdosage, have been 
reported. Also reported were headache, heart- 
burn, upset stomach, nausea, vomiting, 
diarrhea, constipation, GI pain, nervousness, 
talkativeness, apprehension, irritability, weak- 
ness, palpitations, chest pains, body and 

joint pains and GU complaints. There have 
also been rare occurrences of sweating, 
flushes, difficulty in focusing, blurred vision, 
burning eyes, faintness, hypotension, short- 
ness of breath, pruritus, skin rash, dry mouth, 
bitter taste, excessive Salivation, anorexia, 
euphoria, depression, slurred speech, con- 
fusion, restlessness, hallucinations, and 
elevated SGOT, SGPT, total and direct bili- 
rubins and alkaline phosphatase. Paradoxical 
reactions, e.g., excitement, stimulation and 
hyperactivity, have also been reported in 

rare instances. 


Dosage: |ndividualize for naximum bene- 

ficial effect. Adults: 30 mg usual dosage: 15 mg 
may suffice in some patients. Elderly or 
debilitated patients. 15 mq initially until response 
is determined. 


Supplied: Capsules containing 15 mg or 
30 mg flurazepam HCl. 


When restful sleep is indicated 


DALMANE 


flurazeoam HC] 


n Induces sleep rapidly 4 Consistently effective over multiple 
o Prolongs sleep duration without need Nights of administration 
to repeat dosage during the night 4 Relatively safe, well tolerated 
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For the surgeon 


The documented 


properties 


of DALMANE ‘(flurazeoam HCI) 


for sleep 


Dalmane (flurazepam HCI) is a distinctive sleep medica- 
tion—a benzodiazepine specifically indicated for insomnia. 
It is not a barbiturate or methaqualone, nor is it related 
chemically to any other available hypnotic. 

The properties of Dalmane have been carefully defined 
and thoroughly evaluated. Results of these investigations — 
many of which are cited here —have documented the effec- 
tiveness and relative safety of Dalmane when the etiology 
of insomnia indicates need for sleep medication. 


Prompt, sustained sleep response” 


Effective night after night**°°*" 


1. Kales, A.: “Psychophysiological and Biochemical 
Changes Following Use and Withdrawal of Hypnotics, 
in Kales, A. (ed.): Sleep: Physiology and Pathology, Phila- 
delphia, Lippincott, 1969, p. 331. 2. Kales, J., et al.: Clin. 
Pharmacol. Ther.,12:691,1971.3.Jacobson, A., etal. :Psy- 
chophysiology, 7:345,1970. 4. Kales, A., and Kales, J.: 





Relative safety"'** 


Consistent relief of insomnia 
in postsurgical patients” 


J.A.M.A.,213:2229, 1970.5. Frost, J. D., Jr.: “A System 
for Automatically Analyzing Sleep,’ Scientific Exhibit pre- 
sented at Clinical Convention, A.M.A., Boston, Nov. 29- 
Dec. 2, 1970; and at 42nd Annual Scientific Meeting, 
Aerospace Med. Assoc., Houston, April 26-29, 1971. 
6. Karacan, |., etal.: “The Sleep Laboratory in the Investi- 
gation of Sleep and Sleep Disturbances,’ Scientific 
Exhibit presented at Amer. Psychiat. Assoc., Washington, 
D.C., May 3-7, 1971. 7. Hartmann, E.: Psychopharma- 
cologia (Berl.), 12:346, 1968. 8. Dement, W. C.: Data on 
file, Medical Department, Hoffmann-LaRoche Inc., 


Usefulness in chronically 
anticoagulated patients" 





Nutley, N J. 9. Vogel, G. W: Data on file, Medical Depart- 
ment, Hoffmann-La Roche!nc., Nutley, N.J. 10. Kales, A., 
and Kales, J. D.: Pharmacol. Physicians, 4:1, 1970 

11. Dataon file, Medical Department, Hoffmann-La Roche 
Inc., Nutley, N.J. 12. Kales, A., ef al.: Arch.Gen. Psychiat., 
23:226,1970. 13. Meyer, J. A.: “Flurazepam Hydrochlor- 
ide for the Short-Term Treatment of Insomnia m the 


*Generally, when adverse effects were reported Clinically with Dalmane 
(flurazepam HCl), they were mild and infrequent. Dizziness, drowsiness, 
lightheadedness and the like were the side effects noted most often 
particularly in the elderly or debilitated. (An initial dose of Dalmane 15 mg 
should be prescribed for these patients.) 





No need torepeat dosage during 
the night © 





Hospitalized —>stSurgical Patient?” Scientific Exhibit 
presented at AGP San Francisco, Calif., Sept. 28-Oct. 
1, 197). 14. Zammerman, A. M.: Curr Ther. Res., 13:18, 
1971. 15. Gee=bEtt, D., and Shader, R.: Ann. Intern. 
Med, 77.91, £72. 
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Dalmene (flurazeoam HCI) 
on request 


The rewrences cited constitute only a part of 
the Daltrane bibliography. Additional data are 
availabi= through the Roche Professional Ser- 
vices Gepartment. Augmenting this service is 
RETRIEW=, a computer-operated data retrieval 
system which screens data from the published 
English Enquage papers on Dalmane to help 
provid= æpid answers to your specific ques- 
tions. Cooec into the computerized index are 
paramesers that include patient age, sex, condi- 
tion; produc: dose, side effect, frequency of 
adminissrsticn; other medications or therapy; 
length. tyze and size of study, and pharmacology. 

For s@ecific answers to any questions you 
might have adout Dalmane, write or call: Roche 
Professixal Services Department, Roche Lab- 
oratories. Nutley, N.J. 07110. Telephone: (201) 
235-2355 
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Before prescribing Dalmane (flurazepam HCI), please consult 
Complete Product Information, a summary of which follows: 


Indications: Effective in all types of insomnia characterized by 
difficulty in falling asleep, frequent nocturnal awakenings and/or 
early morning awakening; in patients with recurring insomnia or 
poor sleeping habits; and in acute or chronic medical situations 
requiring restful sleep. Since insomnia is often transient and inter- 
mittent, prolonged administration is generally not necessary or 
recommended. 


Contraindications: Known hypersensitivity to flurazepam HCI. 


Warnings: Caution patients about possible combined effects with 
alcohol and other CNS depressants, Caution against hazardous 
occupations requiring complete mental alertness (e.g., operating 
machinery, driving). Use in women who are or may become preg- 
nant only when potential benefits have been weighed against 
possible hazards. Not recommended for use in persons under 15 
years of age. Though physical and psychological dependence 
have not been reported on recommended doses, use caution in 
administering to addiction-prone individuals or those who might 
increase dosage. 


Precautions: In elderly and debilitated, initial dosage should be 
limited to 15 mg to preclude oversedation, dizziness and/or ataxia. 
lf Combined with other drugs having hypnotic or CNS-depressant 
effects, consider potential additive effects. Employ usual precau- 
tions in patients who are severely depressed, or with latent 
depression or suicidal tendencies. Periodic blood counts and liver 
and kidney function tests are advised during repeated therapy. 
Observe usual precautions in presence of impaired renal or 
hepatic function. 


Adverse Reactions: Dizziness, drowsiness, lightheadedness, 
staggering, ataxia and falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, lethargy, disorientation and 
coma, probably indicative of drug intolerance or overdosage, have 
been reported. Also reported were headacne, heartburn, upset 
stomach, nausea, vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, irritability, weakness, 
palpitations, chest pains, body and joint pains and GU complaints. 
There have also been rare occurrences of sweating, flushes, 
difficulty in focusing, blurred vision, burning eyes, faintness, hypo- 
tension, shortness of breath, pruritus, skin rash, dry mouth, 

bitter taste, excessive salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, hallucinations, and 
elevated SGOT, SGPT, total and direct bilirubins and alkaline phos- 
phatase. Paradoxical reactions, e.g., excitement, stimulation and 
hyperactivity, have also been reported in rare instances. 


Dosage: Individualize for maximum beneficial effect. Adults: 30 mg 
usual dosage; 15 mg may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until response is determined. 


Supplied: Capsules containing 15 mg or 30 mg flurazepam HCI. 
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Surgical Hazard Control: Effect of Architecture and Engineering 
Harold Laufman, MD, PhD, Bronx, NY 


Various standard-setting groups are 
emerging with specific alternatives for design. 


Illumination Hazard in the Operating Room 
William C. Beck, MD, Sayre, Pa, 
Robert F. Heimburger, MD, indianapolis 


Demands for good lighting have extended 
to all parts of the operating room. 


An Electrically Safe Surgical Environment 
William H. L. Dornette, MD, JD, Cleveland 


Separate electrical outlets may have a difference 
in electrical potential. 


Modern Radiology in the Operating Room 
George Berci, MD, Richard Steckel, MD, Los Angeles 


The full potential for operating room radiology 
has not been realized. 


The Airborne Component of Wound Contamination and Infection 
Carl W. Walter, MD, Ruth B. Kundsin, ScD, Boston 


Must eradicate sources and disinfect vehicle 
of airborne contamination. 


Cleanup Techniques in the Operating Room 
Jerry G. Peers, RN, Denver 


An authoritative and rational guide. 


Care of Anesthetic Equipment and Other Devices 
Deryck Duncalf, MB, ChB, F=ARCS, Bronx, NY 
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Barely 50% of programs have tested their equipment bacteriologically. 


Personnel, Discipline, and Infection 
Peter Dineen, MD, New York 


Importance of hair cevering reemphasized. 


EXPERIMENTAL SURGERY 


Acute Hemorrhagic Pancreatitis in the Dog: 
l. The Action of Bile 
Herbert Schapiro, PhD; Louss G. Britt, MD; 
Carolyn F. Blackwell, MD; Kenneth J. Gaines, MD, Memphis 


Bile in the closed loap accelerated time 
of appearance of pancreatitis. 


Corticosteroid Treatment of Major Trauma: 

Mechanisms Involved in Their Therapeutic Effect 
Peter Woodruff, MB, FRCS (Edin); Dimitri Caridis, MD, FRCS (Edin); 
Peter Cuevas, MD; Sumihiko Koizumi, MD; Jacob Fine, MD, Boston 


Corticosteroids may lock excessive release 
of norepinephrine in transmitter vesicles. 
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J Revolutionary 
J swaged needle- 
J releases with a tug . 


e eliminates threading « no scissors needed 
e faster interrupted silk suturing 


F) Less trauma -New, sharp, swaged needle for 
each suture helps provide leakproof anastomoses. 


Less work -No sorting, sharpening, or sterilizing 
eyed needles. Each multiple suture packet delivers 
8 sterile needle/sutures ready for use. 


Control-Release 


NEEDLE/SUTURES 
for Gl anastomosis and fascia closure 





‘Sure as a new day will dawn, 
Peri-Colace works with gentle, proven predictability 


PERI-COLACE combines the gentle 
laxative and effective stool softener 
so often needed when bowel motility 
is depressed. PERI-COLACE acts gently 
to induce peristalsis, while the stool- 
softening agent lets natural intestinal 
water permeate stools. 


PERI-COLACE is predictable—gentle 
evacuation usually occurs within 8 to 
12 hours. It is useful in obstetrical 
patients, as well as in geriatrics, pre- 
and postoperative patients, the con- 
valescent, in patients with medication- 
related suppression of bowel motility 
and children. 


PERI-COLACE —gentle, proven, pre- 
dictable. In capsule and liquid forms. 


casanthrano!l and diocty! sodium sulfosuccinate 


Gentle laxative plus stool softener 
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Imraunosympachectomy and Gastric Secretion 
Jeffrey Rivilis MD, MSc, ChM, CRM, 
FRCS (Erg, Bein, and C), Montreal 


immunosyrepathectomy of rats’ stomachs speeded 
developmert of pyloric-ligation ulcers. 


Gastrin Levels Fol owing Thermal Injury 


MAJ Thomas Vi mMewsome, MC, USA; LTC Morris J. Asch, MC, USA; 


James E. McGaiigen, MD; COL Basil A. Pruitt, Jr., MC, USA, 
Fort Sam Moaussom Tex 
Gastric acd plays secondary role in Curling ulcer. 
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Send manuscripts by first-class mail to the Chief Editor, 
Richard Warren, MD, 319 Longwood Ave, Boston 02115. 
Manuscripts are received with the understanding that 
they are not under simultaneous consideration by another 
publication. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published else- 
where without permission from the publisher (AMA). 


[ | All accepted manuscripts are subject to copy editing. 
The author will receive an edited typescript and layout 
rather than galley or page proofs for approval. The author 
is responsible for all statements in his work, including 
changes made by the copy editor. 


ed Designate one author as correspondent and provide his 
address and telephone number. He will be notified by mail 
of the intended publication date approximately one month 
in advance. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to 
which requests for reprints should be sent. The correspond- 
ing author will receive 200 tearsheet copies of the article 
at no cost. 


[ ] Submit an original typescript and two high quality 
copies of the entire manuscript including short communica- 
tions such as letters to the editor, book reviews, announce- 
ments, etc. All copy (including references, legends, and 
tables) must be typed double-spaced on 22 x 28 cm (8% X 
11 inch), heavy-duty white bond paper. Ample margins 
should be provided. 

Be Titles should be short, specific, and clear. They should 
not exceed 75 characters, including punctuation and spaces. 
A subtitle is often useful to shorten the main title. Provide 
a brief “running title” on each manuscript page. 


[| The style of writing should conform to acceptable 
English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 
C] Manuscripts reporting the results of experimental in- 
vestigations on human subjects must include a statement 
to the effect that informed consent was obtained after the 
nature of the procedure(s) had been fully explained. 


È Authors whose “first” language is not English should . 


arrange for their manuscripts to be written in idiomatic 
English prior to submission. 


[ ] Provide an abstract (135-word maximum) of the arti- 
cle. The abstract should include statements of the problem, 
method of study, results, and conclusions. The abstract 
replaces the summary. 

Ea List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent 
citations should be to the original number. All references 
must be cited in the text or tables. Unpublished data 
and personal communications should not be listed as 
references. References to journal articles should include 
(1) author, (2) title, (3) journal name (as abbreviated 
in Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, 
(6) publisher, and (7) year. Volume and edition num- 
bers, specific pages, and name of translator should be 
included when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
their correct text citation. Note this journal’s punctuation 
and sequence style in published reference lists. 
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E Refer to patients by number (or, in anecdotal reports, 
by fictitious given names). Real names or initials should 
not be used in the text, tables, or illustrations. 


Ka All measurements are to be in metric units. 


[ ] Letters to the Editor. The Editor will be pleased to 
receive correspondence of 250 words or less that pertains 
to material published in the ARCHIVES or of other matters 
of interest to its readers. If intended for publication, such 
letters should be clearly marked “For Publication.” 


wg Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, unmounted . 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
name of senior author, and arrow indicating “top” should 
be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style through- 
out the journal. Magnification and stain should be provided 
when pertinent. Illustrations should preferably be in a 
proportion of 12.5 x 18 cm (5 x 7 inches). Legends 
should be typed double spaced beginning on a separate 
sheet of paper. Length should be limited to a maximum 
of 40 words. 


[ ] An experienced medica! illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 
mitted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 


[ ] A letter of consent must accompany all photographs 
of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


E Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 
illustrations which can be arranged on a one-page layout. 
Any additional illustrations or special effeets will be billed 
to the author at cost. Positive color transparencies (35 
mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. If transparencies are mounted in frames or 
glass, the material should be carefully packed in gauze 
and sent with the manuscript in a separate container or 
between two pieces of pressboard. 

E Each table should be typed double-spaced, including 
all headings, on a separate sheet of 22 x 28 cm paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. 


[ Tables should be arranged so that when printed they 
will not be wider than three columns of ARCHIVES body 
type. Generally up to nine typewritten columns of data 
(including stub, or left column) will fit into three columns. 
Tables must be numbered consecutively, beginning with 1, 
and each must have a heading. Example: “Table 6.—Re- 
sults of Blood Coagulation Studies.” 
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1. lrwe_ controlled graduated compression 
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ankle, and gradually less support higher up 
the leg. Ours obviously provides this feature. 


2. Two-way stretch is woven into the 
hesiery from bottom to top. So there’s no 
need for a tcurniquet-like band at the top to 
help keep the hosiery up. Ours obviously 


provides this feature. 


3. Medecally-correct design matches the 
needs of the patient with vascular disease of 
tne lower ex-remities. Ours obviously 
provides this feature. 


Result: our support hosiery does what 
support hesiery should do. It helps prevent 
edema. Minimizes venous pooling of blood. 
Helps reduce the leg pain associated with 
varicosities. 


very Serious 











Incidentally, Parke-Davis 
Elastic Support Hosiery is made for 
women, too. Panty hose included. 
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sheerness. Better looking 
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medically correct. 

Seriously, isn’t that beautiful? 
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he controversial adenoma 


Dne of the most common 
esions of the GI tract. Often 
symptomatic. Often an 
ndication of the presence 
ınd/or development of more 
olyps. It has a much- 
debated relationship to 
>olonic cancer. Some think 
t actually degenerates into a 
zarcinoma. Some think not. 
hen polyps are present in 
he distal colon, the best way 
o find them is through con- 
entional sigmoidoscopic 
axamination. And, be they 
venign or malignant, the best 
herapy is removal. 


any surgical procedures 
an contribute to temporary 
ostoperative constipation. 

o help return bowel function 
o normal as quickly and as 


gently as possible, consider 
FLEET ENEMA for postopera- 
tive constipation relief. 

m Works rapidly, usually 
within 2 to 5 minutes 


| Cleanses the leftcolon and 
rectum; spares upper por- 
tions of the GI tract 


@ Ready to use, easy to use, 
completely disposable 


m Unique construction regu- 
lates flow; prevents leakage 
and reflux 


E Anatomically correct, 
prelubricated rectal tip helps 
avoid injury to bowel wall 


Fleet Enema 


Fast, effective relief of 
postoperative constipation 


fè $ 


Contraindications: Do not use 
when nausea, vomiting, or ab- 
dominal pain is present. Warn- 
ings: Frequent or prolonged use 
of enemas may result in de- 
pendence. Take only when 
needed or when prescribed by 
a physician. Precautions: Do na 
administer to children under 
two years of age unless directed 
by a physician. 

FREE BOOKLET. A supply of a 
patient booklet, Protecting 
Yourself with a “Procto” Exami- 
nation, is available, free of 
charge, on request to C. B. 
FLEET CO., INC., P. O. Box 
1100, Lynchburg, Va. 24505. 


Fleg C. B. FLEET CO., INC. 
- Lynchburg, Va. 24505 
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Thats 
a promise. 


How? By attending the 
AMA Speakers and 
Leadership Program. 
Over 8,000 MDs have. 
Sessions include theory 
and drills on message 
preparation, delivery, 
fielding of questions, as 
well as individual 
coaching and instant 
TV playback. 


Programs are held at 
the Marriott Motor 
Hotel, O'Hare Airport 
in Chicago. 


Next programs are: 


Oct. 26-28 
Nov. 16-18 


Contact: Mortimer Enright 
Director, AMA Speakers 
and Leadership Programs 
535 N. Dearborn St. 
Chicago, Ill. 60610 
(312) 751-6484 


Brief Summary 


Consult the paekage literature for prescribing information. 


Actiors: Kefiin® (sodium cephalothin, 
Lilly) is a broad-s>estrum antibiotic. 
Following a sirsle 1Gm. intravenous 
dose, blood evds Fave been about 30 
mcg. Der mL a fifteen minutes. Dos- 
ages cf 2 Gm. Ever intravenously over 
a thiry-minete perod have produced 
serum concentretions of 80 to 100 mcg. 
per mi. one-half tour efter the infusion. 
The antibsot = passes readily into 
body fiuids, e:2., pleural, joint, bile, and 
ascitic fluids. 
Indications: Kefin 5 indicated for the 
treatment of serous infections caused 
by susceptible stairs ef the designated 
micro-srganisms in the diseases listed 
below. 


Respiratory tract infections Caused 
by Diplocaccus pneumoniae, 
Staphylecocci {penicillinase and 
nenpenicilliaase-producing), group 
A beta-heraolytic streptococci, 
Kebsielia, and hemophilus influ- 
erzae 

Skim and softtissue infections, in- 
cluding peitcnitis, caused by 
s&phylocoeci penicillinase and 
nenpen-ci Jinase- producing), 
group A Se&-hemolytic strepto- 
cocci, Eschsrichva coli, Proteus 
mirabilis. ard Fledsialla 

Geni‘o-urinary ract imfectionscaused 
by Esch. coli, ar mirabilis, and 
K/2bsiellez 

Septicemia, including endocarditis, 
caused by C prewmoniae, staph- 
ylococci [penic llnase and non- 
Penicillinase predwcing), group A 


beta-hemo yti> streptococci, P 
St#eptococces vwidans, Esch. coli, — 


Pr mirabilis and Klebsiella 
Gastr-intessineal infections Caused 


by Sa/more/la and Shigella species | 


Meningitis caused Ey D. pneumoniae, 
greup A kete-hemolytic strepto- 
cocci, and s&phylbcececi (penicil- 
linase and mnpeaicillinase-pro- 
ducing) 

Bone and joint infections caused by 
Staphylocecc (penicillinase and 
nompenici \inase-oroducing) 


Contraindication: Previous hypersensi- 
tivity to cephalosporins. 


Warnings: BEFORE CEPHALOTHIN THER- 
APY IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVI- 
OUS HYPERSENSITIVITY REACTIONS TO 
CEPHALOSPORINS AND PENICILLIN. 
CEPHALOSPORIN C DERIVATIVES SHOULD 
BE GIVEN CAUTIOUSLY IN PENICILLIN- 
SENSITIVE PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

There is some evidence of partial 
cross-allergenicity of the penicillins and 
the cephalosporins. Severe anaphylac- 
toid reactions have been reported with 
both drugs. 

Patients with allergy and hypersensi- 
tivity should receive antibiotics cau- 
tiously and only when necessary. 

Usage in Pregnancy—Safety for use 
during pregnancy has not been estab- 
lished. 


Precautions: Patients should be fol- 
lowed carefully to detect any side- 
effects or drug idiosyncrasy. If an al- 












lergic reaction occurs, discontinue the 
drug and treat the patient with usual 
agents. 

Although alteration in kidney func- 
tion is rare, evaluation of renal status 
is recommended. Patients with im- 
Paired renal function should be placed 
on a reduced dosage schedule to pre- 
vent excessive serum concentrations. 
Consult prescribing information. 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A 
false-positive reaction for glucose in the 
urine has been observed with some 
tests but not with Tes-Tape® (urine 
sugar analysis paper, Lilly). 


Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness, 


elevation of temperature, reactions re- 


sembling serum sickness, anaphylaxis, 
eosinophilia, drug fever, neutropenia, 
thrombocytopenia, hemolytic anemia, 
thrombophlebitis, transient rise in 
SGOT and alkaline phosphatase, rise in 
BUN, decreased creatinine Clearance, 
and a positive direct Coombs test have 
been reported. [071873] 
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the susceptibilities of commonly 
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for indications. 
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Editorial 





Reasons for Writing 


he wails resulting from the 

withdrawal of federal research 
funds are stil! justifiably strident. 
But one cannot 00 hoo forever, and, 
although mamy important programs 
have suffered denlorably, others were 
overdue for dispatch. We must wel- 
com2 a related benefit. The demand 
for ‘prest-ge” research is dying. We 
hear less the =atuous question, “How 
is our research FROGRAM doing?” 

But how does this slowing of the 
wheels of the paper mills affect the 
journals? “here has long been an out- 
ery that too much literary trash, pot- 
boilers, and articles with no point, no 
conelusions, and even with no data, 
reach the light of day, the Index 
Mecicus, and tae bibliographies of 
the trophy hunters. In the same 
breath, we hear, “There are too many 
journals.” 

Let us define “trash.” I submit that 
the onus of hav ng to wade through 
the mass ef prin- that reaches our of- 
fice mails and Ebraries stems more 
from the qual ty of the presentations 
than from the messages the authors 
try te transmit. Should every article 
present something new (“not new” is 
a frequen: comment accompanying a 
reviewer's negative vote)? Should 
each report be a designed controlled 
study with statistical validity? Is a 
case report with a review of the liter- 
ature passé? No of course not. 

Reader, the problem is simple. 
When you write make a resolve not to 
discard your reader’s hat. What is 
warted is vald and painless instruc- 
tior. Valid need not mean statisti- 
cally valil. Dictionaries define the 
word, “sound,” “robust.” It signifies a 
presentation designed to answer, or 
at least te give perspective to, ques- 
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tions in a controversial field. If the in- 
formation presented raises more 
questions than previously existed, 
given them recognition and don’t 
leave your reader floundering. In 
medicine almost no subject is com- 
monplace. Any sick patient can show 
the inquiring mind an open door to 
information and instruction. A case 
of appendicitis can stimulate study- 
ing later cases with a bacteriological 
profile. It might suggest a historical 
look at the eponyms used for inci- 
sions, with citations from the original 
papers, or a review of the literature 
as to the nature of the residual 5% 
mortality that is still with us. Piloni- 
dal sinus: what is the real follow-up 
picture? 

Valid and painless. Painless means 
well-written, sequentially presented, 
data and thoughts, concise without 
unnecessary modifiers, organized in 
traditional manner so that the reader 
ean find things quickly. Don’t omit 
basic explanations. James M. Curley, 
flamboyant Boston politician of the 
last generation, is quoted as saying, 
“Never underestimate the intelli- 
gence or overestimate the informa- 
tion of your audience.” If you are 
writing for a transplant readership, 
you don’t have to spell out what HL-A 
antigen, DNA, and RNA stand for. 
But for a general audience you have 
to watch it. Someone who picks up the 
journal won’t know, and it does no 
harm to tell the reader. 

But, you say, since not publishing 
now places you in less jeopardy of 
perishing than formerly, why bother 
to write at all? Here is an answer. 
Putting together a group of cases or 
data and writing clearly about them 
does something for us, and indirectly 


for our patients. We are better able 
to evaluate the things we read and 
those we hear from the podiums of 


scientific meetings. Writing properly — 


instills humility before the problem 
of human communications. With your 
reader’s hat on do you think the ma- 
terial has been well enough ex- 
plained? Is it concise and sequential 
enough to hold your attention? You 
can’t tell until you put it away and 
look at it in a day or two with an un- 
cluttered mind and when the initial 
narcissism of one’s own words has 
abated. The doctor must always be 
the leading figure in things medical. 
Our responsibilities will increase be- 
fore the proliferation of paramedical 
people who are training to help us. To 
teach them properly we should write 
well. 

The mission of the medical journals 
is to remain vehicles of communica- 
tion as well as of scientific reports of 
new information. They will continue 
to publish actively in the face of the 
withdrawal of research funds, pro- 
vided authors resolve to submit read- 
able material. 

Having written the above I read 
Allbutt? who, of course, has said it in- 
finitely better. 


A writer who writes to convince must learn 
to lay his mind alongside that of the reader 
who must be carried along in a quick and 
equable current. .. . Force, lucidity, unity, 
simplicity, economy of expression are vir- 
tues which we all may attain; originality 
will be as God pleases. 

RICHARD WARREN, MD 

Boston 
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Original Articles 


Esophageal anastomosis has been per- 
formed on 75 patients according to the fol- 
lowing principles: (1) No defect of epithe- 
lium is allowed (ample epithelium should be 
preserved). (2) Healing of the wound is be- 
tween the cut ends, not between adventitia 
and serosa. (3) Careful attention is paid to 
direction of suturing and drawing out the 
needle. (4) The amount of suture material is 
kept to a minimum. (5) Effective external 
drainage (if necessary) and intraluminal de- 
compression at the site of anastomosis 
should be provided. Among 75 patients, only 
one (1.3%) developed a small fistula at the 
anastomosis, which was in the cervical re- 
gion and healed spontaneously. No com- 
plaints of dysphagia due to stenosis were 
observed postoperatively. 


512 3 Arch Surg/Vol 107, Oct 1973 





Esophageal Anastomosis 


Hiroshi Akiyama, MD, FICS, Tokyo 


AnD technique in the al- 
imentary canal has not changed 
in principle for many years. This is 
probably because there are few diffi- 
culties in performing intestinal 
anastomosis; however, the situation is 
quite different in esophageal anasto- 
mosis. Leakage or stenosis of the 
esophageal suture line has always 
been an important concern of esoph- 
ageal surgeons. 

Although it is well known that gen- 
eral concitions such as a low serum al- 
bumin level in emaciated cancer pa- 
tients can result in leakage of an 
esophageal anastomosis, such ele- 
ments should be discussed only after 
the technically satisfactory anasto- 
mosis has been performed. The pur- 
pose of this article is to describe our 
technique of esophageal anastomosis, 
especially the anastomosis between 
the esophagus and stomach. 


Principles 


The following principles are held: 
(1) No defect of epithelium should be 
present (‘ample epithelium should be 
preserved). (2) Healing of the wound 
should be promoted between the cut 
ends, not between adventitia and 
serosa. (3) Careful attention should 
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be paid to direction of inserting and 
drawing out the needle. (4) The 
amount of suture material should be 
the minimum. (5) Effective intralumi- 
nal decompression at the site of 
anastomosis should be provided. 

Since the alimentary canal is an 
“outside environment” lined with epi- 
thelium, any small defect of mucosa is 
an abnormal state. We can consider a 
technical defect of epithelium as an 
“ulcer.” This could develop into a 
“perforated ulcer” with leakage of 
the anastomsis, or could develop into 
a “scarred ulcer” with stenosis at the 
anastomosis site. Principle 1 is of ut- 
most importance in primary healing. 
Tension at the anastomosis should be 
avoided, especially along the mucosal 
suture line, for the same reason. 

On the other hand, the flat epithe- 
lial surface has no ability to adhere or 
to heal the wounds. Similarly, the flat 


Fig 1.—Direction of stitches. 
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Esophagus 


Stomach 


Fig 2.—Esophageal anastomosis. 


Fig 4—Completed mucosa-to-mucosa 
anastomosis. Suc? on and feeding tube vis- 
ible in lumen of sopkagus (arrow). 





surfaces of serosa or adventitia have 
no adhering or healing properties. 
Hence, effect ve anastomotic wound 
healing must oceur between the cut 
ends of the canal, especially between 
the submucosa! Byers. 

For complete approximation of the 
epithelial e@es, efforts should be 
made to make both diameters the 
same, and th= suture needle should be 
directed te tae center of the circle of 
anastomosis. Tiis means that the 
needle should always meet the wall 
which is to .mcergo anastomosis at 
right angles (Fig 1). If the needle 
goes througt ob-iquely to the wall, ac- 
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Fig 5.—Esophagogastric anastomosis in 


cervical region (by restrosternal route) one 
year postoperative. Note anastomotic line 
(arrow). 


curate approximation of the corre- 
sponding walls is impossible. The 
needle should be drawn out along 
with the curvature or direction of the 
needle to avoid tearing. 

The greater the amount of suture 
material embedded within a given 
area, the greater the degree of tissue 
reaction.' Consequently, fine thread 
and few knots are most desirable, 
such as 4-0 silk, interrupted suture 
with atraumatic needle. 

Effective intraluminal decompres- 
sion at the site of anastomosis is 
important. When contamination or 
excessive exudation is expected, 





Fig 3.—Submucosal layer is exposed. Note 
margin of anastomosis (dotted linė). 





Fig 6.—Anastomosis six months postoper- 
ative. Note anastomotic line (short arrow) 
and tracheal impression (long arrow). on re- 
constructed esophagus. 


drainage is placed external to the 
anastomosis. 


Method 


The esophagus and the stomach are 
brought together to make sure not only 
that there is no tension, but also that there 
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is not too much redundancy, which would 
cause poor postoperative function of the 
reconstructed esophagus. 

The first procedure is to fix the outer 
layer on the posterior wall. The sutures 
should be placed so that the knots come on 
the outer surface of the suture line (Fig 2). 
After completing this, a circular excision is 
made along the adventitia and muscularis 
of the esophagus, and the distal muscular 
layer is pushed back so that the wide sub- 
mucosal layer is exposed. A similar proce- 
dure is performed on the stomach, and the 
cut margin is placed about 5 mm away 
from the circular excision (Fig 2 and 3). 
This procedure provides ample epithelium 
or mucosa for anastomosis. If the esoph- 
agus is severed in an ordinary manner, the 
mucosa retracts and becomes difficult to 
catch. 

No electrocoagulation is performed on 
the cut ends. Two-layer anastomosis of 
mucosa-to-mucosa and _ seromuscular-to- 
adventitiomuscular layer is done with in- 
terrupted, fine silk suture (Fig 4). 


Results 


Seventy-five esophageal anasto- 
moses have been performed under the 


1. Higgins GA: Orr’s Operations of Gen- 
eral Surgery. Philadelphia, WB Saunders 
Co, 1968, P 20. 

2. Maillard JN, et al: Cause of leakage 
at the site of anastomosis after esoph- 
agogastric resection for carcinoma. Surg 
Gynecol Obstet 129:1014-1018, 1969. 

_ 3. Heimlich HJ: Elective replacement of 


This article is important because of its 
clear exposition of the principles under- 
lying successful esophageal anastomosis. 
Similar principles were originally devel- 
oped in detail by several pioneer esoph- 
ageal surgeons, including Richard Sweet 
and Ronald Belsey. Having had the privi- 
lege of working with both of these out- 
standing men, I can attest to the im- 
portance of the fundamental concepts 
described by them and by Akiyama. The 
concepts are actually more important than 
the details of the anastomotic technique. 
In fact Sweet advocated a three-layer 
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principles described. Among the 75, 
only one patient (1.3%) developed a 
small fistula at the cervical anasto- 
mosis, which healed spontaneously. 

Figures 5 and 6 are typical postop- 
erative roentgenograms of a recon- 
structed esophagus in one stage with 
the stomach in retrosternal route (our 
routine technique for cancer of the 
thoracic esophagus) which reveal nei- 
ther leakage nor stenosis. 

No subjective complaints, such as 
difficulties in swallowing due to scar- 
ring or narrowing at the anasto- 
moses, were noticed up to as late as 
three years. 


Comment 


Leakage of esophageal anasto- 
moses has been one of the most im- 
portant problems in this field of sur- 
gery," and many basic efforts have 
been made to prevent this. Moore and 
Goldstein‘ and Goldsmith et al° de- 
scribed the use of the omentum in 
preventing a leaking esophageal su- 
ture line. Strahan et al® described the 
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anastomosis, Belsey a one-layer anasto- 
mosis, and Akiyama a two-layer. In spite 
of these apparent discrepancies, each sur- 
geon emphasized the importance of precise 
apposition performed with the minimum 
amount of suture material and a direct 
end-to-end union without inversion or 
eversion. Professor Akiyama’s results em- 
ploying these principles amply illustrate 
their effectiveness and importance. The 
only disagreement I have with this article 
is the use of intraluminal decompression at 
the anastomosis site and the suggestion 
that drainage external to the anastomosis 


repair using an adhesive such as 
methyl 2-cyanoacrylate monomer. 
The principles herein described are 
often forgotten in practice, but their 
performance is essential for a secure 
anastomosis. 

Haring and Franke’ described the 
factors which make an esophageal 
anastomosis difficult: (1) lack of a 
serosal coat, (2) esophagus coated 
with longitudinal muscle, easily torn 
by the stitches placed on it, (3) lon- 
gitudinal tension, and (4) poor circu- 
lation of the esophageal wall. 

For factors 1 and 2, the adventitia 
of the esophagus should be carefully 
preserved. Well-designed gastric or 
colonic substitutions of esophagus 
may resolve the problems caused by 
factor 8, and avoidance of excessive 
freeing of the organ should prevent 
factor 4. 

The purpose of regular suture is to 
put tissues on the correct plane, and 
not to crudely “pull” together the 
anastomosis. 


466, 1968. 

6. Strahan RW, Sajedee M, Duval MK: 
The leaking esophageal suture line. Am J 
Surg 106:570-574, 1963. 

7. Haring R, Franke H: Gastrektomie 
und Kardiaresektion beim Magenkarzi- 
nom. Stuttgart, Germany, Georg Thieme 
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might be used. Evidence from a number of 
experiments indicates that external drain- 
age of an anastomosis tends to promote 
leakage. I feel it is best not to place a 
drainage tube across an anastomosis inter- 
nally as well. In summary, the concepts de- 
scribed in this article are widely accepted 
as the basis for successful esophageal sur- 
gery and the author’s technique based 
upon them is to be recommended. 

Davip B. SKINNER, MD 

Chicago 
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Spigeian Hernia 


John A. Singer, MI. Arlie R. Mansberger, Jr., MD, Baltimore 


Spigelian hernses ære spontaneous, lateral, 
ventral hernias proteuding through the Spi- 
gelian fascia, ie, the area between the mus- 
culofascial junction of the transverse ab- 
dominal muscle aterally and the outer edge 
of the rectus muscle medially. The diagnosis 
is often overooked because of the frequent 
lack of definitive physical findings, but must 
be considered ir any case of lower, lateral, 
abdominal pain ar temor mass. 


he anasom.c dccurrence of a her- 
nia aleng the semilunar line was 
first reported by La Chausse’ in 1746. 
He believed tae kernia to be of trau- 
matic origin. =linktosch in 1764? em- 
phasized the nentraumatic origin of a 
hernia in this ecation and called the 
hernia Spigeaan after Adrian Van 
der Spiegel, the famous Flemish 
anatomist at -ne University of Padua 
(1578 to 1625) who first described the 
semilunar fin= 
Controvers- hes surrounded the de- 
scription of the Spigelian hernia. 
Some have nemed any herniation oc- 
curring aleng the semilunar line (de- 
fined as the lime sormed at the lateral 
edge of the reetts abdominis muscle, 
where the apenesrosis of the internal 
oblique splits to encircle’the muscle, 
and extendine from the eighth and 
ninth costa zartilages to the 
symphysis puzis: as a Spigelian her- 
niz. 
Others defiae the semilunar line as 
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a zone of transition between the mus- 
cular fibers and the aponeurosis of the 
transverse abdominal muscle and de- 
scribe Spigelian hernias as those oc- 
curring in defects within this zone. 

It is the purpose of this report to 
describe eight cases of Spigelian her- 
nia and to review the literature with 
special emphasis on the anatomical 
features of this hernia. 


Report of Cases 


CASE 1.—A 70-year-old white woman en- 
tered Mercy Hospital in Baltimore in July 
1961, with a chief complaint of pain and a 
mass that was present in her right lower 
quadrant for the previous three years. The 
hernia was always easily reducible. The 
preoperative diagnosis was simply ventral 
hernia. At operation, the hernial sac was 
found under the external oblique aponeu- 
rosis, extruding through a fascial defect in 
the internal oblique muscle and accom- 
panying a branch of the 12th thoracic 
nerve, artery, and vein. The neck of the sac 
was small, and a loop of ascending colon 
and omentum was adherent to the wall of 
the sac. The hernia was repaired, and the 
patient recovered without complications. 

CASE 2.—A 39-year-old man entered 
Mercy Hospital in January 1963 because of 
abdominal pain and a left-lower-quadrant 
mass that had been present for ten years. 
One day prior to admission, the patient ex- 
perienced pain above the mass and subse- 
quent nausea and vomiting. On physical 
examination, tender, soft, nonreducible 
mass was palpated in the left, lower quad- 
rant. The preoperative diagnosis was in- 
carcerated hernia of undetermined type. 
At operation, incarcerated omentum was 
found in the sac that appeared subcutane- 
ously at the outer edge of the rectus 
muscle and was protruding through the ex- 
ternal oblique aponeurosis. 
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CASE 3.—A 43-year-old white woman was 
admitted to University Hospital in Balti- 
more in November 1964, with a chief com- 
plaint of a right-sided hernia. She had a 
six-year history of pain in the lower part 
of the abdomen on the right that was in- 
tensified by vigorous activity. The patient 
had nine children. On physical examina- 
tion, there was slight tenderness in the 
right, lower quadrant on deep palpation. 
On standing, a bulge appeared in the right, 
lower quadrant, 2.5 cm medial to the iliac 
spine. A preoperative diagnosis of Spi- 
gelian hernia was substantiated at the 
time of repair. The patient had an un- 
eventful postoperative course. 

CASE 4.—A 29-year-old white man was 
admitted to University Hospital in October 
1968, with a one-year history of a right- 
sided hernia and episodic bouts of right, 
lower-quadrant pain lasting for as long as 
two weeks at a time. On physical examina- 
tion, a fluctuant mass was palpable at the 
outer edge of the right rectus muscle. A 
diagnosis of Spigelian hernia was made. 
At operation, a small fascial defect was 
found to contain preperitoneal fat. The 
peritoneum was incised, and the abdomen 
explored through this limited opening. An 
inflamed appendix was found and re- 
moved. The pathology report showed acute 
and chronic appendicitis with fecalith in 
the appendix. Then, the hernia was re- 
paired. The postoperative course was com- 
plicated by a wound infection. 

CASE 5.—A 74-year-old white man was 
admitted to Mercy Hospital in October 
1969, with a chief complaint of a lump in 
his abdomen. The patient had a ten-month 
history of left-lower-quadrant pain that 
was more intense in the erect or seated po- 
sitions, and was relieved by lying down. He 
also had a four-month history of swelling 
in this area. His history also included bilat- 
eral inguinal herniorrhaphy. On physical 
examination, there was a l-cm fascial de- 
fect just lateral to the left rectus muscle. 
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or 


Spigelian Fascia 
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Usual Definition of 
Semilunar Line 
Anterior Rectus Sheath 
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Semilunar Line Sheath 


Transverse section through abdominal wall above level of umbilicus. Note location of 


semilunar zone vs semilunar line. 


Over the defect was an 8x5-cm mass that 
was easily reducible. A Spigelian hernia 
was diagnosed, and, through a transverse 
incision at operation, the sac containing 
omentum was found under the external 
oblique aponeurosis. The defect was re- 
paired, and the patient had no complica- 
tions. 

Case 6.—A 41-year-old white man was 
admitted to Mercy Hospital in August 
1970, with a several-month history of 


vague bulging in the left, lower abdomen. 


One month prior to admission, a definite 
hernia was noted on standing or coughing. 
On coughing, a 4x5-cm mass at the outer 
border of the left rectus muscle was noted. 
This was reduced easily. The preoperative 
diagnosis of a Spigelian hernia was made, 
and, at operation, a hernial sac and incar- 
cerated tags of omentum were resected. 
The patient had an uneventful postopera- 
tive course. 

Case 7.-A 68-year-old, obese, white 
woman was admitted to University Hospi- 
tal in August 1971, because of a right- 
lower-quadrant mass of one year’s dura- 
tion. On examination, the patient had a 
3x6cm tender, poorly defined, ‘irm mass 
just medial to the right, anterior, superior 
iliac spine. A barium sulfate enema 
showed a pseudodiverticulum. The preop- 
erative diagnosis was cecal mass or ovar- 
ian disease. However, at operation, a her- 
nia with a 2-cm fascial defect was found 
beneath the aponeurosis of the external 
oblique muscle, at the border of the rectus 
muscle. The hernia was repaired, and the 
patient recovered without complication. 

Case 8.—A 68-year-old Negro woman 
was admitted to University Hospital in 
November 1971, with a two- to three-year 
history of pain and a mass in the right, 
lower quadrant. The patient had an epi- 
gastric hernia repair in 1959. On examina- 
tion, in the recumbent position with her 
head elevated, a 2-cm defect at the lateral 
edge of the rectus muscle, just below the 
umbilicus, was palpable. A Spigelian her- 
nia was diagnosed. This was repaired with- 
out complications. 
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Comment 


The formation of the rectus sheath 
superior to the semicircular line of 
Douglas occurs as a result of the 
splitting of aponeurotic fibers of the 
internal oblique muscle into two la- 
mellae that encircle the rectus ab- 
dominis muscle. The anterior lamella 
is joined by the aponeurosis of the ex- 
ternal oblique muscle and the poste- 
rior layer by the aponeurosis of the 
transverse abdominis muscle. Below 
the semicircular line, the aponeurosis 
of all three lateral abdominal muscles 
pass anterior to the rectus abdominis 
leaving that muscle separated from 
the peritoneum only by the trans- 
versalis fascia. 

There has been much controversy 
about the anatomy of the abdominal 
wall in reference to the Spigelian her- 


“nia. Most writers describe the semi- 


lunar line as the line formed by the 
internal oblique aponeurosis as it 
splits to ensheath the rectus muscle.*° 
This definition is found in standard 
anatomy as well as surgical’ texts. 
Bertelson® states, however, that Spie- 
gel originally defined the semilunar 
line as being in a more lateral posi- 
tion, ie, at the line of transition be- 
tween the muscular fibers and the 
aponeurosis to the transverse abdom- 
inal muscle. River? in 1942 and more 
recently Charlesworth’ concur with 
this latter definition. However, Spi- 
gelian hernias do not occur exclu- 
sively in either of these two anatomic 
lines. They are seen as defects in the 
area between these lines. Thus, 
Read" describes a semilunar zone 
since the aponeuroses of the trans- 
verse and internal oblique muscles ex- 
tend for a variable distance lateral to 
the rectus muscle and medial to their 


respective muscles. Others refer to 
this band of fascia between the rectus 
muscle medially and the muscular 
portion of the lateral, abdominal wall 
muscles laterally as Spigelian fascia. 
It is through this band of fascia that 
the hernia protrudes (Figure). 

In their anatomic dissections of 250 
adult cadavers, Zimmerman et al” re- 
peatedly demonstrated weaknesses in 
the abdominal wall fascia. These au- 
thors observed bending of the fibers 
of the internal oblique muscle in 
21.8% of these cissected specimens 
that created weakened areas of the 
musculofascial sheath. The defects 
varied in maximum diameter from 0.2 
to 1.5 em and were covered only by 
the investing fascia of the internal 
oblique muscle. Similar defects were 
found in 16.4% of dissected, trans- 
verse muscle speamens. In 45 of 100 
specimens, defects were observed in 
one or both of the above-mentioned 
layers (25 in the internal oblique 
muscle alone, ter in the transverse 
muscle, and 10 in both). Of these last 
ten specimens, six had superimposed 
defects. By contrast, little banding 
and weakness was found in dissection 
of the external oblique muscle. These 
anatomic facts support the usual op- 
erative findings im Spigelian hernias. 
The sac is almost always found to 
have penetrated the two deeper apo- 
neurotic layers but remains confined 
by the aponeurosis of the external 
oblique muscle. 

The muscle apcmeuroses are pene- 
trated by neurovascular bundles caus- 
ing potentially weakened points in 
the fascia. Hernias have been de- 
scribed at these points of neurovas- 
cular penetrations of the semilunar 
fascia.’*"* 

There have been several theories 
proposed to explein the observation 
that a Spigelian hernia most often oc- 
curs at or below the point where the 
semicircular line crosses the semi- 
lunar zone of fascia. Mersheimer et 
al state that, above the umbilicus, 
the aponeurotic fibers of the internal 
oblique and transverse abdominal 
muscles cross at angles to each other, 
whereas, below the umbilicus, the fi- 
bers are parallel. This gridiron effect, 
superiorly, forms a stronger wall, 
making it more lixely for a hernia to 
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protrude ‘through the 
weaker inferior portion. 

The eighe patients described previ- 
ously comprise all of the cases of Spi- 
gelian hernia admitted to two Balti- 
more hospicals over an 11-year period 
(1961 to 1971). Daring this same pe- 
riod, these hespitals had a total of 
51,26 genera surgical admissions 
and 6,480 spomteneous, anterior ab- 
dominal wall hernias, ie, epigastric, 
umb lical, nguinal, femoral, Spigeli- 
an, and cther spontaneous ventral 
hernias (exclucin incisional hernias). 
Thus, Spigeliam hernias accounted for 
only 0.12% of she spontaneous, ante- 
rior abdomina! wall hernias. In our 
series, the zorrect diagnosis was made 
preoperatively im five of the eight 
cases. 

Most Spgelcar hernias occur at or 
about the =vel waere the semicircular 
line of Doaglas crosses the semilunar 
zone. Thisis trueof the present series 
also altheugh taere are reports’ of 
these hermias ceeurring above the 
leve of the umbi ieus. Theoretically, a 
Spigelian hernie can occur inferior 
(medial) -o the epigastric vessels. 
However, a hernia in this location 
cannot be distinguished from a direct 
inguinal hernie. This distinction, 
however, 5 of academic interest only. 

Aimest all Spigelian hernias appear 
beneath he external oblique apo- 
neurosis, sinee this layer is con- 
sistently Ess variable than the deeper 
aponeurofic piares. Case 2 is an ex- 
ample of -he rar= occurrence of a Spi- 
gelin hemia appearing in the subcu- 
tansous t-ssue, having penetrated all 
three mar fascial layers of the ab- 
dominal wall. I- is noteworthy that 
we teach ~esiderts to close abdominal 
incBions +y ayp7oKimating fascia and 
aponeuroic ayers only, and that 
muscle finers tnemselves add little 
strength -o a cləsure. Yet, spontane- 
ous ventral hernias, invariably occur 
where there is li-tle or no muscle, only 
faseia. Epigastr-e, umbilical, inguinal, 
femoral, ənd Sp-gelian hernias all oc- 
curas a result of fascial, not muscular 


relatively 
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defects. Perhaps these muscles add 
more strength to the abdominal wall 
than has been subscribed to them. 

Case 1 supports Cooper’s theory of 
Spigelian hernias protruding through 
neurovascular passageways in the 
fused aponeuroses. Cooper, however, 
was incorrect in assuming that neuro- 
vascular penetration was the only 
causative factor." 

The ages of these eight patients 
ranged from 29 to 74 years. However, 
Spigelian hernias have been reported 
in infancy. Half of the eight pa- 
tients reported in our series were 
men. These findings are in agreement 
with the literature that indicates a 
lack of sexual predominance. Incar- 
ceration of Spigelian hernias is not 
rare’'*'8: four of our eight cases had 
symptoms of incarceration of omen- 
tum or of bowel. A single instance of 
recurrent herniation has been re- 
ported by Olson et al.’ 

The difficult diagnosis of Spigelian 
hernias relates to the fact that these 
hernias penetrate the deeper ana- 
tomie aponeurotic defects but are 
confined by the aponeurosis of the ex- 
ternal oblique muscle, making palpa- 
tion difficult especially in the obese 
patient. On occasion, the initial com- 
plaint is vague and ill-defined lower- 
quadrant pain, and, unless examina- 
tion is performed in both the stand- 
ing and supine positions with the 
head raised, the hernial mass is easily 
overlooked. Spigelian hernias often 
occur in multiparous women (case 3) 
or after recent weight loss.’* 

The most common initial symptoms 
are pain, a mass, or both. Of the eight 
patients described, six had symptoms 
of pain and a mass while the other 
two complained only of a mass. 

On the right, pain associated with a 
nonpalpable hernia may be diagnosed 
as acute appendicitis. Indeed, in case 
4 both conditions existed, and the re- 
current bouts of right, lower-quad- 
rant pain was most likely due to the 
chronic appendicitis found serendip- 
itously at operation for the hernia. 


Case 7 is interesting in that this pa- 
tient complained of a right, lower- 
quadrant mass of one year’s duration, 
and was examined for a suspected 
neoplasm. In spite of a barium enema 
that showed a pseudodiverticulum of 
the cecum with fixation, the diagnosis 
of a hernia was not entertained, and 
the patient was examined for neo- 
plasm. 


References 


1. La Chausse BJ: Chirurgie de hernia 
Hynde halleri disput. Chir Selecta toni 3, 


2. Holloway JK: Spontaneous lateral 
ventral hernia. Ann Surg 75:677-685, 1922. 

3. Koontz AR: Hernia in the linea semi- 
lunaris. Ann Surg 135:875-878, 1952. 

4. Olson RO, et al: Spigelian hernia rare 
or obscure? Am J Surg 116:842-846, 1968. 

_5. Wakeley C, Child P: Spigelian hernia: 
Hernia through the linea semilunaris. Lan- 
cet 1:1290, 1951. 

6. Gray H: anatomy of the Human 
Body. C Goss (ed), Philadelphia, Lea and 
ie 1959, p 464. 

7. Shackleford RT: Surgery A the Ali- 
mentary Tract. Philadelphia, WB Saun- 
ders Co, 1955, p 2509. 

8. Bertelson S: The surgical treatment 
of spi elian hernia. Surg Gynecol Obstet 
122:567-572, 1968. 

9. River LP: Observations on the etiol- 
ogy of spigola hernia. Ann Surg 116:405- 
411, 1942. 


10. Charlesworth D: Spigelian hernia. 
Br J Clin Pract 23:169-170, 1969. 

11. Read RC: Observations on the etiol- 
ogy of spigelian hernia, in Nybus LM, Har- 
kins HN (eds): Hernia. Philadelphia, JB 


Lippincott Co, 1 357. 

1D a Lat et al: Ventral her- 
nia due to normal banding of the abdomen 
Figen Surg Gynecol Obstet 78:535-540, 


13. Cooper A: The Anatomy and Surgi- 
cal Treatment of Inguinal and Congenital 
Hernia. London, Longman, Hurst, Rees, 
and Orme, 1804. 

14. Strode JE: Spigelian hernia. Surg 
Clin North Am 43:13879-1384, 1963. 

15. Mersheimer WL, Winfield JM, Rug- 
giero WF: Spontaneous lateral ventral her- 
nia. Arch Surg 63:39-40, 1951. 

16. Graivier L, et al: Bilateral spigelian 
sy in infancy. Am J Surg 120:817-819, 

17. Harless MS, Hirsch JE: Spigelian or 
spontaneous lateral ventral hernia. Am J 

urg 100:515-521, 1960. 

18. Read RC: Observations on the etiol- 
0 of Pek hernia. Ann Surg 
152:1004-1009, 1960. 


Spigelian Hernia/Singer & Mansberger 517 











Lederle Laboratories presents 
EXPLORATIONS IN ANTIMICROBIAL THERAPY 





microbial specificity in a wide range of 
hospital infections due to susceptible 
a pathogens* 





MINOCYCLINE HCI 
INTRAVENOUS 100 mg/vial 


Meets bacterial 
challenges 
in the hospital 








MINOCIN Minocycline HCI 
Intravenous administered 
in dosages identical to 
the usual oral regimen of 
MINOCIN, 200 mg 
initially, 100 mg q. 12 h. 
provides prompt 
antimicrobial serum 
levels to control in- 
fections caused by 
susceptible patho- 
gens in the hospital. 


importance, such as 
susceptible Bacteroides sp., 
Clostridium sp. and Mima- 
Herellea sp., implicated 
in postsurgical G.I. and 
G.U. infections; and 
against populations of 
ecognized importance 
such as E. coli and 
Klebsiella sp. (See 
Table II.) 


MINOCIN I.V. used 


MINOCIN can be as recommended 
effective in the rarely results in 
treatment of pneu- thrombophlebitis. 
monia, skin and If MINOCIN LV. is 
soft tissue infec- given over pro- 
tions, bacteremia longed periods, 
and septicemia. In however, throm- 
hospital infections, bophlebitis may 


occur. In all appli- 

Cable cases, oral 
MINOCIN should be 
instituted as soon as 
possible. 


it can be useful 
against populations 
of pathogens 

assuming increasing 


*When bacteriologic testing indicates appropriate 
susceptibility to MINOCIN Minocycline HCI. 
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MINOCIN minocycline HCI 





penetration levels after oral administration: 
respiratory, G.I., G.U. and other tissues/fluids 
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The major sart of the datasnehumans was derived from the pharmacologic trial in patients scheduled for various types of surgery. 
They were given the MI OCIN loading dose of 200 mg initially followed by 100 mg at 12-hour intervals for four days. At the time of 
surgery, a Blood sample s“asdrawn and a 'wo-gram specimen of excised tissue was reserved for analysis. 


TABLE i 


PENETRE ES SITES OF INFECTION TO 
OVERCOME S S©CEPTIBLE HOSPITAL PATHOGENS* 


k SITES OF SURGERY/INFECTION 
PATHOGEN “** (NOT INCLUSIVE) 


Bactercides sp. Gallbladder 
Lower G.I. Tract 
Female G.U. Tract 


Clostricium sp Gallbladder 
E. coli Prostate 
G.I. Tract 
G.U. Tract 
Klebsiella sp: Respiratory Tract 
G.U. Tract 
D. pneemonize Respiratory Tract 
Enterobacter G.I. Tract 
[Aerobacter) G.U. Tract 
H. influenzae Respiratory Tract 
Enterococcus Lower Bowel 
G.I. Tract 
Mimé-Herellea s» Urethra 


Vaginal Tract 


Staphylococcus mreus*** | Skin and Soft Tissue 


When Sop pated oct indicates appropriate susceptibility to 
MINOCIS Minocrcti me + >. 

MINOCI® not active against Proteus sp. or Pseudomonas. 
Tetracyclines aremot 72 dr f choice in the treatment of any type of 
ay bapa intec= oas MINOCIN is indicated for treatment of 
staphylococcus aura sir skin and soft tissue infections only when 
bacteriologic tests infica® appropriate susceptibility to the drug. 


IN VITRO ACTIVITY+ OF MINOCIN Minocycline HCI 
AGAINST 421 STRAINS OF VARIOUS BACTERIA, 
INCLUDING PATHOGENS AND NONPATHOGENS?++ 


NUMBER OF 
STRAINS MINOCYCLINE 

ORGANISM TESTED ACTIVITY 
Staphylococcus aureus 56 56 
Diplococcus pneumoniae 35 31 
Streptococcus, group A 63 57 
Streptococcus, group B 12 6 
Streptococcus, group C 3 3 
Streptococcus, group G 3 3 
Streptococcus viridans 31 30 
Enterococcus 36 6 
Neisseria gonorrhoeae 25 21 
Hemophilus influenzae 15 1 
Escherichia coli - 48 32 
Proteus sp.+t+ 34 3 
Klebsiella me E 9 
Enterobacter aerogenes 3 3 
Enterobacter cloacae 7 3 
Serratia 4 4 
Herellea 7 7 
Mima polymorpha 1 1 
Pseudomonas aeruginosa ++ 15 6 


t No direct correlation should be inferred between in vitro and 
in vivo activity. 
+t No approved clinical indication for MINOCIN therapy in infections 
due to Proteus sp., Pseudomonas. 


+++ Includes two strains of P. morganii and P. rettgeri and 32 of 
P. mirabilis. 


Before prescribing MINOCIN, please refer to the prescribing information for full description 
Lederle } of adverse effect 





s and precautions, a copy of which is on the last page of this advertisement. i f 
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MINOCYCLINE HCI 


semisynthetic tetracycline 
for office and hospital 


MINOCIN provides 
effective therapy with 
relatively few problems 


@ Penetrates tissues of respiratory, G.I. and 
G.U. tracts, skin and muscle. 


@ No photosensitivity to date. 


@ Well absorbed even with food, dairy 
oroducts or colas. 


@ Enamel hypoplasia/tooth staining can 
occur in children under eight. 


@ if renal impairment exists, lower than 
usual doses are indicated. (See WARNING 
in Package Insert.) 


@ Lightheadedness that may occur is tran- 
sient, disappearing during therapy or always 
after therapy is completed. 


@ Dosage form flexibility: supplied as 50 mg 
and 100 mg capsules, 50 mg/5 cc syrup, and 
100 mg/vial intravenous. 


Lederle Laboratories 
A Division of American Cyanamid Company 
Pearl River, N.Y. 10965 





NEW 
50 mg 
CAPSULE 


...1f more 
frequent doses 
are preferred 






MINOCIN’ Minocycline Hydrochloride 


Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochlo- 
ride is a semi-synthetic derivative of tetracycline. 
7-dimethylamino-6-deoxy-6-demethyitetracycline 
hydrochloride. 


Intravenous: Each vial, dried by cryodesiccation, 
containssterile Minocycline Hydrochloride equiva- 
lent to 100 mg. Mineacycline. When reconstituted 
with 5 cc. of Sterile Water For Injection the pH 
ranges from 2.0to2 5 


ACTIONS: Microbiology. The tetracyclines are pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein syn- 
thesis. Minocycline HCI is a tetracycline with anti- 
bacterial activity comparable to other tetracyclines 
with activity against a wide range of gram-negative 
and gram-positive organisms 

Tube dilution testing: Microorganisms may be 
considered susceptible (likely to respond to mino- 
cycline therapy) if the minimum inhibitory concen- 
tration(M.I.C.) isnot more than 4.0 mcg./ml. Micro- 
organisms may be considered intermediate 
(harboring partial resistance) if the M.1.C. is 4.0 to 
12.5mcg./ml. and resistant (not likely to respond to 
minocycline therapy) if the M.I.C. ts greater than 
12.5 mcg./ml. 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 mcg. 
tetracycline disc) gives'a zone of 18 mm. or greater. 
the bacterial strain is considered to be susceptible 
to any tetracycline. Minocycline shows moderate 
in vitro- activity against certain strains of 
staphylococci which have been found resistant to 
other tetracyclines. For such strains minocycline 
susceptibility powder may be used for additional 
susceptibility testing 


INDICATIONS. MINOCIN minocycline HCI is indi- 
cated in infections caused by the following micro- 
organisms: 

Rickettsiae: (Rocky Mountain spotted fever, ty- 

phus fever and the typhus group, Q fever, rickett- 

sialpox, tick fevers 

Mycoplasma pneumoniae (PPLO., Eaton agent). 

Agents of psittacosis and ornithosis. Agents of 

lymphogranuloma venereum and granuloma in- 

guinale. The spiroc etal agent of relapsing fever 

(Borrelia recurrent:s). The following gram-nega- 

tive micro-organisms: Hemophilus ducreyi 

(chancroid), Pasteurella pestis and Pasteurella 

tularensis, Bartonetia bacilliformis, Bacteroides 

species. Vibrio comma and Vibrio fetus. Brucella 
species (in conjunction with streptomycin). 

Because many straims of the following groups of 
micro-organisms have been shown to be resistant 
to tetracyclines, culture and susceptibility testing 
are recommended. 

MINOCIN minocyc-tne HCI is indicated for treat- 
ment of infections caused by the following gram- 
negative micro-organsms, when bacteriologic test- 
ing indicates appropriate susceptibility to the drug: 

Escherichia coli, Enterobacter aerogenes (for- 

merly Aerobacter aerogenes), Shigella species. 

Mima species and Herellea species, Haemo- 

philus influenzae (respiratory infections), K/eb- 

siella species (respi-atory and urinary infections). 

MINOCIN is indicatad for treatment of infections 
caused by the following gram-positive micro-or- 
ganisms when bacteriologic testing indicates ap- 
propriate susceptibility to the drug: 
Streptococcus species: Up to 44 percent of strains 
of Streptococcus pyogenes and 74 percent of 
Streptococcus faecalis have been found to be re- 
sistant to tetracycline drugs. Therefore, tetracy- 
clines should not be used for streptococcal disease 
unless the organism has been demonstrated to be 
sensitive. 

For upper-respiratory infections due to group A 
beta-hemolytic streptecocci, penicillin is the usual 
drug of choice, including prophylaxis of rheumatic 
fever. 


| MINDEIN Iv 
| 100 m¢/Vial 


| MINOSIN Capsules 
100 ne 
ee x, 


| MINOSIN Capsules 
{| 50mg 


| MINOCIN Syrup 
' | SOm@g’Scc 


_ Diplococcus pnewmormae., l - 
- Staphylococcus ureus. skie and soft tissue infec- 
tions. Tetacyclines arenotit= drug of choice in the 
treatment of any type:ef stammylococcal infection. 
-When penicillimis contraimdicated, tetracyclines 
go altermative drugs im the featment of infections 
- dueto. 
_ Neissæia gono=rhosae, Tr=ponema pallidum and 
-~ — Treporema pefenwe (sy ilis and yaws), Listeria 
_ monoaytogenes, Clostexfum species, Bacillus 
anthracis, Fus@baetrium fusiforme (Vincent's 
infection). Actinomyces species. 
__ In acure intestinal amebiasis, the tetracyclines 
may be é useful atijumct tommebicides. 

MINOCIN ts indicated imte treatment of tracho- 
ma, al:haugh the intecticu= agent is not always 
eliminated, as ju@ged 3y immunofluorescence. In- 

= clusionconjunctivtismay setreated with oral tetra- 
cyclinessor with a combinatton of oral and topical 
ý agents. 


: ab Oral oaly: In severe acme the tetracyclines may 

_ be useful adjunctivestrerapy. Minocycline is indi- 

cated nthe treatment of as-mptomatic carriers of 

_ WN. meningitidis teetimenate neningococci fromthe 

 Nasoprarynx. 

In order to preservetthe usefulness of MINOCIN 

_ minocycine HCiimthe trea™nent of asymptomatic 

meningecoccal carries. diagnostic laboratory pro- 

cedures. including serotypang and susceptibility 

testing, should beper! ormecto establish the carrier 

State and the corect |seatment. It is recommended 

that the drug be mserued fossituations in which the 

risk of mMeningocacca! menmgitis is high. 

_ Minocycline isnot imdicat=d for the treatment of 

meningecoccal infection. 


_ cated inpersonswho nave shown hypersensitivity 
_ toanyor the tetracyclines 


_ WARNIMIGS. In the preseac of renal dysfunction, 
perros in pregnancy mravenous tetracycline 
_ therapy mn daily dèses exceeding 2 grams has been 
associated with seatrs thrcugh liver failure. 
_. Whenthe neeefor irtensise treatment outweighs 
__ itspotartial dangers (mostiyduring pregnancy or in 
individuals with snowmorsaspected renal. or liver 
_ impairrrent) itisadvisablete perform renalandliver 
__ functiormtests be-oreand awing therapy. Also tetra- 
5 epia erum ceneertratioms should be followed. 
___Ifrené impairment exists»even usual oral or par- 
_ enteralcoses may lead toeessive systemic accu- 
_ Mulatiom of the drug anā dossible liver toxicity. 
_ Unde ht meg > rte ing than ‘eu i doses 
are indi ard if therapy is prolonged, serum 
heel deserminet onsef the drug may be advisable. 
_ This hazard is of particularimportance in the paren- 
_ teral administration ef tetea: yclines to pregnant or 
_ post-pastum patents with pyelonephritis. When 
used urder these circumstances. the blood level 
_ should not exceed S micograms/ml. and liver 
_ functiortests sheuidibe mawe at frequent intervals. 
_ Other potentially hepatotoxc drugs should not be 
presc"ibed concemitantly 
= The use of tetracyclines during tooth develop- 
ment (last half ofreqmaneysinfancy. and childhood 
to the age of 8 wears: may-cause permanent dis- 
_ coloratienof theteett(yeliaw-gray-brown). This ad- 
verse reaction is more canamon during long-term 
use of the drugs dDutħas bæn observed following 
Fá ed short-erm sousses. Enamel hypoplasia 
_ has aise been mported. Tetracyclines, therefore, 
_ should mot be used ir this age group unless other 
_ drugs arenot likely to be @ fective or are contra- 
lindicetel, — =) 
_ Phctcensitivilymanifesed by an exaggerated 
_ Sunburr reaction has been observed in some indi- 
_ viduals «aking tetracyclines Patients apt to be ex- 
posec te direct sunlight or ultraviolet light should 
be advised that this react can occur with tetra- 
cycline drugs, amd:treatm=st should be discontin- 
ued a" the first eviderce af skin erythema. Studies 
todateiadicate that protosensitivitydoes not occur 
with MINOCI N raimocyclime HCI. ee 


5 
ha i ‘ 
~ CONTRAINDICETIONS. Ts drug is contraindi- 


ADULT DOSAGE 
(GENERAL) 


(GENERAL) | 


4 mg/kg initially. 


200 mg initially 
2 mg/kg q. 12 h. 


100 mgq. 12h. 


4 mg/kg initially. 


200 mg initially. 
2 mg/kg q. 12h. 


100 mgq 12h. 


100 mg to 200 mg 
initially. 50 mg 
q.i.d. 


4 mg/kg initially. 
2 mg/kg q. 12h. 


2 teaspoonfuls 
(100 mg) initially, 
1 teaspoonful 
(50 mg) qid. 


2 mg/kg q. 12 h. 





The antianabolic action of the tetracyclines may 
cause an increase in BUN. While this is not a prob- 
lem in those with normal renal function, in patients 
with significantly impaired function, higher serum 
levels of tetracycline may lead to azotemia, hyper- 
phosphatemia, and acidosis. 

CNS side effects including lightheadedness. diz- 
ziness or vertigo have been reported. Patients who 
experience these symptoms should be cautioned 
about driving vehicles or using hazardous machin- 
ery while on minocycline therapy. These symptoms 
may disappear during therapy and always dis- 
appear rapidly when the drug is discontinued. 


Usage in Pregnancy. (See above Warnings about 
use during tooth development.) 

Results of animal studies indicate that tetracy- 
clines crass the placenta, are found in fetal tissues 
and can have toxic effects on the developing fetus 
(often retated to retardation of skeletal develop- 
ment). Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 


Usage in newborns, infants, and children. (See 
aava “Warnings about use during tooth develop- 
ment. 

All tetracyclines form a stable calcium complex in 
any bone ferming tissue. A decrease in the fibula 
growth rate has been observed in prematures given 
oral tetracycline in doses of 25 mg./kg. every 6 
hours. This reaction was shown to be reversible 
when the drug was discontinued. 

Tetracyclines are present in the milk of lactating 
women whe are taking a drug in this class. 


PRECAUTIONS. As with other antibiotics prepara- 
tions, use of this drug may result in overgrowth of 
nonsusceptible organisms, including fungj. If super- 
infection oecurs, the antibiotic should be discon- 
tinued and appropriate therapy should be instituted. 

In venereal diseases when coexistent syphilis is 
suspected, darkfield examination should be done 
before treatment is started and the blood serology 
repeatedmonthly for at least 4 months. 

Because tetracyclines have been shown to de- 
press plasma prothrombin activity. patients who are 
on anticeagulant therapy may require downward 
adjustment of their anticoagulant dosage. 

In long-term therapy, periodic laboratory evalua- 
tion of organ systems, including hematopoietic. 
renal and hepatic studies should be performed. 

All infections due to Group A beta-hemolytic 
streptocecei should be treated for at least 10 days. 

Since bacteriostatic drugs may interfere with the 
bactericidal action of penicillin, it is advisable to 
ead giving tetracycline in conjunction with peni- 
cillin. 


ADVERSE REACTIONS. Gastrointestinal: Ano- 
rexia, nausea, vomiting, diarrhea, glossitis, dys- 
phagia, enterocolitis, and inflammatory lesions 
(with monilial overgrowth) in the anogenital region. 

These reactions have been caused by both the 
oral and parenteral administration of tetracyclines. 
Skin: Maculopapular and erythematous rashes. 
Exfoliativedermatitis has been reported but is un- 
common Photosensitivity is discussed above (See 
“Warnings. ) Renal toxicity: Rise in BUN has been 
reported and is apparently dose related. (See 
“Warnings. ) Hypersensitivity reactions: Urticaria, 
angioneurotic edema, anaphylaxis, anaphylactoid 
purpura, pericarditis and exacerbation of systemic 
lupus erythematosus. Bulging fontanels have been 
reporte ee infants following full therapeutic 
dosage. T sign a epoaree rapidly when the 
drug was discontinued, Blood: Hemolytic anemia, 
thromboeytopenia, neutropenia and eosinophilia 
have been reported. CNS: (See “Warnings. ) When 
given over prolonged periods, tetracyclines have 
been reportedto produce brown-black microscopic 
discoloration of thyroid glands. No abnormalities 
of thyroid function studies are known to occur. 


DOSAGE AND ADMINISTRATION: ORAL. Therapy 
should be continued for at least 24-48 hours after 
a $ f i EF ; 4 ` ` A i ee 


4 mg/kg initially. 


PEDIATRIC DOSAGE © 


1 Vial 100 mg 
Box of 100 Vials 


Bottles of 50's and 100s: 
Unit dose 10x 105. 


2, i. 
+ 


~ oR 


Bottles of 100s —— 


2-fluidounce Bottles i 
>: ‘ 


symptoms and fever have subsided. —  — —  — — 
Concomitant therapy: Antacids containing 
aluminum. calcium. or magnesium rype rp- 
tion and should not be given to patients taking oral 
tetracycline. | > ey oo 
Studies todate haveindicated thatthe absorption | 
of MINOCIN is not notably influenced by foodsand A 
dairy products. l i 
In patients with renal impairment: (See “Warn- 
ings.) Total dosage should be decreased by reduc- $ 
tion of recommended individual doses and/or by 


Ba 


oe 


extending time intervals between doses. 
In the treatment of streptococcal infections. a | 
therapeutic dose of tetracycline should be adminis- 
tered for at least 10 days. We ORL. ee 
ADULTS: The usual dosage of MINOCIN minocy- 
cline HCI is 200 mg. initially followed by 100 mg. 
every 12hours. Alternatively. ifmorefrequentdoses 
are preferred. two or four 50 mg. capsules may be © = 
given initially followed by one 50 mg. capsule four Ž 
times daily. “eS 
CHILDREN: TheusualdosageofMINOCINmMino- 
cycline HCI is 4 mg/Kg. initially followed by2mg/ 
Kg. every 12 hours eo Vf * > po 
Fortreatment of syphilis. the usualdosageof 
MINOCIN should be administered over a period of 
10-15 days Close followup. including laboratory E 
tests. is recommended. > pe. ea 
Gonorrhea patients sensitive to penicillin may be = 
treated with MINOCIN administered as 200 mg 
initially followed by 100 mg. every twelve hoursfor -~ 
a minimum of 4 days. with post-therapy cultures ~~ 
within 2-3 days. \ ae 
In the treatment of meningococcal carrier state 
recommended dose is 100 mg. every 12 hours for 
five days. ss 









DOSAGE AND ADMINISTRATION: INTRAVE- E 
NOUS. Note: Rapid administration is to be avoided. ‘2 
Parenteral therapy is indicated only when oral =: 
therapy is not adequate or tolerated. Oral therapy __ 4 


should be instituted as soon as possible. If intrave- 
nous therapy is given over prolonged periods of 
time. thrombophlebitis may result — $ 
ADULTS: Usual adult dose: 200 mg. followed by 
100 mg. every 12 hours and hae not exceed A 
400 mg. in 24 hours The drug st ould be initially dis- 
solvedandthen further diluted to 500-1,000cc.with 
either Sodium Chloride Injection USP, Dextrose 
Injection USP, Dextrose and Sodium Chloride In- j 
jection USP, Ringers Injection USP, or Lactated 
Ringers Injection USP but not in other solution _ 
containing calcium (a precipitate may form). P 
The reconstituted solutions are stable at room 
temperature for 24 hours without significant lossof 
potency. Any unused portions must be discarded 
after that period The final dilution for administration 
should be administered immediately. 7 a 
CHILDREN: Usual pediatric dose: 4 mg/kg fol- 
lowed by 2 mg /kg. every 12 hours. RAS. 
In pagene with renal impairment: (See Warn- 
ings. “Neat aa oe 
Total dosage should be decreased byreductionof 
recommended individual doses and/or by extend- 
ing time intervals between doses. > 


HOW SUPPLIED. Capsules — Minocycline Hydro- _ “FA 
chloride equivalent to 100 mg. Minocycline. Hard- 
shell purple and orange. Bottles of 50 and 100; Unit 
Dose 10 x 10's. Product No. 5301. me. 
Minocycline Hydrochloride equivalent to 50 mg. 
Minocycline. Hardshell orange. Bottles of 100 and — 
Unit Dose 10 x 10's. ProductNo.5300, 0 
Syrup— Minocycline Hydrochloride equivalent 
to 50 mg. Minocycline per teaspoonful (5 ce.) . 
served with propylparaben 0.10% and buy paraben 
0.06% with Alcohol USP 5% v/v. Custard-flavored in 









= 





bottles of 2 fl. oz. Product No. 5313. 
Intravenous—100 mg. vials of sterile cryode: 
cated powder. Product No. 5305. (Combined 5/7 
VA FSN 6505-003-5112A} 100mg capsules (5 
FSN 6505-003-5112 $3 > 









New Olympus intermediate length colonoscope 
CF-MB is beautiful... 
when you get to know it. 


Some people say our new CF-MB couldn't be called ‘‘pretty.” Olympus could have made it 
“prettier” but your working requirements were more important. Every request for capabilities 
made by leading doctors whom we consulted, is built into CF-MB. The benefits of one-hand 
control were asked for most. Olympus CF-MB now offers simultaneous observation and target 
biopsy. The new CF-MB with 1110mm working length and 4-way tip angulation, makes it easier 
to observe, perform cytology or biopsies and automatically photograph all areas, from the rec- 
tum, to the transverse colon with minimum patient discomfort, fast and accurately. The longer 
CF-LB is available for work beyond, to the ileum and cecum. For more information write to 
Olympus Corporation of America, Medical Instrument Division, 2 Nevada Drive, New Hyde 
Park, New York 11040. 


OLYMPUS 








The most precise diagnoses 
have the support of target 

7 iii: biopsy and a 
| clear photo record. 









Olympus CF-MB gives you both. This 
x-ray shows CF-MB in position to ob- 
serve, biopsy and photograph in mid- 
transverse colon. The photo, taken in 
color, is proof of an existing polyp 
which x-ray might have missed. 





Thrombocytopenia From 
Metastatic Carcinoma of the Breast 


Effeetive Mamagements of Patients With This Complication 


Paul H. Sugarbekee, MD; Arthur T. Skarin, MD; Richard E. Wilson, MD, Boston 


Treatment of five patients with severe 
thrombocytepenia due to ‘extensive bone 
marrow invelvemestt by metastatic breast 
carcnoma produced a successful hemato- 
logie response n ach. Sequential therapy 
with high doses of prednisone (50 to 100 
mgrday), followed by ovarian ablation prior 
to or at the time of adrenalectomy combined 
with fluorouracil, & the recommended regi- 
men. An objective response to cortico- 
steroids occurred within one month; after 
adrenalectemy, a second favorable hemato- 
logic respense was noted. Three patients 
whe had adrenalectomy combined with fluo- 
rouracil therapy haceexcellent and sustained 
remissions (greater than ten months). One 
patient who did notereceive fluorouracil had 
a shorter remissien (512 months). All pa- 
tients tolerated their high-dose cortico- 
steroids, surgery, and chemotherapy well. 


i hpna carcinoma of the 
breasz B responsive to many 
modes of therapy’; the standard ap- 
proach so this disease at the Peter 
Bent Brigham Hospital has become 
bilateral acreralectomy. In the last 
ten years 29C patients have under- 
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gone adrenalectomy, of whom 202 
have received fluorouracil in the im- 
mediate postoperative period. An ob- 
jective response rate of 58% has been 
achieved.?* A serious complication of 
metastatic breast cancer is extensive 
bone marrow involvement with se- 
vere thrombocytopenia, a feature 
which has made palliative surgery or 
chemotherapy difficult and poten- 
tially hazardous. Our most recent ex- 
perience with this problem has pro- 
duced a successful treatment plan. 
Five patients with severe throm- 
bocytopenia from metastatic breast 
cancer will be described and their 
management discussed. 


Report of Cases 


Case 1.—The condition of this patient 
was first diagnosed as unresectable carci- 
noma of the breast when she was 52 years 
of age in October 1965 (Table). Treatment 
consisted of radiation therapy to her 
breast, followed by oophorectomy. The pa- 
tient was asymptomatic for two years un- 
til July 7, 1967, when she was admitted to 
another hospital because of fatigue. A 
pathologic fracture of C-4 was found and a 
series of x-ray films revealed numerous 
metastatic bony lesions. On transfer to the 
Peter Bent Brigham Hospital, the patient 
had a hematocrit reading of 24%, a white 
blood cell count (WBC) of 4,800/cu mm, 
and a platelet count of 70,000/cu mm. Bone 
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marrow aspiration was inadequate for 
diagnosis. On July 28 the patient under- 
went bilateral adrenalectomy. Three days 
later she was noted to have large subcon- 
junctival hemorrhages; her platelet count 
was 47,000/cu mm. The latter increased to 
175,000/cu mm on the seventh postopera- 
tive day. The patient responded well both 
subjectively and objectively to her adre- 
nalectomy. Her platelet count remained 
above 150,000/cu mm for 5% months. On 
Jan 27, 1968, the patient fell, suffered 
a subdural hematoma, and died shortly 
thereafter. Her platelet count just prior to 
death was 46,000/eu mm. 

This was the first patient with 
thrombocytopenia in our series to un- 
dergo adrenalectomy. Her initial 
platelet count of 70,000/cu mm de- 
creased to 47,000/cu mm on the third 
postoperative day and she demon- 
strated a bleeding tendency. Platelet 
levels increased within seven days to 
normal and remained near 150,000/cu 
mm for 5% months; her fall was ac- 
companied by a fatal subdural hema- 
toma. Low platelet levels at that time 
reflected rapid recurrence of throm- 
bocytopenia. This patient was not 
treated with fluorouracil, owing to 
fear of further marrow depression. 
She was not treated with high doses 
of corticosteroids when her platelet 
levels decreased just prior to suffer- 
ing a subdural hematoma. The experi- 
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Fig 1.—Marrow aspirate obtained in case 
2, showing clumps of malignant cells 
(Wright-Giemsa, x 1,000). 


ence with this patient served to alter 
our management of subsequent cases. 

Case 2.—This patient underwent a right 
radical mastectomy at age 46 years in Oc- 
tober 1968; no involved lymph nodes were 
found (Table). On Sept 18, 1969, the patient 
was seen in the Peter Bent Brigham Hos- 
pital Emergency Room because of bleeding 
gums. Physical examination revealed 
nodularity on her chest wall on the right 
side due to recurrent breast carcinoma. 
Results of x-ray examination for meta- 
static bone disease and liver scan were 
normal, although an enlarged nodular liver 
was palpated. Hematocrit reading was 
26%; WBC, 3,800/cu mm; and platelet 
count, 3,000/cu mm (Table). A bone mar- 
row aspirate showed malignant cells (Fig 
1). The patient was given 25 mg of predni- 
sone twice a day. Platelets increased from 
3,000/cu mm to 12,000/cu mm over a two- 
week period. Numerous platelet transfu- 
sions were administered. No further bleed- 
ing problems were noted after prednisone 
and platelet transfusions. Medroxypro- 
gesterone acetate (Provera), 10 mg four 
times a day for ovarian suppression, was 
administered. On Oct 6, 1969, pelvic irra- 
diation was started (1,800 rads total). 
Platelet levels remained below 30,000/cu 
mm for 13 weeks until Dec 12 when they 
increased to 100,000/cu mm; shortly after 
this date prednisone dosage was reduced to 
25 mg/day. In March 1970 recurrent chest 
wall metastases were noted; adrenalec- 
tomy was performed on March 16 with a 
six-day induction course of fluorouracil, 15 
mg/kg, started postoperatively. The pa- 
tient was maintained with fluorouracil at 
15 mg/kg weekly and showed total remis- 
sion of all measurable metastatic disease. 
On Nov 5, 1970, cyclophosphamide (Cy- 


524 Arch Surg/Vol 107, Oct 1973 





350,000 


300,000 


250,000 


200,000 


E 
E 
3 
© 
on 
eo 
2 
© 
— 
K 
a 


100,000 


50,000 
40,000 
30,000 
20,000 
10,000 # 


0 50 


Prednisone 
50 mg/Day 


Radiation 
Castration 





ae Ly ia ak ey SE ee RRR ee Le 
<7 te ł ™ e a FL ` p. ` - An e . oe b ~ .* ‘ eens s i A = 
Y r P Put ? s » > , r 


Adrenalectomy 


Fluorouracil 
Therapy Started 


Prednisone 
25 mg/Day ~ 


100 


Time, Days 


Fig 2.—Response of platelet count to sequential therapy (case 2). 


toxan) therapy, 3 mg/kg, was started be- 
cause of recurrent local, chest wall disease 
and progressive bony metastases. Im- 
provement was noted initially; however, 
widespread metastatic disease developed 
within two months and she died on July 16, 
1971; her platelet level remained above 
200,000/cu mm until death (Fig 2). 


This relatively young woman with 
a one-year free interval survived 20 
months free of pain after the onset of 
combined therapy with endocrine abla- 
tion and chemotherapy. Initial ther- 
apy was directed at improving her 
platelet count. High doses of predni- 
sone, 50 mg/day, and castration 
caused her platelet count to rise from 
3,000/cu mm to 100,000/cu mm in 


13 weeks. Adrenalectomy was per- 
formed three months later because of 
advancing disease on her chest wall; 
despite this recurrence, platelet levels 
remained stable as they did with cy- 
clophosphamide chemotherapy. This 
change in therapy to adrenalectomy 
and fluorouracil was made because of 
progression of metastatic disease 
rather than for recurrence of throm- 
bocytopenia. With further recurrent 
disease, cyclophosphamide produced 
some benefit. It would be noted that 
although the patient’s bone marrow 
showed metastatic carcinoma, initial 
bone x-ray films showed no evidence 
of metastatic deposits. 

CaSE 3.—This patient underwent a right 
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Fig 3.—Resporse or platelet count to sequential therapy (case 3). 


radical mastectemya® age 64 in Sept, 1968; 
four of 13 axillary bmph nodes showed 
carcinoma (Table). S_e underwent a left, 
simpy mastectemy in 1969 for fibrocystic 
disease. The first reewrrence of tumor was 
notec on July 26, 1971, when she com- 
planed of weaknes:, fatigue, and ab- 
domiaal pain. The letter was thought to 
be secondary tə fiverticulitis. At that 
time her hematectit reading was 36%, 
WEG 16,008/cn mm and platelet count, 
18,009/cu mm. A series of x-ray films and a 
liver sean all shoves metastases; and a 
bore marrow aspirate showed tumor cells. 
She was given predaisone, 60 mg/day; over 
the next sewen we2ks platelets increased 
from 1§,00@/cu mm to 66,000/cu mm. 
Oophorectomy had ən carried out in 1947 
so that therapeutic evarian ablation was 
not sossible She uaderwent adrenalec- 
tomy on Sept E, UG, and following this 
platetet levels increased steadily to above 
100,000/eu mm on tac eighth postoperative 
day and to as tigk =s 200,000/cu mm on 
Oct 13 just ome month after operation. 
Posteperatively, a Sx day induction course 
of fiaorouraeil at a reduced dosage, 7.5 
mg/Eg, was followed by weekly ‘main- 
tenance therapy. Verticostereid replace- 
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ment was lowered to 37.5 mg of cortisone 
acetate each day because of problems with 
congestive heart failure. The patient’s con- 
dition has continued to do well with plate- 
let counts within the range of normal. In 


July 1972 the patient suffered an impacted, 


nonpathologic fracture of her right hip 
from which she recovered without compli- 
cation after simple internal fixation (Fig 
3). 

This patient demonstrated that se- 
quential therapy of high doses of cor- 
ticosteroids followed by adrenalec- 
tomy and fluorouracil therapy can 
give excellent palliation. It should be 
noted that corticosteroids alone 
caused a modest increase in the plate- 
let count and lessened the risk of 
hemorrhage, permitting adrenalec- 
tomy to be performed safely. After 
adrenalectomy and fluorouracil ther- 
apy her platelet count rose rapidly to 
normal levels where it has remained. 
It is now more than one year after 
onset of therapy and the patient has 
no external evidence of disease. 

Case 4.—This patient underwent a radi- 
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Fig 4.—Marrow biopsy obtained in case 4, 
showing fibrous replacement of marrow; 
cells highly suspicious of malignancy (ar- 
row) (hematoxylin-eosin, x 450). 


cal mastectomy at age 44 years in 1956; one 
of five nodes was positive for carcinoma 
(Table). Fifteen years later, on Nov 26, 
1971, the patient was referred to the Peter 
Bent Brigham Hospital because a routine 
blood cell count revealed a hematoerit 


reading of 28%. White blood cell count was — 


10,200/eu mm and platelet count was 
5,000/cu mm. The patient had a markedly 
enlarged spleen; a bone survey showed dif- 
fuse radiolucencies, especially in the long 
bones, but a bone scan was normal. Two 
bone marrow biopsies showed fibrous re- 
placement of the marrow, and a diagnosis 
of myelofibrosis with myeloid metaplasia 
was made. However, on review of the bone 
marrow slides a diagnosis of metastatic 
carcinoma was made (Fig 4). The patient 
was given prednisone, 60 mg/day, and 
within two weeks platelet levels increased 
from 5,000/cu mm to 200,000/cu mm. On 
Feb 2, 1972, she underwent adrenalectomy 
and oophorectomy with induction and 
maintenance of fluorouracil therapy post- 
operatively. It was decided to proceed with 
definitive ablative surgery in this patient, 
owing to intolerable side effects from pred- 
nisone therapy despite dosage reduction. 
At the time of surgery an enlarged spleen 
with multiple tumor nodules was noted. 
The patient is presently receiving fluo- 
rouracil and platelet counts remain above 
250,000/cu mm. She has continued to do 
well without pain. Her spleen is no longer 
palpable. 


This patient demonstrated how 
metastatic breast cancer can appear 
with findings similar to myelofibrosis 
with myeloid metaplasia. Of great in- 
terest was a 15-year free interval, 
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Metastatic 
Disease 
Patient Noted at Age 


1 54 


Free 
Interval 


(Stage 111) 


47 | 11 mo 


35 mo 


0 
(Stage IV) 


Symptoms 
Subconjunctival 


Bleeding Gums 


Fatigue 


Fatigue 28 


Weakness 22 


Hematocrit (%), 
Leukocytes (cu mm) 
Platelets (cu mm) 


Hemorrhages 


Prednisone and 
radiation castration, 


Therapyt 
+ Time for Response 


Adrenalectomy, 
only 4 days 


Course 
Died, 6 mo 


Adrenalectomy, 27 weeks 
died, 20 mo 


13 weeks 


18,000 


Prednisone, 
adrenalectomy 
and fluorouracil, 


No recurrence, 14 mo 


8 weeks 


10,200 
5,000 


4,100 
1,000 


Prednisone, 
11 days 


Methyiprednisolone 
with fluorouracil, 
3 weeks 


Adrenalectomy + 
oophorectomy, 9 weeks 
no recurrence, 11 mo 


No recurrence, 10%mo | 





* Note that therapy and time required to achieve platelet count of 100,000/cu mm or greater varies markedly. 
t Therapy to achieve platelet count of 100,000/cu mm. 


tending to distract from a diagnosis 
of recurrent breast disease. In addi- 
tion, a greatly enlarged spleen sug- 
gested myeloid metaplasia, but mul- 
tiple splenic tumor nodules were 
noted at the time of adrenalectomy. 
Prednisone therapy resulted in return 
of platelet levels to normal, although 
splenomegaly persisted until several 
weeks after surgery. It is interesting 
that the patient’s bone scan, per- 
formed with "F, appeared normal de- 
spite extensive carcinoma found in 
both the marrow biopsy specimen and 
her 12th ribs, removed at the time of 
adrenalectomy. 

CasE 5.—This patient was first seen in 
January 1971 at age 52 years with stage IV 
carcinoma of the right breast (Table). The 
tumor extended en curasse over the entire 
right side of the chest; hepatomegaly was 
present and x-ray films showed metastases 
in all bones visualized. On admission the 
hematocrit reading was 22%; WBC, 4,100/ 
cu mm; and platelet count, 90,000/cu mm. 
Three days after hospital admission a 
duodenal ulcer perforated through exten- 
sive intra-abdominal metastases; she un- 
derwent a subtotal gastrectomy. Platelet 
count on the day following surgery was 
1,000/cu mm. She was treated with mul- 
tiple platelet transfusions and methyl- 
prednisolone, 20 mg given intravenously 
twice a day; this was increased to 40 mg 
given twice a day after two days, and 
chemotherapy with fluorouracil (7.5 mg/ 
kg/day) was started. On Jan 18, 1972, 
prednisone (25 mg) was given orally twice 
a day, and the fluorouracil dosage was in- 
creased to 10 mg/kg. On Feb 1, just one 
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month after the initiation of corticosteroid 
therapy, the platelet level had increased to 
129,000/cu mm. The patient is new being 
maintained with prednisone, 10 mg/day, 
and fluorouracil, 10 mg/kg, given orally ev- 
ery week. Her chest wall disease has un- 
dergone a marked remission without local 
therapy and she has gained 5 kg. 

This is the only patient in whom 
fluorouracil was given simultaneously 
with high doses of corticosteroids. 
The patient was extremely debili- 
tated and had undergone major sur- 
gery; it was felt that a maximal 
response was needed as soon as pos- 
sible. The patient has good control of 
her disease with corticostercids and 
fluorouracil; she is a potential candi- 
date for adrenalectomy, but it will 
not be done until her disease reac- 
tivates or thrombocytopenia develops. 


Comment 


The clinical diagnosis of throm- 
bocytopenia secondary to carcinoma 
of the breast may not be obvious. 
About one fourth of patients with 
metastatic carcinoma to the bone 
marrow will have normal peripheral 
blood smears, while anemia occurs in 
71% and leukopenia in 4%.‘ All but 
one of these patients had anemia 
while one out of five had leukopenia. 
Thrombocytopenia due to metastatic 
carcinoma in the bone marrow has 
been reported infrequently, yet in 
clinical practice it may be common. 
Despite severe thrombocytopenia, 


bleeding manifestations were only 
noted in two patients (cases 1 and 2). 
It is imperative that platelet counts 
be obtained on all patients during 
evaluation of breast caneer, since 
thrombocytopenia may be the only 
clue to disseminated marrow metas- 
tases. Normal skeletal x-ray films 
(case 2) or ‘SF bone scans (ease 4) do 
not rule out intramedullary marrow 
metastases. The latter can be con- 
firmed by examination of bone mar- 
row aspirates, even if only a few 
drops of specimen are obtained. The 
presence of characteristic clumps of 
malignant cells is diagnostic. In some 
cases, however, marrow biopsy may 
be required if reactive marrow fibro- 
sis is present (case 4). Careful exami- 
nation of the biopsy specimen must 
be made in order to rule out primary 
myelofibrosis, which may have identi- 
cal clinical and hematologic findings. 

Response to adrenalectomy in pa- 
tients with metastatic breast cancer 
usually correlates well with the 
length of disease-free interval.*? In 
these five patients the free interval 
varied considerably; two patients 
(cases 1 and 5) had no free interval, 
while cases 2 through 4 had intervals 
free of disease of 11 months, 35 
months, and 15 years, respectively. 
All five patients, despite their vari- 
able free interval, had a good re- 
sponse to therapy. In case 1 the re- 
sponse lasted only 5% months; this 
may have been related not only to 
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the short ree rterval but also to 
our initial reluctence to administer 
fluorcuracil High-dose corticosteroid 
therapy miht ieve been beneficial 
when the platelet levels decreased 
just prior te the pat.ent’s head injury 
and subdural he natoma. 

All four .dreca-eetomized patients 
had hematelogic -ezovery; combined 
therapy with fiwrouracil was used in 
three of these waren with a longer 
response than in tne single patient 
who had adrenelectomy alone. Only 
this ene petient who was not main- 
tained witi fluoreuracil had a recur- 
rence of th-ombocy*openia. In case 2, 


despite massive neeurrence of meta- 
statie disease, there was no decline of 
platelet levels even ~ 3 death from — 


metastases oceucre 
High-do= aay iY therapy 
may produze a yerable response. In 


case 2 it caused a modest i increase in 


platedets (38,00C/-u mm to 66 ,000/cu 


mm): however, in case 4 corticosteroid — 
therapy alone in<reased platelets to 


normal levels. £ -limical picture very 


similar to that o myelofibrosis with — 
agnogenic my=Gd metaplasia was 
seen in thts case. Platelet response 

following Ligh-dcse prednisone ther- 
apy may t= due <o many factors in- - 


cluding a specific antitumor effect, a 
nonspecific marrow effect, or a non- 
specific deereasinz hypersplenism. In 
our experience £ combination of high- 


dose prednisone and ablative endo- — 
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crine therapy with fluorouracil gave 
superior results to corticosteroid ther- 
apy alone or adrenalectomy alone. 

It is possible that the destruction of 


tumor cells in the marrow by the com- 


bination of adrenalectomy and fluo- 
rouracil may be necessary before re- 
turn of adequate marrow function. 
Fluorouracil therapy should not be 
withheld because of thrombocyto- 
penia; rather, it may be the second 
agent that should be used in sequen- 
tial therapy after high doses of corti- 
costeroids in treating thrombocyto- 
penia secondary to metastatic breast 


cancer. Patient 5, presently being 
treated with prednisone and main- 
tenance fluorouracil, has had an ob- 
jective remission. Adrenalectomy will | 


be performed in this patient only if 


her local or Pyne: Seip reac- 
-_tivates. i 


Three of ches patients tad. a , brief 


but pronounced decline in their plate- 


let counts in the immediate postoper- 


ative period. Patient 1 had a reduc- 
tion in platelets from 70 ,000/cu mm 
to 47,000/cu mm after adrenalectomy . 


and had evidence of | spontaneous 


bleeding. Platelet levels in patient 2 
decreased from 66 000/cu mm to 


23,000/cu mm but they recovered by 


the eighth day after adrenalectomy. 

In patient 5 the platelet count fell 
= from 90,000/cu mm to 1,000/cu mm. 
None of these women had serious 
complications from thrombocytopenia 


disseminated mamma 
_ Gynecol Obstet 115:215- 


that developed postoperatively, but 
this was a potentially serious situ- 
ation that required platelet trans- 
fusion. In all three patients this 
postoperative thrombocytopenia was 
followed by elevation of the platelet 
count to normal or high levels. 


This investigation was supported in part by 
Public Health Service research grant C-6516, and 
the Peter Bent Brigham Hospital Breast Cancer 
Research Fund. 


Nonproprietary Name and 
Trademarks of Drug 


- Fluorouracil—Efudex, Fluoroplez. 
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1. Artists conception of cutaway view of gallbladder «ontain- 
ing stones which, by causing irritation of the organ’s interior 
wall and restricting biliary iow. may play a role in the re- 
peated =pisodes of inflammation and infection assaciated 
with chronic cholecystitis. 

2. Artist's conception of microscopic section of gallbladder 
wall shewing chronic state with superimposition of inflam- 
mation,edema and necrosis due to an acute episode. 


A unique view of the gallbladder, from the inside looking out, 
kass Me war af atruna tery Lifo a lactic mad | 
| 








Vibramycin (doxycycline) 
penetrates gallbladder tissue to 
reach susceptible pathogens 
Vibramycin can be useful in 
cholecystitis because it provides a wide 
antibacterial spectrum and therapeutic 


tissue concentrations: Vibramycin 
is active against susceptible'strains 








| Concentrations of oral Vibramycin in gallbladder tissue | of bacteria 

















200 mg. PO. stat and 100 tg, PO. once daily until surgery? INCluding Escherichia 
ramet f ser oon Sec ae coli and Entero- 
1 80: bacter aerogenes 
: ae (formerly Aerobacter 
LRN See 1.3. aerogenes). 








|. Because not all strains of pathogens are susceptible, it is recommended 
that routine culture and susceptibility tests be performed. 

2. Fabre, J. et al.: Schweiz. Med. Wochenschr. 97:915, May 17, 1967. 

3. Concentration in the bile taken simultaneously: 24.2 mcg./ml. 


Vibramycın IV. 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid 
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See Brief Summary on following page for information on side effects and contraindications. 
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Important facts about 
Vibramycin (doxycycline) 


= can maintain therapeutic blood 
levels with a single daily infusion 


= can be used without complexities 
of dosage alteration in patients with 
impaired renal function 


= does not significantly elevate BUN 
in patients with renal insufficiency 


# virtually the same broad range 
of indications when switching from 
I.V. to oral form 


“Because not all strains of pathogens are susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


Vibramycin® Hyclate (doxycycline hyclate) and 

Vibramycin” 1.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracyclines. 

Warnings: Use of tetracyclines during the last half of pregnancy, infancy and childhood to 
the age of 8 years may cause permanent discoloration of developing teeth. This is more 
common during long-term use of the tetracyclines but has been observed following repeated 
short-term courses. Enamel hypoplasia has also been reported. Thus, tetracyclines should 
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contraindicated. Individuals receiving tetracycline antibiotics should be advised that direct 
sunlight or ultraviolet light can cause photosensitivity reactions. If these reactions 
(exaggerated sunburn) occur, discontinue therapy. Doxycycline forms a stable calcium 
complex in any bone-forming tissue. Fibula growth has been decreased in prematures given 
oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 

was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. Studies to date 
indicate that this does not occur to a significant degree with the use of Vibramycin in 
patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It should not be used 
in pregnant women unless, in the judgment of the physician, it is essential for the welfare of 
the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in fetal tissues and 
can have toxic effects on the developing fetus. Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recommended because 
safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking a drug in this class. 





Precautions: Overgrowth of nonsusceptible organisms may occur, including fungi. If such 
superinfections are encountered, discontinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark-field examination should 
be done before initiating therapy. Conduct monthly serological tests forat least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on anticoagulant 
therapy may require downward adjustment of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ systems, including 
hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 

Avoid giving doxycycline with penicillin because of possible interference with penicillin 
activity. 

Antacids containing aluminum, calcium, or magnesium impair absorption and should not 
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Celular Immune Competence 
of Breast Cancer Patients 
Receiving Radiotherapy 


A. Benedict Casimi, MP, Boston; Frank H. Brunstetter, MD; 
William T. Kemmere>, MD; Beverly N. Miller, RN, San Antonio, Tex 


The immune competence of 16 breast can- 
cer patients treated wittrradical mastectomy 
was evaluated by lymphocyte counts, de- 
layed hypersensitivity sen tests, and in vitro 
response of bod lympnocytes to phytohe- 
maggliutinin. Tweive patients who received 
postoperative irradiation were evaluated be- 
fore and immediately after therapy. Four 
nonirradiated patients were studied during 
similar time intervals “he apparent degree 
of immunosupgpression produced in the lo- 
cally fradiated patienss was surprisingly 
marked. Postmastectomy patients not re- 
ceiving radiotherapy die not show these im- 
munological defects during similar observa- 
tion periods. lt is postulated that this 
disruption of the bialogic balance between 
host and tumor could be a relevant factor in 
the prognosis.o* the cancer patient. 


ammary cane" is the most fre- 
quent malignant disease that 
occurs in Americar women, with an 
estimated incidence of one woman in 
19 developing it et some time during 
her | fe.' For three quarters of a cen- 
tury. radical mastectomy has been 
the primary method of treatment for 
this malignancy. Jewever, the overall 
surv-val rate has remained disturb- 
ingly unchanged curing this period 
despite many technical advances and 
contmuing efforts toward earlier 
diagnosis and trea.ment. 

Because of the discouraging cure 
rate of breast cer-inoma treated by 
surgery alone, a namber of adjuncts 
to surgery have >een used for initial 
therapy in more ~eent trials.? Radia- 
tion to the operative area and re- 
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gional lymph nodes is advocated on 
the theory that this modality can 
eradicate tumor foci deep to the sur- 
gical dissection as well as in regional 
lymphatics. With the use of radio- 
therapy combined with surgery for 
initial treatment of breast cancer, 
some authors have noted improved re- 
sults’; but others have suggested that 
the radiotherapy may actually be 
harmful.* 

In a prospective study of patients 
with breast cancer treated either 
with mastectomy alone or mastec- 
tomy plus irradiation, the National 
Surgical Adjuvant Breast Project 
found no discernible advantage to the 
irradiated patients in terms of five- 
year survival or the number free of 
disease at five years.’ While its use 
did decrease regional recurrences, 
there was a significantly higher pro- 
portion of patients with distant me- 
tastases (as first reported evidence 
of disease) in the irradiated group 
(40.0% at five years) than in controls 
(32.38% at five years). This observation 
raises speculation concerning the pos- 
sibility that local irradiation might 
have a deleterious systemic effect. 

Local radiotherapy might result in 
an earlier appearance of distant me- 
tastases if it causes an impairment of 
the immune competence of the host. 
The importance of this competence in 
cancer patients was suggested by 
Burnet’s® postulate that immunologic 
mechanisms participate in the de- 
struction of tumor cells. Since then, 
the cellular immune response, as op- 
posed to the humoral (antibody) re- 
sponse, has been established as play- 
ing the major role in destruction of 
experimentally induced tumors. This 
has led to the concept, although still 
unproved in man, that cellular sur- 
veillance is a major function of the 


lymphoreticular system—recognizing 
and destroying aberrant or poten- 
tially tumorigenic cells. Evidence for 
the validity of such a concept has 
been derived from observations that 
under multiple circumstances in 
which cell-mediated immunity is de- 
fective, surveillance appears to break 
down—permitting either spontaneous 
appearance of tumors or unchecked 
growth of tumor cells already pres- 
ent. Thus, many investigators now 
conclude that depression of a tumor- 
bearing host’s cellular immune re- 
sponsiveness probably decreases his 
ability to cope with his neoplasm.’ 

The present studies were under- 
taken to determine whether measur- 
able suppression of cellular immune 
capabilities is produced during the 
limited period of local radiotherapy 
commonly administered to postmas- 
tectomy patients. 


Methods 


Twelve women, all with Columbia clinic 
classification stage A breast cancer, were 
referred from world-wide air force instal- 
lations for postmastectomy radiotherapy 
during the study period. These patients 
had undergone standard radical mastec- 
tomy two to six weeks prior to referral. 
The decision to administer radiotherapy 
was based on the personal convictions of 
the referring physician, often, but not al- 
ways, because of microscopic foci of tumor 
in the axillary nodes. 

A standard protocol of therapy was de- 
livered from a source of cobalt 60 (Cobium) 
over an approximate four-week period, 
during which the patients received no 
transfusions and no chemotherapy or other 
immunosuppressive agents. The irradiated 
portals always included the ipsilateral in- 
ternal mammary, supraclavicular, and in- 
fraclavicular high axillary nodes. Some pa- 
tients also received irradiation directed to 
the chest wall, if the tumor had invaded 
pectoral muscle or if there were extensive 
nodal metastases. The total given dose (ra- 
diation dosage 5 mm below skin) to the pe- 
ripheral lymphatics was generally 5,000 
rads. Five patients, because of tumor type 
or percentage of positive axillary nodes, 
had, in the opinion of the attending ra- 
diotherapist, an increased possibility of 
abnormal internal mammary nodes and 
therefore received 5,625 rads (Table 1). 

Four patients—comparable in age, tumor 
type, and nodal status—who underwent 
mastectomy without postoperative radio- 
therapy were similarly studied over an 
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identical period of time relative to surgery. 
This was accomplished to exclude any de- 
pression in immune competence that might 
occur spontaneously at this time in the 
postmastectomy course secondary to the 
surgical manipulation or recuperative pro- 
cesses. 

The following factors were chosen as re- 
liable indices of cellular immune compe- 
tence.*-1° 

Delayed Hypersensitivity Skin Tests.—An- 
tigens used prior to the start of radio- 
therapy included: tuberculin purified pro- 
tein derivative (5 US tuberculin units/0.1 
ml), coccidioidin (1:100 concentration di- 
luted to 1:1,000), histoplasmin (National In- 
stitutes of Health reference equivalent), 
trichophyton (1:10 W/V diluted to 1:500), 
Candida albicans (1:10 W/V diluted to 
1:500), and mumps skin test antigen (20 
complement-fixing units/ml). Each anti- 
gen in a 0.l-ml volume was injected in- 
tradermally on the flexor surface of the 
forearm contralateral to the side of mas- 
tectomy. Reactions were read at 20 min- 
utes, 24 hours, 48 hours, and 72 hours and 
recorded as millimeters of induration and 
erythema. Following completion of the ra- 
diotherapy, all previously positive (indura- 
tion of 25 sq mm or greater) skin tests 
were repeated. 


White Blood Cell Count and Lymphocyte 
Count.—These were evaluated prior to irra- 
diation and then weekly as treatment pro- 
gressed. 


Lymphocyte Response to Phytohemaggluti- 
nin (PHA).—Seventy-two-hour tissue cul- 
tures of peripheral lymphocytes were eval- 
uated for DNA synthesis according to the 
protocol of Claman and Brunstetter" with 
three modifications: 0.5 x 10.0° lymphocytes 
per tube were used instead of 1.0 10.0°; 
20% heat-inactivated human serum was 
used in place of fetal calf serum; and three 
dilutions (0.1 ml of 1:1, 1:10, and 1:25 of the 
stock solution) were tested in each culture, 
A terminal three-hour pulse of tritiated 
thymidine, a DNA precursor, was used to 
evaluate the stimulatory response of the 
lymphoid cells from the 69th to the 72nd 
hour of tissue culture. Variations due to 
quenching were corrected by translation of 
counts per minute to disintegrations per 
minute (dpm) through use of the automatic 
external standardization capability on the 
tri-carbon liquid scintillation spectrometer. 
Tissue cultures were made on all patients 
prior to the start of radiotherapy and 
again at the end of treatment. In some pa- 
tients, cultures were also made at the mid- 
point of therapy. 


Results 
Delayed Hypersensitivity Skin 
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Table 1.—Pathological and Radiotherapeutic Data From 
Postmastectomy Patients 
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Patient Age, Histological Abnormal Dose, 
No. yr Findings Nodes Radiation Ports Rads Status, Fellow-Up 
Experimental group 
1 48 infiltrating 0 Internal mammary 5,000 Well, 22 mo 
ductal Supraclavicular 
2 45 infiltrating 12/26 Internal mammary 5,625 Died with 
ductal Supraclavicular 5,000 extensive 
Chest wall 5,000 metastases, 
14 mo 
3 29 infiltrating 2/27 Internal mammary 5,000 Died with 
ductal Supraclavicular extensive 
metastases, 
5 mo 
4 53 Infiltrating 2/13 Internal mammary 5,000 Well, 16 mo 
ductal Supraclavicular 
5 31 Infiltrating 1/15 Internal mammary 5,000 Well, 17 mo 
ductal Supraclavicular 
6 38 infiltrating 1/8 Internal mammary 5,625 Well, 17 mo 
ductal Supraclavicular 5,000 
Chest wall 5,000 
7 43 Infiltrating 2/9 Internal mammary 5,175 Well, 3 mo 
ductal Supraclavicular 5,000 
Chest wall 5,000 
8 45 infiltrating 2/29 Internal mammary 5,000 Well, 1 mo 
ductal Supraclavicular 
9 52 infiltrating 0 Internal mammary 5,625 Well, 1 mo 
ductal Supraclavicular 5,009 
Comedo Chest wall 5,009 
carcinoma 
10 61 Infiltrating 1/12 Internal mammary 5,625 Well, 3 mo 
ductal Supraclavicular 5,009 
Chest wall 5,009 
11 62 Infiltrating 9/9 Internal mammary 5,625 Well, 6 mo 
ductal Supraclavicular 5,000 
Chest wall 5,000 
12 49 infiltrating 3/11 Internal mammary 5,000 Well, 4 mo 
ductal Supraclavicular 
Control group 
1 42 Infiltrating 2/25 None Well, 6 mo 
ductal 
2 55 infiltrating 0 None Well, 3 mo 
ductal 
3 44 infiltrating 18) None Well, 1 mo 
ductal 
4 57 Infiltrating 1/8 None Well, 6 mo 





Tests.—The maximum area of indura- 
tion produced by the skin test anti- 
gens in 12 postmastectomy patients 
before and after local radiotherapy is 
depicted in Table 2. A total of 48 skin 
tests were administered to these pa- 
tients prior to local radiotherapy with 
21 of the tests showing positive re- 
sults. Following the four-week ra- 
diotherapy course, nine previously 
positive reactions were abrogated 
completely, and six others were 
markedly reduced. The other six re- 
mained essentially unchanged or 
were sligatly more reactive following 


_ the irradiation. 


In contrast, of I8 administered skin 
tests, there were seven positive reac- 
tions in the postmastectomy patients 
who were not scheduled to receive ra- 
diotherapy. Six of these reactions 
were either unchanged or larger fol- 
lowing rechallenge four weeks later. 
A single positive Candida reaction in 
this control group showed a moderate 
decrease from 100 sq mm to 60 sq mm 
following the four-week observation 
period. 

Lymphocyte Count.—The Figure illus- 
trates the range and mean lympho- 
cyte counts in the postmastectomy 
patients studied. The 16 initial lym- 
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phocyte counts (four weeks after sur- 
gery and before any radiotherapy) 
in general were within the usually 
accepted normal range 1,500 to 
3,000/ecu mm).= 

The patients who had undergone 
radical mastecsomy and then received 
no radiotherapy revealed a moderate 
rise in their |ymrhocyte counts dur- 
ing the observetien period, with the 
mean count rising from 2,2&5/cu mm 
to 3,370/cu mm In contrast, following 
two weeks of -adietherapy, the lym- 
phocyze counts in 11 of 12 patients 
were below 1,200-eu mm; end after 
the full course «f terapy, all patients 
had lympheeyse munts below this 
level. The meaa lymphocyte count in 
the 12 patients reeeiving local radio- 
therapy was reduced from 2,275/cu 
mm te 602/eu nır during this four- 
week period. 

Phyrohemagghitiration Response.— 
Since stimulatien ef peripheral blood 
lymphocytes was maxima! with the 
use of a 1:10 diletiom of the stock solu- 
tions cf PHA, al! results are reported 
with this dilution. Phytohemaggluti- 
nin st mulation is obtained by sub- 
tracting disintegreétions per minute 
in selme tubes fram dpm in PHA 
tubes. The initāl value (before irra- 
diatior for the -ad therapy patients 
or four weeks =fte@ mastectomy for 
the controls) is comsidered the base 
line response of 100%. The difference 
between this vale and the final study 
(postirradiation er tour weeks later) 
is expressed as the percentage in- 
crease or decrease from the base line 
(Table 3). Of the 12 experimental pa- 
tients tradical mastectomy plus local 
irradiazion), five stowed a marked 
(greater tham 55% decreas2), five 
showed moderate (22% to 55%) de- 
crease, and twe sowed either no 
change or slight incmease in response 
to PHA. The mean decrease of PHA 
stimu.ation was 30.69% (SE = 10.92). 
This is highly Signmficant by t test 
(P<.091). The four control patients 
(radical mastectemy but no irradia- 
tion) snowed ethe increased re- 
sponse or essenfially unchanged re- 
sponse to PHA Ir one irradiated 
patient available fc longer follow- 
up (No. 7), there was a 67% decrease 
immeciately follewizg radiotherapy. 
Two su dsequent studies at monthly 
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Grade of Reaction 
4+ (2200 sq mm induration) 
3+ (100-200 sq mm induration) 
2+ (50-100 sq mm induration) 
1+ (25-50 sq mm induration) 
Negative (<25 sq mm induration) 






Patient Before 
No. Treatmentt . 
Experimental (mastectomy 
plus irradiation) 

















1 598,757 
2 949,404 
3 382,819 
4 152,201 
5 358,397 
6 184,414 
7 1,266,060 
8 301,788 
9 333,897 
10 259,696 
11 157,915 
12 90,538 
Control (mastectomy, 
no irradiation) 
1 396,144 
2 545,655 
3 411,864 


365,144 








Table 2.—Maximum Response to Delayed Hypersensitivity Skin Test Antigens 


Exhibited by Postmastectomy Patients 


No. of Positive Responses to 
Reactions Observed Same Antigens 
Before Irradiation After Irradiation 
4 0 





Table 3.—Interval Change of Lymphocyte Response to PHA” 


PHA Stimulation, dpm 


7 
5 
5 


After Percent 

Treatment} Change§ 
16,412 —97.3 
105,150 —88.9 
6,990 —98.9 
101,782 ~~ 33:1 
365,559 +2.0 
142,674 —22.6 
421,609 —66.7 
99,788 —67.2 
408,153 +22.2 
119,352 —54.0 
69,194 —56.2 
49,632 —45.2 
723,009 +82.5 
557,298 +2.1 
387,365 —6.0 

364,779 


* Abbreviations: PHA indicates phytohemagglutinin; dpm, disintegrations per minute. 
t Approximately two to four weeks after surgery; before radiotherapy for experimental 


patients; no treatment for control patients. 


ł Approximately four to five weeks after base line study; immediately following radio- 
therapy for experimental patients; no treatment for control patients. 


PHA before — PHA after 


§ Percent change: 
PHA before 


intervals have continued to show 65% 
and 69% decreases in PHA stimula- 
tion. 


Comment 


Relationships between immuno- 
logic responsiveness and the develop- 
ment and course of tumors in man 
have recently become subjects of in- 
creasing interest. The importance of 
the host’s capability to react against 
tumor-specific antigens is emphasized 
by the experimental observation that 
procedures that impair this response, 
such as neonatal thymectomy, chemo- 
therapeutic drugs, or antilymphocyte 
serum, favor the emergence and pro- 


x 100. 


gression of tumors.'*'* In the clinical 
situation, further evidence is ob- 
tained from observations of immuno- 
suppressed transplant patients where 
the incidence of spontaneous develop- 
ment of neoplasms is approximately 
100 times greater than seen in a com- 
parable normal population. 
Considering these observations, 
any manipulation of patients with tu- 
mors that results in immunosup- 
pression, even if temporary, should be 
viewed with concern by the cancer 
therapist. That this might occur in 
patients with breast tumors receiving 
local radiotherapy has been suggested 
by the marked and prolonged lympho- 
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Midtreatment 


Posttreatment 


Four Weeks ~#— Two Weeks —— —#— Two Weeks ————a 


Time After Surgery 
Lymphocyte counts (range and mean) of irradiated or nonirradiated postmastectomy 


patients. 


penia that develops in many of these 
patients.'* This is not a totally unsus- 
pected finding in view of the unique 
sensitivity of the lymphocyte to ioniz- 
ing radiation. McCredie et al,'* how- 
ever, studied DNA synthesis in lym- 
phocytes of patients who had received 
local radiotherapy and observed an 
increased synthesis despite persistent 
lymphopenia. He concluded that the 
cell-mediated immune response to 
cancer was unlikely to be impaired by 
local radiotherapy. Gross et al'® eval- 


uated the effect of irradiation upon 


cell-mediated immunity by deter- 
mining the response to dinitrochlor- 
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benzene in patients before and after 
cobalt 60 therapy. He found that 
there was no adverse effect on this 
immune response at three months or 
nine months after irradiation in 85% 
of the patients. Neither of these stud- 
ies, however, evaluated the immune 
response of patients during or imme- 
diate.y after radiotherapy. 

Stjernswird et al,*’ in contrast, 
have observed a statistically signifi- 
cant decrease of T-lymphocytes in pa- 
tients after irradiation for mammary 
carcinoma, as well as a decreased re- 
sponse to PHA stimulation in 15 of 19 
patients tested. 


X 
i # ¥ wy 


s Aa . 


In the present study, we observed 
that conventionally administered lo- 
cal radiotherapy in postmastectomy 
patients resulted in a decrease in the 
lymphocyte count by as much as 80% 
together with comparable impair- 
ment in lymphocyte function as mea- 
sured by in vitro ability to synthesize 
DNA. Furthermore, 15 of 21 delayed 
hypersensitivity reactions (DHR) 
that were positive in our patients 
prior to radiotherapy were either ab- 
rogated or markedly decreased imme- 
diately after the course of irradiation. 

The present results, therefore, 
show that patients receiving radio- 
therapy even limited to a small area 
of body surface, are subject not only 
to a decrease in absolute numbers of 
blood lymphocytes, but, probably 
more importantly, to a depression in 
the capacity of the remaining lym- 
phocyte population to respond in vitro 
to the mitogen PHA or to exhibit sen- 
sitivity in vivo in previously positive 
delayed hypersensitivity reactions. 
Both of these activities are consid- 
ered functions of the thymus-depen- 
dent lymphocyte essential for cellular 
immunity. If the host’s capacity to 
contain or destroy residual tumor 
cells after surgery is mediated by 
these lymphocytes, as is the rejection 
of tissue transplants, then this 
marked depression of response during 
and immediately following irradia- 
tion may be of particular signifi- 
cance. 

The rapid onset of the lymphopenia 
in irradiated patients following the 
introduction of therapy is generally 
explained as a result of destruction 
of lymphocytes as they traverse the 
field of irradiation through the great 
vessels. Considering the severity of 
the lymphopenia and the limited 
numbers that would have been irra- 
diated, this does not seem to be a 
completely adequate explanation. As 
noted by Stjernsward et al,’ the ef- 
fects of irradiating the adult thymus 
must also be considered since it is in 
the field of therapy. Similarly, a con- 
siderable volume of the active, adult 
bone marrow falls into the treated 
area. 

The mechanism whereby the func- 
tion of the surviving lymphocytes is 
impaired is even less clear. It could be 
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explained as a selective depletion of 
the thymus-dependent cells with an 
enharced survival af those lympho- 
cytes net normally responsive to PHA 
or DHR antigens. Thus, the results 
after radiotherapy would reflect a re- 
duced fraction of the PHA-sensitive 
cells im the lymphecyte populations 
studied 

Anctaer explanation of the de- 
pressed lymphocyte response post- 
radiotherapy might be the persist- 
ence of cells nermally sensitive to 
PHA or DHE aatigens but having 
sufferec sublethel yet functionally 
substantial irradiatien damage. This 
explaration is supported by the per- 
sistenee in the blood of lymphocytes 
with wradiatior-induced chromo- 
somal aderrat-ons™ 

Whetever the mechanism for its 
development, these patients exhibit 
sufficient evidence of depressed cellu- 
lar immanity, at least during and im- 
mediately after radietherapy, to war- 
rant reeognition of this side effect 
when ecnsidering this form of ther- 
apy. 

The current estimate that as many 
as 70% of patients with breast tumors 
may have systemic disease at the 
time cf initial therapy emphasizes 
that any degree ef mmunosuppres- 
sion at this biologically late stage of 
the disease ceuld represent an ad- 
verse factor ir the balance between 
host and neoplasm—rendering the 
host less able to contain occult tumor 
foci already presemt outside the 
treated areas. 

Because of tae worid-wide referral 
source of the patients in this study, it 
was impractical te evaluate repeat- 
edly their immun2 competence fol- 
lowing Cischarge ‘rom this facility. 
One loed patient, however, demon- 
strated persistent lymphopenia and 
decreased lympheeyte response to 
PHA in tissue cu tuxe in follow-up 


Doctor Səsimi and his colleagues have 
presented persuasive evieience for the im- 
munosuppressive effeets ef radiation ther- 
apy in pacients treated for carcinoma of 
the breast The imfermation is valuable, 


but it does not make the case for surgical - 


management any strenger because oper- 
ations result in s-miler effects on cellular 
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studies over a two-month period. 
Other investigators have reported 
persistent lymphopenia in patients 
receiving local radiotherapy for as 
long as ten years after treatment,'*:” 
suggesting that the immediate im- 
munosuppression we have observed 
may persist for more prolonged peri- 
ods. Further investigation of the du- 
ration of this immunosuppression is 
indicated; however, we postulate that 
even the 30-day period of depressed 
immune responsiveness already dem- 
onstrated may be deleterious to these 
patients. 

This initial study does not attempt 
to correlate the degree of immuno- 
suppression observed with the prog- 
nosis of the patients. This will be 
established only after long-term 
evaluation of similarly studied pa- 
tients. However, we have documented 
that local radiotherapy results in sub- 
stantial immediate immunosuppres- 
sion that could have a deleterious ef- 
fect on patients with tumor outside 
the field of treatment since the 
decreased immunocompetence might 
permit more rapid growth of those 
foci. . 
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but the data suggest that proliferation of 
viable, blood-borne, tumor cells may ensue 
from ablated immunologic reactivity re- 
sulting from operation or radiation ther- 
apy. 
JEROME J. DeECossE, MD 
Milwaukee 
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Intra-abdominal Hemangiopericytoma 


Report of Four Cases and Review of the Literature 


Sheldon C. Binder, MD; Hubert J. Wolfe, MD; Ralph A. Deterling, Jr., MD, Boston 


Four cases of intra-abdominal extrauterine 
extragastric hemangiopericytomas are pre- 
sented and the English literature reviewed. 
Two of these cases occurred as retroperito- 
neal tumors originating from the duodenum. 
Both were resected en bloc. Neither case re- 
curred locally, but both metastasized sys- 
temically. One patient with an intramural 
hemangiopericytoma of the ileum has sur- 
vived 442 years free of disease after radical 
local resection. A patient with a retropubic, 
retroperitoneal neoplasm developed local re- 
currence and bone invasion after inadequate 
primary resection. He obtained a temporary 
objective response to irradiation. The intra- 
abdominal hemangiopericytoma is demon- 
strated to be a highly aggressive soft-tissue 
tumor with great propensity for pursuing a 
malignant biological course. The recom- 
mended therapy is initial radical surgical re- 
section, which in this series involved two ex- 
tended radical pancreaticoduodenectomies. 


he hemangiopericytoma, first de- 
scribed by Stout and Murray in 
1942,' is a vascular tumor of pericyte 
origin that may occur anywhere capil- 
laries are found. Most of these tumors 
have occurred in the musculature of 
the lower extremity and in subcuta- 
neous tissue sites’; but they have 
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been reported as occurring intra-ab- 
dominally in the central nervous sys- 
tem*’ and in the mediastinum and 
thoracic cavity." Intra-abdomi- 
nally. the tumors of the uterus and 
stomach have tended to behave as be- 
nign neoplasms; but the extrauterine 
and extragastric tumors pursue a 
more aggressive course. Since they 
are only rarely encountered, they 
present the general surgeon with a 
difficult problem in management. 
Four patients with this neoplasm oc- 
curring intra-abdominally have been 
treated at the New England Medical 
Center Hospital. These cases are re- 
ported here, with a review of the lit- 
erature, to demonstrate the biological 
behavior of the neoplasms and to de- 
fine principles for their treatment. 


Report of Cases 


Case 1.—A 62-year-old man was found to 
have a right-upper-quadrart abdominal 
mass during a routine examination. An up- 
per gastrointestinal tract series of x-ray 
films revealed a retroperitoneal mass dis- 
placing the duodenum anteriorly, the small 
intestine medially, and the eecum superi- 
orly (Fig 1). Angiographic studies (Fig 2) 
revealed displacement of the aorta and in- 
ferior vena cava to the left and the right 
kidney superiorly and laterally by a vascu- 
lar tumor supplied primarily by the supe- 
rior mesenteric artery with vascular sup- 
ply, also via the right renal and several 
lumbar arteries. At operatien on Nov 22, 


1967, the tumor was found to have invaded 
the duodenum end head of the pancreas 
and to have enveloped the right kidney. It 
extended across the midline but did not in- 
vade the aorta or inferior vena cava. An en 
bloc resection of the tumor was performed 
and included radical pancreaticoduode- 
nectomy and resection of the right colon, 
right kidney, and ureter. Pathological 
studies revealec a 30x 22x15-cm heman- 
giopericytoma with extensive central cys- 
tic necrosis originating from the posterior 
wall of the second portion of the duodenum 
and adherent to, but not invading, the 
right kidney, ascending colon, and termi- 
nal ileum (Fig 3). 

The patient was well for two years and 
then developed right-upper-quadrant pain 
and signs of theracic spinal cord compres- 
sion. A liver scan showed large perfusion 
defects in both lobes of the liver. Mye- 
lography revealed osteolytic destruction of 
the right T-8 vertebral pedical and a com- 
plete thoracic spinal canal block. On Nov 4, 
1969, the patient underwent decompressive 
laminectomy at T-7, 8, and 9 levels with 
partial removel of epidural metastatic 
hemangiopericytoma. He received 3,000 
rads of external irradiation to the thoracic 
spine in three weeks. His neurologic defi- 
cits subsided completely. 

In January 1970, he developed progres- 
sive hepatomegaly. Percutaneous trans- 
femoral celiac arteriography confirmed the 
metastatic disease in the liver. The cathe- 
ter was left in situ, and he received direct 
intrahepatic artery infusion of 1 gm fluo- 
rouracil daily for 14 days. The tumor di- 
minished marsxedly in size. His clinical 
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course, howev=r, was one of progressive 
deterioration, and he tied at home shortly 
thereaf er, tw» years after his initial sur- 
gical operation. 

Case 2.—A 36-year-old man was exam- 
ined for an assmptomatic right-flank 
mass. An upper gestrointestinal tract 
series of x-ray fils revealed a retroperito- 
neal mass displa-mg- the duodenum and 
upper part of the smal bowel (Fig 4). Arte- 
riograpny rewaled displacement of the 
distal aorta tothe left by a tumor supplied 
primerily 5y a læge vessel arising from 
the aorta immedietel), superior to the right 
renal artery (“ig4). The right ureter and 
the inferior vena zava were displaced me- 
dially Fig 6} A operation on March 4, 
1968, æ firm, cy= 2c ight retroperitoneal 
mass was found iawacing the third portion 
of the duodenum amd extending to the 
aorta te the level of tie right common iliac 
artery bifurcation. The inferior vena cava 
was compress «d Lut mot invaded. The mass 
was resected en blæ to include radical 
pancreaticoduodesectomy and part of the 
ascending mesocuiom Pathological study 
revealed a 20& 1- x em hemangiopericy- 
toma arising ‘rom the wall of the second 
portior of the duederum. The patient was 
well Zor 4% years at which time he devel- 
oped anorexie ari was found to have ex- 
tensive hepatic metastases. He received 
systemic chenoterapy with cyclophos- 
phamide (Cytxa), 300 mg/day for four 
days, and imra_epetie arterial infusion 
with dactinenyem, 600yg/day for five 
days. He showed no objective response to 
this therapy .nd«lied two months later. 

Casrk 3.—-A 52-year-eld man developed 
intermittent «pig=xstric colic that increased 


Fig 1.—Retop-ritmeal mass displacing 
duoderum arcerierly and medially, small in- 
testine medially, nd secum superiorly (case 
1). 
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in frequency and severity over the course 
of five months. An upper gastrointestinal 
tract series of x-ray films revealed diffuse 
dilation of the small bowel without any de- 
monstrable intrinsic lesion. Celiac and su- 
perior mesenteric arteriography revealed 
no pathology. Occult blood was persistently 
noted in his stool. At operation on Sept 8, 
1968, he was found to have an ileo ileal in- 
tussusception, 60 em from the ileocecal 
valve. The intussusception was reduced to 
reveal a tumor within the antimesenteric 
wall of the ileum. The involved segment of 
bowel was widely resected with a broad 
section of mesentery to include three ileal 
arteries to their origins from the superior 
mesenteric artery. Pathologic study re- 
vealed a 3x2.5-cm, firm, grayish-tan, 
slightly hemorrhagic hemangiopericytoma 
originating in the submucosa with over- 
lying mucosal ulceration. There were no 
metastases to mesenteric lymph nodes. 
The patient has been free of disease since 
operation 42 years ago. 

CASE 4.—A. 22-year-old man developed 
the sudden onset of right retropubic pelvic 
pain associated with hematochezia and had 
difficulty in voiding urine. An intravenous 
pyelogram revealed the bladder to be dis- 
torted and displaced superiorly and later- 
ally by a retropubic mass (Fig 7). At oper- 
ation on Dec 28, 1968, he was found to have 
a seemingly encapsulated tumor adherent 
to the posterior aspect of the right pubis 
and to the right common and external iliac 
arteries, the right seminal vesicle, and the 
prostate. The tumor was enucleated lo- 
cally. Pathological examinations revealed 
an oval, yellowish-gray, incompletely en- 
capsulated tumor with central hemor- 


Fig 2.—Displacement of aorta to the left 
and of right kidney superiorly and laterally 
by vascular tumor supplied by superior mes- 
enteric artery. Midportion of ureter is par- 
tially obstructed. Radiopaque gallstone is vi- 
sualized (case 1). 





rhagic necrosis diagnosed histologically as 
neurofibrosarcoma. Four months later, 
elective surgical reexploration of the pelvis 
revealed no recurrent tumor. On Nov 3, 
1971, the patient develaped progressively 
increasing pain in the right leg and lower 
part of the abdomen and dysuria. He was 
found to have osteolytic destruction of the 
right innominate bone. An intravenous 
pyelogram revealed extrinsic compression 
of the bladder by a right pelvic mass. Op- 
eration to evaluate the extent of disease 
revealed recurrent tumor confined to the 
right pelvis, with invasion of the bladder 
and the innominate bone. Since the patient 
had refused to undergo hemipelvectomy 
and cystectomy, only a biopsy was per- 
formed. Histologic study of the biopsy and 
of the specimen resected three years previ- 
ously revealed hemangiopericytoma. The 
patient received a split course of externa! 
cobalt 60 irradiation to a total dose of 6,000 
rads. His pain was relieved and roentgen- 
ograms revealed healing of the osteolytic 
disease in his innominate bones. One year 
later, however, he developed evidence of 
reactivation of his bone disease and a pel- 
vic mass. He again refused radical surgical 
extirpation of the tumor and is currently 
receiving systemic chemotherapy with cy- 
clophosphamide, vincristine sulfate, and 
dactinomycin. 


Review of Literature 


The reported hemangiopericytomas 
have varied in size from the micro- 
scopic to those that have attained 
weights of over a kilogram. They are 
usually firm, gray or tan in color, 
nodular, and apparently circum- 
scribed. Calcification occurs occasion- 
ally but is not characteristic. Necrosis 
or hemorrhage within the tumor may 
occur and impart to it a reddish color 
and friability. The tumor is usually 
traversed by coarse trabeculae of fi- 
brous tissue. Most of the neoplasms 
have marked vascularity and, in some 
cases, have been misinterpreted at 
operation as aneurysms. The tumors 
often appear encapsulated, but mi- 
croscopically the apparent capsule 
usually contains neoplastic infiltra- 
tion.'**° Hemangiopericytomas may 
grow locally in restrained fashion for 
long periods of time; but they may ex- 
hibit rapidly progressive infiltration 
into surrounding tissues and they 
may metastasize.‘ Metastases occur 
primarily by way of the blood stream, 
with predilection for bone and lungs. 
Less frequently they metastasize by 
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lymphatic channels to draining lymph 
nodes. 

Histologically,’ the hemangioperi- 
cytoma is characterized by a prolifer- 
ation of endothelium-lined capillaries 
and capillary sprouts that may or 
may not be canalized. The capillaries 
have intact reticulin sheaths, external 
to which are aggregates of small or 
large round or spindle-shaped peri- 
cytes that solidly fill the spaces be- 
tween the capillaries. The pericyte is 
a modified smooth muscle contractile 
cell with long processes that wrap 
about the associated capillary and 
serve to change the caliber of its lu- 
men. It usually does not contain 
myofibrils but rarely may exhibit 
these in immature form. It has a well- 
defined round to elongated or slightly 
lobulated nucleus with a prominent 
nuclear membrane, finely stippled to 
granular chromatin, and small nucle- 
oli. The nucleus stands out in sharp 
contrast against the poorly outlined 
cytoplasm. Each pericyte is character- 
istically surrounded by a supporting 
meshwork of reticulin fibers. Usually 
the capillaries with their surrounding 
pericytes are distinct from one an- 
other and are separated by a fibrous 
stroma that breaks the tumor up into 
lobules, but they may become so 
densely packed that the pericytes of 
one vessel may be in continuity with 
those of its neighbor. Occasionally the 
growth of pericytes may be so mas- 
sive that the vessels are widely sepa- 
rated. Even then, however, the vascu- 
lar nature of the tumor is apparent. 
Diagnosis is made best with Laidlaw 
silver-reticulin connective tissue 
stain, which renders the sheaths of 
the capillaries readily apparent and 
demonstrates the pericytes to lie en- 
tirely outside the vascular sheaths. It, 
therefore, serves to distinguish the 
hemangiopericytoma from the heman- 
gioendothelioma, in which the tumor 
cells are within the capillary sheaths, 
and from other vascular, soft-tissue 
sarcomas. 

There are no reliable criteria to 
differentiate morphologically the 
malignant hemangiopericytoma from 
the nonmetastasizing variety.**:'*° 
There is no correlation between the 
size of the tumor or its rate or dura- 
tion of growth and its biological be- 
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Fig 3.—Section of hemangiopericytoma demonstrating cellularity and mitotic activity 
(hematoxylin-eosin, X 100; insert x 430) (case 1). 


havior. Benign tumors tend grossly to 
be more circumscribed and encapsu- 
lated, while the malignant tumors 
tend more to infiltrate locally. There 
is the suggestion that the more vascu- 
lar the tumor, the more biologically 
aggressive it is likely to aet.*! Ana- 
plastic nuclear changes such as promi- 
nent nuclear chromatin margination, 
vacuolization, and large nucleoli sug- 
gest malignancy but may also be 
found in benign tumors. Benign tu- 
mors tend to be less cellular and have 
a greater proportion of intercellular 
collagen and reticulin fibers; and each 
pericyte tends to be surrounded by a 
reticulin-fiber meshwork. The malig- 
nant tumors may lack the pattern of 
reticulin fibers surrounding the indi- 
vidual pericytes or lose the pattern 
when the tumor recurs or metasta- 
sizes. Mitoses tend to be few and 
patchy in distribution in benign tu- 
mors, while they tend to be more fre- 
quent, occur in prominent foci, or 
tend te be evenly distributed in the 
malignant neoplasm. All these crite- 
ria of malignancy, however, overlap 
so muca with benign tumors that it 
becomes impossible to predict histo- 
logically the biological behavior of an 
individual tumor. 

The hemangiopericytomas occur- 
ring in the uterus have not pursued a 
malignant course.***' None of the re- 





Fig 4.—Large retroperitoneal mass dis- 
placing third portion of duodenum and 
small intestine anteriorly and to the left. 
(case 2). 


ported cases have been truly encapsu- 
lated, but all have had discrete bor- 
ders; none have had penetration into 
lymphatic or vascular channels. One 
case with vaginal metastasis and two 
with ovarian metastasis have been re- 
ported in the literature”; but there 
have been no recurrences, distant me- 
tastases, or deaths reported from ute- 
rine hemangiopericytomas. The fa- 
vorable prognosis with tumors arising 
in the uterus may be related, in part, 
to the fact that hysterectomy affords 
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Fig 5.—Displacement of aorta to the left 
by vascular right retreperitoneal tumor sup- 
plied by large vessel arising from aorta su- 
pericr to right renal artery. Ureter is dis- 
placed medially (case 2). 


a wide, complete removal of the tu- 
mor. 

Hemangiepericrtomas of the stom- 
ach have appeared as bulky, slow- 
growing submucosa! or intramuscular 
lesions often assceiated with achlor- 
hydria and melena or hemateme- 
sis.~-** Therapy has consisted of local 
excision or partic! gastrectomy. Ex- 
cep: for tae pa-ient described by 
Ernst,” which developed recurrences 
over the course of 27 years and mani- 
fested lymph nodal metastases, none 
of the reported gastric hemangio- 
pericytomas has exhibited a malig- 
nart clinica! course; even Ernst’s case 
was completely controlled by radical 
total gastrectomy: In fact, the gastric 
lesions have been considered by some 
as inflammatory im character rather 
than neoplastic.” = 

If one excludes uterine and gastric 
hemangiopericytcmas, the intra-ab- 
dominal tumors ære found to be very 
aggressively malignant lesions. A re- 
view of the 54 cases of intra-abdomi- 
nal hemangioperrytomas reported in 
the English litereture is presented in 
the Table. To ths list are added the 
four cases hereir reported. There is 
no sex predominance apparent. The 
age range has been from 2% to 92 
years, with all age groups about 
equally involved. Most of the tumors 
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Fig 6.—Medial displacement and possible 
direct invasion of inferior vena cava by ret- 
roperitoneal tumor (case 2). 


have originated in the omentum, the 
retroperitoneum, or the intestinal 
wall. The principal physical finding 
has been an abdominal or pelvic mass. 
Pain in the area of the tumor has 
been a common symptom, and vague 
gastrointestinal symptoms may oc- 
cur. Melena may be present, and 
small-bowel obstructive symptoms 
may occur. 

Almost all of the intra-abdominal 
tumors have exhibited direct local in- 
vasion, recurrence after excision, or 
metastasis.°*’*? Of the 40 cases in the 
literature, including the present 
series in whom follow-up information 
is available, seven developed recur- 
rences from two to six years after ini- 
tial treatment, eight developed me- 
tastases at six months to 4% years 
after therapy, four developed both lo- 
cal recurrence and metastasis at 16 
months to 2 years, and 15 were re- 
ported as dead of disease at from six 
weeks to 10 years after treatment. 
Only 11 of the 40 patients were alive 
without evidence or recurrent disease 
at from six months to 11 years; one 
died of other causes, though free of 
recurrent or metastatic disease at 7 
years; and one case with untreated 
tumor for 60 years died of other 
causes. Of these survivors, only nine 
have been followed up for more than 
one year and only two for more than 
five years. Recurrences and metas- 
tases after surgical therapy tend to 
occur early in the clinical course of 
the patient; but they may occur only 





Fig 7.—Distortion and superiorlateral dis- 
placement of bladder by retropubic mass 
(case 4). 


after long intervals of time. Those 
with metastases have generally died 
within 18 months of the time of me- 
tastasis. 

Since the hemangiopericytoma ex- 
hibits a locally aggressive infiltrative 
pattern of growth, has a high rate of 
recurrence after simple local excision, 
and has a potential for metastasis 
that cannot be predicted by its histo- 
pathology, the treatment of choice 
has been radical en bloc surgical exci- 
sion as the initial therapy. Of the 58 
patients described, 47 were treated 
surgically, of whom 29 have follow-up 
information available. Of these 29, 
ten were free of disease at from four 
months to 11 years, and two patients 
were alive less than one year after re- 
section of recurrent disease. 

The effectiveness of radiation ther- 
apy for this neoplasm has not been 
established. Its major uses have been 
to treat nonresectable or incomplete- 
ly excised tumors locally and to pal- 
liate advanced or metastatic dis- 
ease, '8-20-42-43,56,63.69-72 The lethal tumor 
dose for extra-abdominal heman- 
giopericytomas is in the range of 
7,500 to 9,000 rads in 30 to 60 days, 
while the minimal dose for palliation 
is in the range of 3,000 rads in 18 
days.*7° With doses of this magni- 
tude, there is a high risk of radiation 
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Author 
Ackerman 


Ault et al” 


Bacon et al’ 











Review of Intra-abdominal Hemangiopericytomas 


Treatment 
Excision 


Sigmoid resection, 
incomplete 
reexcision 


Excision 


Result 


Recurrence, metastasis 
of lung; dead in 18 mo 


Recurrence at 31 mo; 
alive at 9 mo after 
reexcision 


Nonresectable 


space recurrence at 3 yr 
Baglio and Crowson® 50 F Urachus, invading Resection No follow-up 


Berk et al% 


Binder* 


Black and Heinemann? 
Bush*®* 


Crocker and Veith? 


DeVilliers et al’? 


Douglas et al® 
Farrow et al” 


Fink and Oberman* 


Fisher® 


Forman and Campbell“ 


Age, yr/Sex Location 
68 M Between right 
kidney and adrenal 
34 F Sigmoid colon 
and mesentery 
56 M Retrorectal 
omentum 
41 F Left rena capsule 
61 M Posterior wall of 
duodenum 
66 M Duodenum 
52 M lleum 
22M Retropubic, 
adherent to pubis 
29 F Kidney 
65 F Broad ligament 
41M Right seminal 
vesical and 
bladder base 
35M Extrarectal 
pelvis with 
sacral attachment 
39M Presacral 
5 cases Kidney and 
renal capsule, 
3 without direct 
kidney invasion, 
2 with invasion of 
renal parenchyma 
16M Presacral 
with sacral 
fixation 
50 F Pelvis, 
attachec 
to rectum 
40 F Pelvic culd 


sac, adherent 
to rectosigmoid 
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Extracapsular 
nephrectomy 

Wide resection- 
pancreaticoduo- 
denectomy, right 
nephrectomy; radiation 
therapy to spine 
metastases; intra-arterial 
liver infusion 
to metastases 

Pancreatico- 
duodenectomy, 
mesocolon resection; 
chemotherapy for 
metastases 


lleal resection 


Local resection 


Irradiation to 
recurrence 


Nephrectomy 


Hysterectomy, 
postoperative 
irradiation 


Cystectomy, 
prostatectomy 


Partial reresection 


Partial reresection 


Irradiation 
Excision 


Excision 
Nephrectomy 


Incomplete resection, 
irradiation 


Mechlorethamine 
hydrochloride 
treatment 


Excision 


Local resection 


Rectal resection 
for recurrence 


No follow-up 


Liver, vertebral, and 
epidural spinal cord 
metastases at 2 yr; 
died at 2 yr postoper- 
atively 


Liver metastases at 
41% yr; 
no apparent benefit, 
died at almost 
5 yr 

Alive and well 
at 4 yr 


Local recurrence 
with invasion of 
innominate bone 
at 3 yr 

Regression of bone 
involvement with 
reactivation of disease 
1 year later 


No follow-up 


Metastases to femurs 
at 2 yr and 3 yr; 
recurrence at 314 yr; 
pulmonary metastases; 
died 314 yr postoperatively 
Recurrence in pelvis 
at 6 yr 


Recurrence at 10 yr 
from first-degree therapy 
Recurrence at 1014 
yr from first-degree 
therapy 
Alive and well at 9 mo 


No follow-up 


Alive and well at 6 mo 


Four died of tumor at 
5 mo, 10 mo, 234 yr, and 
10 yr; 1 alive at 7 mo 
with pulmonary and 
osseous metastases 


Lung and vertebral 
metastases 
1 yr postoperatively 
Liver metastases 
1 yr later 


Alive and well at 4 yr 


Recurrence in pelvis 
at 1 yr 


No follow-up 
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Review of Intra-abdominal Hemangiopericytomas (continued) 








Autor Age, yr/Sex Location 
Golcberger and®Schein* 30 F Omentum 
Hakala et a!* 24 F Retroperitoneal 
pelvis 
Herdman” 69 F Retroperitoneum 
Howard and Dard 16 F Retroperitoneal 
pelvis 
Key and Wathe” 75M Rectum 
Larsen and Graw® tet lleum 
Lee and Kay” 47 F Right rena! 
fascia-retro- 
peritoneum 
Majaarich aed Stou" 41M Ligamentum, 
teres of liver 
Marino” 54 M Transverse 
mesocolon with 
greater curvature 
of stomach and 
omentum, ascites 
McCormackanc 2alivan™ 35 F Retroperitoneum 
Melizow™ 11F Retroperiteoneum 
Mitchell et a® 55M Seminal vesicle 
invading bladder 
O’Brien and 3refiex* Pararectal 
Pelvic 
start Pelvic 
Olsen and Wellweoc” 57M Jejunum 
54M ileum 
19M Small bowel 
Orega et al® 214M Retroperitaneum 
involving kidney, 
superior mesenteric 
vessels, inferior vena 
cava, common iliac 
veins and arteries 
Pack and Tatah 20 F Left psoas muscle 
invading vertebrae 
Robertson et al® 16M Kidney 
Simon and Gees’ 18 M Kidney capsule 
and left 
retroperitoneum 
Slattery et aF 50 F Rectum 
Smith and Swer=on® 43 F Ileum 
Sp re et al® 39 F Retroperitoneum- 
sacrum 
Stau? 92 M Omentum 
Stout and'Gasel* 81 F Mesojejunum with 
Stout et a peritoneal 
implants 
47 F Pelvis near 
uterus and 
left ureter 
11M Left iliac fossa 


ileum with 
metastases to 


mesenteric lymph 
nodes 


Treatment Result 
Omental resection No follow-up 
Resection No follow-up 
Resection Died at 6 weeks 
Resection; Recurrences 4 times over 
reresection 4 times next 10 yr; died at 11 yr 


of liver and serosal 
metastases and local 
recurrence 


No follow-up 
Alive and well at 2 yr 
Alive and well at 11 yr 


over next 10 yr 


Excision 
lleal resection 


Resection with 
nephrectomy 


Excision Alive and well at 4 mo 

Resection of omentum, 
stomach, mesocolon and 
transverse colon 


Recurrence in retroperito- 
neum and peritoneal 
implants; metastasis to 
mesenteries, diaphragm, 
liver, and pancreas at 


16 mo 
Biopsy, irradiation Died of pneumonia 
7 yr postoperatively 
Excision Recurrence, metastasis 
to skull, femur, 
and pelvis 
Resection and No follow-up 
irradiation 
Resection No follow-up 
Resection Dead at 5 yr 
Resection Dead at 5 yr 
Jejunal resection No follow-up 
lleal resection No follow-up 
Small bowel resection No follow-up 


Bone metastases; 
regression of metastases 
with chemotherapy at 
21% yr with bone 
metastases healing on 
chemotherapy 


Alive and well at 1 yr 


Biopsy, chemotherapy, 
irradiation; resection 
after irradiation and 
chemotherapy; new 
bone metastases 


Partial excision, 


irradiation 
Nephrectomy No follow-up 
Enucleation Alive and well at 2 yr 


Anterior resection Alive and well at 18 mo 


Enucleation No follow-up 

Partial excision; Recurrence in 
irradiation of 2 yr 
recurrence without Invasion of rectum and 


response; posterior 
pelvic exenteration 


vagina at 3 yr; 
alive and well at 10 mo 
after exenteration 


None for 60 yr Autopsy finding 
Excision Died at 4 mo 
Incomplete excision, No follow-up 


irradiation 


Biopsy, irradiation Skull and femur 
in 3 courses over metastases; dead 
9yr at 10 yr 
Local resection Liver metastases; 
died at 18 mo 
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Author Age, yr/Sex 
63 M 
57 F 


64 M 


36 M 
68 M 


Thompson‘ć 
Warren” 


Wise‘? 43M 


* Present study. 


injury that seriously limits the sites 
to which it may be applied. It has 
been suggested” that irradiation be 
used postoperatively to the site of all 
resected lesions in an attempt to re- 
duce the high local recurrence rate, 
and it is possible that such adjunctive 
radiotherapy may improve the results 
of surgery; but with the clinical expe- 
rience available, this remains con- 
jectural. Of the 40 cases with follow- 
up information, one primarily irra- 
diated patient died free of tumor at 
seven years, and another received 
multiple courses of therapy for his 
primary, recurrent, and metastatic 
disease before dying of disease at ten 
years. Irradiation for palliation of 
metastatic and recurrent disease has 
been marked. 

The role of chemotherapy in treat- 
ing this neoplasm is also not estab- 
lished, since there have been only few 
reports of objective improvement of 
this tumor with chemotherapeutic 
agents used alone or in conjunction 
with surgery and irradiation.**” 


1. Stout AP, Murray MP: Hemangioperi- 
cytoma: A vascular tumor featuring Zim- 
ama pericytes. Ann Surg 116:26-33, 
1 


2. Stout AP: Tumors of blood vessels. 
Tex Med 40:362-365, 1944. 

3. Stout AP: Hemangiopericytoma: A 
ik of 25 new cases. Cancer 2:1027-1054, 
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Review of Intra-abdominal Hemangiopericytomas (continued) 


Location Treatment 
Omentum Excision 
Omentum Excision 
Omentum involving Excision 


transverse colon, 

with liver and 

lung metastases 

and serosal and 

peritoneal implants 

7 yr after resection 

of meningeal 

hemangiopericytoma 
Jejunum 


Right retroperitoneum 
between kidney 
and adrenal 


Pelvis and lower 
part of abdomen 


Enucleation excision 


Excision, adrenalec- 
tomy 


Biopsy, irradiation; 
excision after 5 yr 


Conclusions 

From a review of the literature and 
the present series, it is apparent that 
intra-abdominal hemangiopericyto- 
mas, exclusive of gastric and uter- 
ine primary tumors, exhibit a great 
propensity for malignant biological 
behavior. The incidence of local recur- 
rence and metastasis after excisional 
therapy is so high as to suggest that 
all such tumors be considered malig- 
nant. The frequency of local recur- 
rence is probably attributable in part 
to the anatomic location of these tu- 
mors, especially when they originate 
in proximity to vital structures, 
makes complete extirpation difficult 
or impossible. The prevention of meta- 
static disease is currently beyond the 
realm of any clinically established 
therapeutic modality. The prevention 
of local recurrence, however, is pos- 
sible by the application of sound prin- 
ciples of tumor surgery, such as extir- 
pation of the lesion with a margin of 
surrounding normal tissue suff- 
ciently extensive to insure that resid- 
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Result 
Alive and well at 1 yr 
No follow-up 
Dead at 2 yr 














No follow-up 
No follow-up 







Died of metastases to 

liver, lung, retro- 
peritoneum and mediastinal 
lymph nodes at 6mo 

after excision 









ual foci of tumor are not left in situ, 
and avoidance of local implantation 
of tumor cells by not incising into or 
cutting across tumor-bearing tissues. 
Such principles were adhered to in 
three of the four cases presented here 
(cases 1 through 3) and have resulted 
in no local recurrences. In the fourth 
case, an insufficient margin about the 


tumor was effecced in the initial oper- 


ative procedure and resulted in local 
recurrence. Until the roles of adjunc- 
tive irradiation and chemotherapy of 
this sarcoma are established clini- 
cally, the primary therapy should be 
radical surgical resection of the neo- 
plasm whenever it is encountered in 
an intra-abdominal site. In view of 
the poor overall prognosis of this neo- 
plasm, however, adjunctive therapy 
should be further investigated clini- 
cally. 
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Pressure, Tissue Ischemia, 


and Operating Table Pads 


Sherman G. Souther, MD; Stephen D. Carr, LVN; Lars M. Vistnes, MD, Palo Alto, Calif 


The ability of two types of operating table 
pads to reduce pressure under bony promi- 
nences was evaluated. Pressures were mea- 
sured beneath the occiput, scapula, ole- 
cranon, sacrum, ischial tuberosity, and cal- 
caneus of ten normal volunteers in the su- 
pine position, and beneath the trochanter 
major with patients in the lateral decubitus 
position, on a standard (latex foam rubber) 
pad and a water-filled, polyurethane foam 
pad. Both pads failed to reduce pressure be- 
low mean capillary pressure, and neither pad 
was as effective in reducing pressure as 
cushions currently available for wheelchairs 
or beds. The water-filled, polyurethane foam 
pad did reduce pressure beneath the occiput, 
calcaneus, and trochanter major signifi- 
cantly (P <.01) more than the standard pad. 
The need for an operating table pad that re- 
duces pressure under bony prominences is 
discussed, and a practical, theoretically ef- 
fective cushion is suggested. 


€€ Å n ounce of prevention is worth 

a pound of cure.” This time- 
less homily succinctly summarizes the 
enlightened approach to the problem 
of pressure ulcers. Over seven years 
ago, a pressure ulcer added an esti- 
mated $5,000 to the cost of a patient’s 
medical care.' This figure scarcely de- 
picts the investment of countless 
man-hours by medical personnel and 
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the loss of potentially productive days 
by the patient. An estimate of per- 
sonal suffering is impossible. 

The pathophysiologic development 
of a pressure ulcer is the sequence of 
pressure, ischemia, and necrosis. Hu- 
sain? demonstrated in rats that 100 
mm Hg pressure applied to an ex- 
tremity for two hours resulted in a 
decrease or loss of striations in myofi- 
brils. hyalinization of muscle fibers, 
and neutrophilic infiltration. These 
changes were similar to those pro- 
duced by the application of 600 mm 
Hg pressure for one hour. Kosiak* 
showed in dogs that microscopic 
changes occurred in tissues subjected 
to as little as 60 mm Hg pressure for 
one hour. Pressure ulcers developed 
three to four days after the appli- 
cation of 150 mm Hg pressure for 
nine hours and after 500 mm Hg pres- 
sure for two hours. Kosiak* confirmed 
these findings in rats. The application 
of 35 mm Hg pressure for one to two 
hours did not cause microscopic 
changes, but changes were found 
when 70 mm Hg pressure was applied 
for two hours. Pressure and time 
were found to be inversely related, 
the curve inscribing a parabola. Dura- 
tion of pressure is more important 
than intensity; proportionately lower 
pressures produce equivalent tissue 
damage with increasing duration of 
application.’ 

The critical factor is tissue perfu- 
sion. Capillary pressures have been 
measured directly and indirectly and 
range from 12 to 33 mm Hg.' If pres- 





sure, either by direct compression or 
by shearing with torsion on the ves- 
sels, diminishes or obstruets blood 
flow, a vicious cycle of tissue anoxia 
and increased capillary permeability, 
followed by tissue edema, begins. The 
ultimate result is cell death and ne- 
crosis. Husain* demonstrated that the 
smaller the surface area over which a 
compressive force is applied, the 
greater the deformation of the tissue. 
Body weight is not evenly dis- 
tributed; bony prominences and the 
immediately surrounding areas sup- 
port most of the weight, and hence 
high pressures are generated in these 
areas. Lindan and others’" mapped 
the distribution of pressure in men 
and women in the supine and lateral 
decubitus positions and found pres- 
sures beneath bony prominences to be 
greater than mean capillary pressure, 
but generally less than 100 mm Hg. 
Siegel and others' demonstrated pres- 
sures in excess of mean capillary 
pressure beneath the occiput, sacrum, 
calcaneus, and trochanter major of 
normal volunteers lying on a stan- 
dard hospital bed. The need for de- 
vices that allow the more even distri- 
bution of body weight, and thus 
decrease pressure under bony promi- 
nences, has been reeognized and 
stressed. 

This need exists in the operating 
room as well. The anesthetized, im- 
mobile patient, at times intentionally 
or unintentionally hypotensive, risks 
tissue damage secondary to pressure 
and ischemia as much as the immobile 
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Fig 1.—Diagrammati> representation of Henry surface pressure manometer. 














Standard 


Mean 
Pressure, SD, 
Site mra Hg mm Hg 

Occiput 3.0 23.8 
Scepula 58.4 38.6 
Olecranon 58.7 12.6 
SacrLm 52.3 16.0 
Ischia! 

tuberosity 37.0 15.0 
Calzaneus >138.0 
Trochanter 

mejor 119.3 27.3 





patient confined t bed, if the inten- 
sity of pressure and duration of appli- 
cation are sufficient. Many modern 
operative proeedures require more 
than two hours, a 2eried which, in ex- 
perimertal studies, resulted in tissue 
changes. Because of eur interest in 
the preventiomof pressure ulcers' and 
our recent experence in the eval- 
uation ef seat cushioas that reduce 
pressures under iszhial tuberosities, a 
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Pressure Measurements Under Bony Prominences 
of Ten Subjects Lying on Operating Table Pads 


(Latex Foam Rubber) Pad 








Water-Filled 
Polyurethane Foam Pad 


Mean 
SE, Pressure, SD, SE, 
mm Hg mm Hg mm Hg mm Hg 
7.5 63.2 14.9 4.7 
12.2 48.7 23.6 7.5 
4.0 42.8 13.0 4.1 
5.0 34.7 21.2 6.1 
5.0 31:5 10.8 3.6 


te 102.3 21.2 6.7 


8.6 97.7 32.5 10.3 





study was done to evaluate the pres- 
sure beneath bony prominences of 
subjects lying on a standard oper- 
ating table pad and a water-filled, 
polyurethane foam operating table 
pad. The findings are not to be inter- 
preted as the endorsement of one 
cushion or the criticism of the other. 
The data were obtained objectively, 
and the reader is left to form his own 
conclusions concerning the merits of 





the cushions. 
Materials and Methods 


Ten normal adult volunteers were in- 
formed of the nature and purpose of the 
study and consented to participate. Eight 
men and two women were studied. The 
weight of the men ranged from 43.1 to 
122.5 kg. The weights of the women were 
48.5 and 59.0 kg. 

Quantitative pressure measurements 
were made beneath the occiput, scapula, 
olecranon, sacrum, right ischial tuberosity, 
and right caleaneus, with the subjects su- 
pine, and beneath the right trochanter ma- 
jor with the subjects in the right lateral 
decubitus position. Pressure measure- 
ments were made with the surface pres- 
sure manometer developed by Henry et al’ 
for “G-suit” studies. 

The device (Fig 1) measures the pres- 
sure necessary to create a difference be- 
tween two initially identical volumes. A la- 
tex bladder is placed on the end of a tube 
(A) that is connected by a Y-tube to a sec- 
ond, closed tube (B) of equal volume. Each 
tube is sealed by a globule of mercury. 
Both tubes are connected via the Y-tube to 
a buffer tank, which is open to an inflation 
bulb and a mercury manometer. When the 
pressure in the buffer tank is increased by 
the inflation bulb, the mercury globules 
pace each other down the tubes. At the mo- 
ment the latex bladder admits air, the 
globule in tube A will move in front of the 
globule in tube B, because one volume has 
changed relative to the other. The mercury 
manometer reading at that moment is the 
pressure necessary to separate the two 
leaves of the bladder and is equal to the 
compressive force applied to the bladder. 
Pressures greater than 130 mm Hg cannot 


be measured with the device used in this © 


study. The system was calibrated against a 
fluid column and an eleetropneumatic sen- 
sor; the accuracy was on the order of +5%. 

The bony prominence to be evaluated 
was palpated, and the latex bladder was 
carefully positioned and held in place by 
taping tube A, which was proximal to the 
bladder, to the subject’s skin. Standard 
shorts were worn by each subject. Mea- 
surements were made beneath a bony 
prominence on one pad, and the subject 
then moved carefully to the other pad. The 
position of the bladder was checked and 
measurements were made. The bladder 
was then positioned beneath another bony 
prominence, and the sequence was re- 
peated. The sequence of prominences and 
pads was randomized. 

The standard operating table pad eval- 
uated in this study is a latex foam rubber 
pad in a conductive cover. The cost is 
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$94.25. The other pad is a water-filled, 
polyurethane foam pad in a conductive 
cover. The cost is $250. 

Despite careful positioning of the sub- 
ject, marked deviations were found in test- 
retest studies on the same pad. The devia- 
tions were occasionally on the order of 30 
to 40 mm Hg. To minimize these differ- 
ences, a protocol of measurements was de- 
vised such that the subject was positioned, 
three measurements of pressure were 
made, and the subject sat or stood. He was 
repositioned and another three measure- 
ments were made. This procedure was con- 
tinued until five trials of three measure- 
ments each, a total of 15 measurements for 
each prominence, were made for each pad. 
Pressures greater than 130 mm Hg were 
recorded as > 130 mm Hg. 

The mean pressure, standard deviation, 
and standard error for each prominence on 
each pad were calculated. Statistical analy- 
sis was made by the Student t test. 


Results 


Mean pressures, standard devia- 
tions, and standard errors for the ten 
subjects are recorded in the Table. 
The highest mean pressures may be 
low because of the inability to mea- 
: sure pressures greater than 130 mm 
Hg. The lowest mean pressures are 
unaffected because pressures greater 
than 130 mm Hg were not found. The 
results are graphically depicted in 
Fig 2. Mean pressure beneath each 
bony prominence was greater than 
mean capillary pressure, except be- 
neath the ischial tuberosity. Mean 
pressure beneath the occiput, cal- 
caneus, or trochanter major with ei- 
ther pad was more than double mean 
capillary pressure. At each site, mean 
pressure on the water-filled, poly- 
urethane foam pad was less than 
mean pressure on the standard pad, 
but these differences were statisti- 
cally significant (P<.01) only for the 
occiput, calcaneus, and trochanter 
major. 


Comment 


In other studies of pressure under 
bony prominences on a standard hos- 
pital bed, or its equivalent, Siegel and 
co-workers' and Lindan and others*" 
found pressures lower than with ei- 
ther of the pads evaluated in this 
study. Pressures beneath the occiput, 
scapula, calcaneus, and trochanter 
major of normal volunteers, lying on 
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Fig 2.—Mean pressure beneath bony prominences of ten subjects on two operating table 
pads. Bars represent 2 standard errors (> 95% of population of means). 


a standard operating table pad, equal 
or exceed pressures that, in experi- 
mental animals, produce microscopic 
tissue changes after application for 
only two hours." Proportionately 
more important than the intensity of 
the pressure is the duration of its ap- 
plication.» Many modern operative 
procedures exceed two hours, several 
exceed five hours, and some exceed 
seven hours. Lindan’ showed that 100 
mm Hg pressure applied to the ears 
of rabbits for seven hours resulted in 
permanent, gross tissue damage. Tis- 
sue changes secondary to pressure 
form a spectrum from reversible, 
microscopic changes to permanent, 
gross damage. 

To our knowledge, the formation of 
pressure ulcers during operation or 
the correlation of intraoperative 
events with the formation of pressure 
ulcers in the postoperative period 
have not been described. The appro- 
priate conditions of pressure and time 


exist, however, for the creation of tis- 
sue changes. These changes must be 
considered a part of surgical trauma, 
and, however small, the energy re- 
quirement for their repair is a debit 
on the total body economy during the 
postoperative period. The subjects in 
this study were young, healthy adults. 
When paraplegic patients were eval- 
uated in studies of pressures produced 
in the sitting position,‘ higher pres- 
sures were found than when normal 
subjects were studied. In the cachetic, 
the elderly, those in shock, and those 
deliberately made hypotensive, high- 
er pressures or poorer tissue perfu- 
sion is conceivable. In this era, when 
improved modalities of support for 
the patient allow ever more dramatic 
and prolonged surgical interventions, 
attention to detail is necessary to re- 
duce the trauma of operation. A cush- 
ion to reduce pressure under bony 
prominences, especially in high-risk 
patients and for extended operative 
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procedures, is reeommended. 

In yet unpub ished studies from 
this laboratory, a water-filled, poly- 
urethane foam waeelchair cushion 
identical in cens ruction to the water- 
filled, polyurethene foam operating 
table pad, excep: for the outer cov- 
ering. was foun? te significantly re- 
duce pressure umder the ischial tu- 
berosity while the subject was in the 
sitting positien, “rom 80 mm Hg with 
the seat alone tc 48mm Hg with the 
cushion. The sune position presents 
a larger surface =rea than the sitting 
position ever whæh -o distribute body 
weight, and eve more dramatic re- 
sults were anticmpated with the oper- 
ating table pad These expectations 
were not reaize. The difference in 
the outer coveriaz s most likely re- 
sponsible, since the eover of a cushion 
is extremely impertant to the ability 
of the cushion t dstribute weight.: 
The water-filled pcClyurethane foam 
operating table =d did reduce pres- 
sure under eac® bony prominence 
more than the standard operating 
table pad, and the d-ference was sta- 
tistically signifient (P<.01) for the 
occiput, caleaneas, and trochanter 
major, the prom menmces under which 
the greatest pressures were gener- 
ated. 

Other cushiens#ffective in reducing 
pressure under beny prominences are 
available. The vate bed has been 
shown to reduxe aressure to less than 
mean capillary pmessare.' This type of 
device may be impractical for the op- 
erating room. however. The water 
bed is neavy and -omewhat difficult to 
clean, and its surface is unstable, 
which is unsuitales for retraction and 
cardiopulmonary resuscitation.’ An- 
other type of dewice an alternating- 
pressure air pad, 1as been shown by 
Kosiak and othe=s'° to reduce pres- 
sure between the beny prominences 
of sitting sujets and uninflated 
compartments (ir the “down phase”) 
to less than mear capillary pressure. 
Kosiak also shewe that pressures as 
high as 240 mm Hæ could be tolerated 
for three hours without microscopic 
evidence of tissue damage, if the 
areas of applicatzon were alternated 
every ‘ive mirutes. An alternating- 
pressure air mettzess, therefore, 
might be an appepriate cushion for 
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supporting the patient on the oper- 
ating table without causing tissue 
damage. Such a device would be light 
and narwow and would provide stabil- 
ity for retraction and cardiopul- 
monary resuscitation. Caution is ad- 
vised, hewever. The device used by 
Kosiak was not commercially avail- 
able; at east one commercially avail- 
able device was evaluated by Houle," 
who demonstrated that it was not as 
effective as the device evaluated by 
Kosiak. Presumably, the difference 
was due -o the lack of sufficient excur- 
sion of the compartments between 
the unindated and the inflated posi- 
tions. We eonclude, therefore, that al- 
though an operating table pad that 
reduces pressure under bony promi- 
nences is desirable, a device as effec- 
tive as those available for wheelchairs 
or beds is not available at present. 


The Jobs: Hydro-Float operating table pad 
and the Jowst Hydro-Float wheelchair cushion 
used in this study were provided by the Jobst In- 
stitute, Inc. Toledo, Ohio. 
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Invited Editorial Comment 


Souther t al were apparently prompted 
to study che pressures developed over 
prominencss during surgery on the basis 
of one patient observed seven years be- 
fore. Certainly by all established criteria 
of pressur+time relationship necessary to 
produce neerosis, one would expect this to 
be a signiffant problem. However, despite 
the frequeacy of prolonged operative pro- 
cedures, prssure sores with a patient un- 
der anesthesia are surprisingly uncommon. 

This disparity is probably due to the 
vagaries oF the measurement techniques 
themselves and the lack of full under- 
standing of time-pressure-sensation rela- 
tionships which produce soft tissue necro- 
sis. As impied by the authors, no reliable 
methodology exists to obtain reproducible 
data, and even the figures given for mean 
capillary pressure are inferential. 

While the anesthetized patient is indeed 
concentrating significant pressures over 
bony prommences, this is applied directly 
and is rarey subject to significant shear. 
Shear forces undoubtedly magnify the de- 
structive petential of tissue compression 
and are even more difficult to measure. 
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Perhaps the low incidence of this complica- 
tion is due to the competence of nursing 
personnel cognizant of possible problems. 
Attention to detail, such as the uncrossing 
of legs and appropriate padding of high 
risk areas with various positionings and 
suspensions, is a well-understood routine, 


` and seems to provide practical and effec- 


tive prophylaxis. 

The most common site for pressure ef- 
fects under prolonged anesthesia seen by 
this writer is the occiput, which is subject 
to shear as the anesthetist maintains neck 
extension for airway control. Simple cog- 
nizance of the possibility should encourage 
the occasional prophylactic change in head 
position. 

Experience suggests that under most op- 
erative situations, the risk of pressure ne- 
crosis is minimal. Imaginative solutions to 
special situations, using equipment such as 
section fixation pads, should permit the 
risk of ulceration to approach zero. There 
is no substitute for a competent, alert op- 
erating room staff. 

Garry S. Bropy, MD 
Downey, Calif 
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The Acutely Swollen Hand 
in the Drug User 


Dale M. Daniel, MD, San Diego, Calif 


Today’s physician, seeing patients with a 
nontraumatic acutely swollen hand, must 
consider the possibility of drug abuse. The 
hand problem may be infection, Volkmann 
ischemia, skin bullae due to barbiturate over- 


here are 35,000 visits to the 

emergency room of the Univer- 
sity Hospital of San Diego County a 
year. The Orthopedic Service is con- 
sulted for the major hand problems. 
During the year April 1, 1970, to 
March 31, 1971, the Orthopedic Ser- 
vice cared for ten patients with 
acutely swollen hands secondary to 
drug abuse. The problems seen have 
been classified into four groups: infec- 
tions secondary to needle puncture, 
Volkmann ischemia, skin bullae sec- 
ondary to barbiturate overdose, and 
endarteritis secondary to intra-arte- 
rial drug injection. All of the patients 
have been lost to follow-up. The cases 
are here reported and discussed to call 
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dose, or endarteritis due to intra-arterial in- 
jection. Cases illustrating the spectrum of 
drug-related acute hand problems seen in a 
county hospital and reported in the literature 
are presented. 


attention to this group of entities. 
Infection 


Drug users are prone to a multitude 
of infections because of their use of 
unsterile needles, syringes, and 
drugs. In our hospital, most simple in- 
fections are treated by the emer- 
gency room physician or the physi- 
cian hospitalizing the patient for 
other reasons. During the year re- 
ported, the Orthopedic Service man- 
aged three hand infections secondary 
to drug injection. 


Report of Cases 


CASE 1.—A 23-year-old man became in- 
toxicated with “friends,” wao then in- 
jected an unidentified drug into the dor- 
sum of his right hand “as a joke.” He had 
never used drugs before. Three days post- 
injection, the patient had a fever of 38.9 C 
and marked swelling of his right hand and 
forearm. Operative drainage through a 13- 
cm incision revealed abscess sormation of 
the dorsum of the hand extending through 
the fourth extensor compartment into the 
forearm for about 5 cm (Fig B. The wound 





was dressed open and closed five days post- 
operatively. Group A Streptococcus grew 
from the cultures. Antibiotic treatment 
was penicillin G potassium administered 
intravenously for five days and then peni- 
cillin phenoxymethyl potassium adminis- 
tered orally for ten additional days. 

The patient was last seen three months 
postinfection wita a full range of wrist and 
finger motion. 

CASE 2.—A 30-rear-old woman had swell- 
ing and erythema at the base of her thumb 
and over the racial styloid. The examina- 
tion was compat ble with de Quervain dis- 
ease. She had be=n treated elsewhere with 
soaks and an urknown antibiotic. On ad- 
mission she confessed injecting an un- 
known drug into a vein at the base of her 
left thumb. Surgical exploration revealed 
inflammation of the first and second exten- 
sor tendon compartments. Inflammatory 
tissue was excised and the wound closed 
loosely. Pseudomonas aeruginosa grew 
from the cultured tissue. The patient was 
given cephalexin monohydrate (Keflex) 
orally, and the wound healed. She subse- 
quently developed serum hepatitis and 
signed out of the hospital while jaundiced, 
against medical advice. | 

CASE 3.—A 22-year-old heroin addict was 
admitted to the methadone treatment cen- 
ter. Swelling of his right hand was noted, 
and he was treated with an incision and 
drainage on the ward, intravenous admin- 
istration of penicillin G potassium, and hot 
packs. Roentgenograms ef the hand 
showed only soft tissue swelling. Twelve 
days postadmission, due to lack of re- 
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Fig 1.—\nfecttonf fourth extensor compartment (left), and healed scar showing exten- 
siveness of drammape incision (right). 


sponse o treatment, th antibiotic regi- 
men was changec to methicillin sodium 
(Staphcilin). Pssxdanenas organisms 
grew frem the culwre-o® the incision and 
drainage, and was mterpreted by the ward 
staff to be a secone ary imvader. 

Because of persistent tenderness and 
limitatioa of wrist matien, an orthopedic 
consultation was ®taned 18 days post- 
admission. Surgiea exploration revealed a 
wrist pyarthrosis, with partial destruction 
of the kamate anf cepstate bones. The 
wrist was debridee of the inflammatory 
and neerstic tissue anc the wound closed 
over a two-catheter irrmetion-suction sys- 
tem. Intravenous ae ministration of meth- 
icillin was continmec, amd | gm of methicil- 
lin and 1000 units of aearin sodium in 
1,000 ml normal sale were infused 
through tae irrignticn-suction system at 25 
ml/hr. The system fanctioned well, and six 
days posteperatively, was discontinued; the 
patient’s arm was »laced in a short-arm 
cast with -he wrist iw neutral flexion and 5 
degrees alnar deviation Pseudomonas 
- aeruginosa grew ‘rom tae synovial biopsy 
taken at surgery. 

The patient was them lest to follow-up 
until December 197, when examination 
and a roemgenogram revealed a spontane- 
ous wrist -usion m D degnee volar flexion 
and 15° radial deviacion. 

Cases _ and 3 ere testimonials to 
the principle of doimg ar adequate in- 
cision ane draimag=. The initial lanc- 
ing of the weuns was act adequate in 
case 3, and would mot have been ade- 
quate in case 1. It ‘s interesting that 
Pseudomonas organisms grew from 
the tissue cultures m twe of the cases. 
By needle bicpsy w= heve diagnosed a 
Pseudomonas sponeylicis of the L1-2 
disk space in one crug aser. Pseudo- 
monas septicemia’ and asteomyelitis? 
in drug users have been reported. 

Evaluat»on of the patient should in- 
clude a reentgenorram to look for 
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soft tissue gas’ and underlying bone 
involvement. Tetanus toxoid and 
often tetanus antitoxins should be 
given to the addict, in particular to 
those who give themselves drugs sub- 
cutaneously. Cherubin‘ reported in 
these addicts a “tetanus syndrome,” 
despite previous tetanus immuniza- 
tion. Among postulated reasons for 
this are the high exposure rate due to 
frequent injections of contaminants 
and the use of quinine, a frequent 
heroin dilutant, which has been 
shown, experimentally, to facilitate 
the growth of Clostridium tetani. 


Volkmann Ischemia 


Two patients have had a classic 
Volkmann ischemia. 

CasE 1.—A 22-year-old man took six 
secobarbital (Seconal) orally and then in- 
jected heroin and neglected to remove the 
tourniquet. Approximately six hours after 
injection, a friend removed the tourniquet 
and permitted the patient to sleep. Two 
days later the patient came to the emer- 
gency room with a painful, swollen left 
arm. Carpal, volar, and dorsal fasciotomy 
was performed. The biopsy revealed focal 
areas of muscle necrosis. At two months 
postoperation, the limb is a classic picture 
of Volkmann ischemic contracture. 

Case 2.—A 20-year-old man took 20 
“reds” (secobarbital) in the evening. The 
following morning he was found in a can- 
yon behind his home. He had no abrasions, 
and roentgenograms of the swollen right 
arm showed no bone injury. Physical ex- 
amination, approximately 16 hours after 
ingestion, revealed a cool hand with absent 
radial and ulnar pulses and decreased sen- 
sation to pinprick. Passive extension of the 
fingers caused marked forearm pain. 
Through a curvilinear incision extending 
from the midpalmar flexion crease to just 
proximal to the elbow flexion crease, a 
volar and carpal fasciotomy was per- 





formed, which left a wound spread of 15 
em at the midforearm and reestablished 
the radial and ulnar pulses. The volar fas- 
ciotomy included deep and superficial 
muscle groups. The muscle appeared vi- 
able. The wound was left open and skin 
grafted ten days postsurgery. Subse- 
quently, the patient has had a complete re- 
turn of function. 


Reported causes of Volkmann con- 
tracture include pressure incurred in 
a drunken stupor. Lying on the limb 
results in direct pressure, venous ob- 
struction, and compromise of arterial 
flow, all proposed causes of Volkmann 
contracture.’ Following a period of 
tissue ischemia, a vicious cycle of fall- 
ing tissue pH, edema, loss of capillary 
wall integrity, extravasation of intra- 
vascular fluids, tissue death, and fur- 
ther edema develops. After five hours 
of tourniquet ischemia, Paletta et al’ 
observed in dogs a 40% increase in the 
circumference of the thigh (within 30 
minutes of tourniquet release) at the 
site of the tourniquet application. In 
a closed fascial compartment, the tis- 
sue edema may exceed the capillary 
pressure, resulting in persistent com- 
partment ischemia despite restora- 
tion of limb circulation and a palpable 
pulse. 

Irreversible changes in muscle af- 
ter four to eight hours have been re- 
ported by a number of authors,.’* Af- 
ter 12 to 18 hours of ischemia, a 50% 
chance of extremity death exists, ac- 
cording to Miller and Welch.” 

Schreiber’ reported eight cases of 
limbs swelling with muscle injury sec- 
ondary to the patient lying on the 
limb in a coma from 6 to 24 hours. Six 
of the eight had nerve damage. All 
cases had myoglobulinuria. He de- 
scribed the entity as a “crush syn- 
drome,” 


Bullous Skin Lesions 


We have seen bullae in the hands of 
two patients who presented comatose 
from barbiturate overdose. 


CASE 1.—A 21-year-old man overdosed on 
barbiturates and was admitted uncon- 
scious with a 0.4 mg/100 ml barbiturate 
level. On the thenar aspect of his right 
thumb was a 3-cm bullous lesion. Neuro- 
vascular examination was normal. The 
bullae were aspirated and healed without 
sear. 

CASE 2.—A 17-year-old man with a three- 
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year history of drug abuse ingested 20 
secobarbital. He was discovered by his 
friends, unconscious, on his bedroom floor 
approximately 12 hours after drug inges- 
tion. He was brought to the emergency 
room unconscious. The following day an or- 
thopedic consultation was requested. Ex- 
amination revealed a moderately swollen 
left hand with bullae formation. The bullae 
were located on the dorsum of the hand 
(Fig 2). There was a slightly raised area of 
erythema, extending from the index to the 
ring finger at the level of the metacar- 
pophalangeal joints. Wrist pulses and mo- 
tor function and sensation were normal. A 
clear straw-colored fluid was aspirated 
from the bullous lesions with an 18-gauge 
needle. Findings from examination of the 
left hand five months after drug ingestion 
were entirely normal. 

Bullous skin lesions in barbitu- 
rate overdoses have been well docu- 
mented." * Beveridge and Lawson" 
noted bullous lesions in 19 of 290 pa- 
tients suffering barbiturate intoxica- 
tion. With one exception, the lesions 
occurred within 24 hours of ingestion. 
The development of the lesions was 
characteristic: the first indication was 
a patch of faint erythema, which be- 
came slightly raised and had a well- 
defined margin. The bullae which de- 
veloped had moderately thick walls 
and were clearly defined. Around the 
margin there was erythema, but no 
evidence of marked tissue reaction. 
The bullae were tense and remained 
localized on pressure. When the roof 
of the bullae were opened and the 
pale yellow fibrinous fluid had been 
removed, this left a raw erythe- 
matous surface with areas of punc- 
tate erythema presumably corre- 
sponding to the dermal papillae. The 
appearance was comparable to that 
seen in a superficial burn, and the le- 
sion resolved in a similar way without 
scarring except where secondary in- 
fection occurred. 

Four of the patients described had 
large bullous lesions occurring on the 
dorsum and contiguous surfaces of 
the fingers. Results of subsequent pa- 
tient tests for allergy to barbiturates 
were normal. Histology of the le- 
sions“ revealed a complete necrosis of 
the eccrine sweat glands and subepi- 
dermal bullae. This is in contrast to 
friction blisters where blebs occur in 
mid- and upper-Malpighian layers 
leaving intact the stratum gran- 
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Fig 2.—Skin bullae two days after seco- 
barbital overdose. 


ulosum. The lesions have not been 
seen in overdoses of other medica- 
tions. They have been seen in carbon 
monoxide poisonings. It appears that 
a primary toxic action of the barbitu- 
rates on the epidermis, plus pressure, 
produce the characteristic lesions.'*-'" 


intra-arterial Injections 


CASE 1.—A 29-year-old man injected pen- 
tobarDital (Nembutal) into the volar radial 
aspect of his wrist three days prior to his 
admission. He had marked swelling of the 
radia. aspect of his hand. A diagnosis of a 
thenar abscess was made. The patient was 
taker. to the operating room, and the the- 
nar space was explored through a dorsal 
web space incision. No pus was encoun- 
tered. Postoperatively, a more detailed his- 
tory revealed that the patient experienced 
severe burning of his entire right hand im- 
mediately after the injection and that he 
had noted his thumb and index finger were 
dusky. A diagnosis of barbiturate endarte- 
ritis was made. The patient recovered 
fully. The history of immediate burning in 
a limb distal to the site of injection is very 
suggestive of an intra-arterial injection. 

CaSE 2.—A 42-year-old man came to the 
emergency room one day after injecting 
pentobarbital into the ulnar aspect of the 
volar surface of his right wrist. He experi- 
enced immediate burning of his hand after 
the injection. Physical examination re- 
vea.ed erythema and mild swelling of the 
ulnar three digits. Results of neurologic 
examination were normal. Radial, ulnar, 
and digital pulses were strong. The patient 
refused admission to the hospital and no 
follow-up is available. 

CASE 3.—A 35-year-old morphine addict 
of one year duration injected secobarbital 
into the dorsum of his left hand between 
his thumb and index finger. He experi- 
enced immediate numbness and tingling in 
his left hand and increasing pain. Eight 
hours after injection he had a swollen, cool, 
eyanotic left hand and was hospitalized. 





Fig 3.—Gangreme two months after intra- 
arterial secobarbital injection. 


Pulses were recorded: left radial pulse, 
weak; right, normal; left ulnar pulse, ab- 
sent; right, normal. Treatment consisted of 
intravenous administration of 5% ethyl al- 
cohol (50 ml/hr) 10% dextran 40 solution 
(30 ml/hr), and tolazoline (Priscoline) hy- 
drochloride (25 mg orally every six hours). 
This regimen was continued for ten days. 
At that time, the tips of the little and ring 
fingers were black and those of the long 
and index fingers cyanotic. The patient 
was discharged 15 days pestinjection to 
wait for the areas of gangrene to demar- 
cate. Two months postinjection the distal 
segment of the _ndex, long, ring, and little 
fingers were dry and black. A 0.5-cm area 
of erythematous tissue formed a transi- 
tional area between the dry gangrene and 
the normal tissue (Fig 3). Motor function 
was intact. A 14-mm, twe-point sensory 
discrimination was recorded on the volar 
surface at the base of the fingers. Wrist 
pulses were as follows: radial, normal; ul- 
nar, absent. Dwital pulses were weak but 
intact. 

The patient was scheduled for fingertip 
amputation, bat failed to report for sur- 
gery. 

Cases of gangrene secondary to in- 
tra-arterial injection of a multiplicity 
of drugs heve been reported. The 
drugs incluce promazine hydrochlo- 
ride (Sparine),'* dextroamphetamine 
sulfate,” pemtazocine (Talwin),?’ and 
barbiturates *'-*" Most of the animal 
studies on the mechanism of action 
are published in the anesthesiology 
literature and utilize thiopental 
(Thiopentone) sodium.**** 

Three prncipal explanations for 
the damage resulting from the intra- 
arterial injection of thiopental have 
been proposed: arterial blockage by 
precipitated acid crystals, chemical 
endarteritis,* and red blood cell 
(RBC) hemolysis, platelet aggrega- 
tion, and thrombosis.” Barbituric acid 
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is not readily selusle in water. So- 
dium barbiturate dissolves in water, 
forming an alkaline solution (pH 10 
to 11). Waters*® det 2rmined that at 37 
C with pH ef 7.4. the solubility of 
thiopental is only .2 mg/ml. The 
blood tow in the arm is of the order 
of 45 ml/min” IE tie rate of injection 
in the arm of a 2.5% solution of thio- 
pental exceeds | mi/nin, there would 
be precipitation. The injected mate- 
rial may alse be adulterated (lactose, 
quinine, and talcum powder are used 
to thin hercin'), mereasing the me- 
chanieal bloekage 3f vessels. 

Stone and Denrely,** in a review 
artiel2, emphasize] that am intense 
chemical endarter ts developed after 
the irjection of thiopental intra-arte- 
rially This is mot related to an alka- 
line pH.” The dep-h of penetration of 
the injury endothelial, subendothe- 
lial, or muscularis) appears to vary 
directly with the concentration of 
thiopental injected and with the indi- 
vidual’s susceptibility. All cases of 
gangrene secondary to intra-arterial 
injection of thiepenzal have been with 
a solution greater than 2.8% concen- 
tration. 

Brown et a” d2monstrated that 
0.75% solution of thiopental added to 
an equal amount of blood caused RBC 
hemolysis and platelet aggregation. 

Ne matter whet the inciting factor 
is (erystal biocscage, chemical en- 
darteritis, or direc chemical effect on 
RBCs and platelets), the result will be 
intravascular theambosis. The man- 
agement of tke iscnemia is, therefore, 
directed to prevent further intra- 
vaseular thrombosis. Kinmoth and 
Sheoherd “ demonstrated a decrease 
in necrosis in the rabbit pinna after 
intra-arterial injection of thiopental 
when the ammal was treated with 
heparin for twe to four days post- 
injection. Thowa Kinmoth found 
only a 30-seeord period of arterial 
spasm ater -lmopental injection, 
sympathetic derervation also de- 
creased the area of gangrene, pre- 
sumably due te an increased blood 
flow through -=` part which dis- 
couraged imr=erterial thrombosis. 
Mether and Goedhead,* using the 
Same expemmertal model (rabbit 
pinna), foun: no venefit from low mo- 
lecular weight dextran 40. 
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Invited Editorial Comment 


Br 
27 


The drug user, now a familiar figure in 
emergency rooms, is the bearer of multiple 
afflictions. Among these can be acute dis- 
ease of the hand. Dr. Daniel’s article 
serves well to help us recognize these con- 
ditions and treat them effectively. 

As he emphasizes, it is extremely impor- 
tant in the differential diagnosis of the 
acutely swollen hand to be aware of immi- 
nent ischemic contracture. The metacar- 
pophalangeal joints are extended, with the 
interphalangeal joints flexed in the “in- 
trinsic minus” position.’ Because the hand 
is very edematous, painful, tender, and 
frequently erythematous, the initial treat- 
ment may be for infection rather than for 
ischemia. Valuable time may be lost before 
an adequate release of the fascia can be 
performed. In that regard, it is crucial to 
decompress any compartment which may 
be under pressure: the intrinsic compart- 
ments, the carpal and Guyon tunnels, the 
dorsum of the hand and forearm, if neces- 
sary, and the palm as far distal as the dig- 
its or beyond, until good pulsations and cir- 
culation are achieved. Nonoperative 
procedures such as cervical sympathetic 
blocks and the administration of cortisone 
acetate and vasodilators are ineffectual 
and hazardous; their use delays definitive 
treatment. An occasional patient may have 
both infection and ischemia. In that situ- 
ation, as in most.emergencies of the ex- 
tremities, ensuring adequate blood supply 
should take precedence. This will also, of 
course, help the infection. 

And finally, there are drug abuse pa- 
tients who have simultaneous swelling of 
hands and feet on the basis of ischemia, 
Here again, early decompression is manda- 
tory. 

RoBERT M. GoLpwyn, MD 
Boston 
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Guest Editor’s Introduction 


dentifiable hazards in the surgi- 

cal environment are infection, 
power failure, electrical and mechani- 
cal malfunctions, flame, and explo- 
sion. Specialized methods or instru- 
ments, such as electrocautery, 
monitoring devices, x-ray and laser 
equipment, cryosurgery, and so on, 
each introduces new hazards as they 
interface with other potentially haz- 
ardous necessities of surgery, such as 
anesthesia. An additional hazard 
common to any hazardous environ- 
ment is the hazard of people them- 


selves, their functional integration 
with their environment, and the qual- 
ity of their work ethic. 

Most surgeons are aware that the 
ultimate determinants in the outcome 
of a surgical operation are surgical 
judgment and skill, and how the sur- 
gical team, the tools, and the environ- 
ment are coordinated. But few have 
more than a passing acquaintance 
with the hazards of the surgical envi- 
ronment. 

Books, manuals, and volumes of 
guidelines have, indeed, been written 


about all these hazards, but they are 
rarely seen by surgeons. In this sym- 
posium, an effort has been made, at 
the risk of oversimplification for the 
sake of brevity, to bring to the sur- 
geon current concepts of hazard con- 
trol in the surgical environment. Au- 
thoritative persons have attempted to 
summarize some of the methods of 
overcoming known problems, and to 
provide some insight into eontinuing 
problems. 

HAROLD LAUFMAN, MD PHD 

Guest Editor 


Surgical Hazard Control 


Effect of Architecture and Engineering 


Codes and guidelines for the construction 
and equipping of operating rooms are pro- 
vided by a variety of organizations and stan- 
dard-setting groups. Among these groups 
are national safety organizations, com- 
mittees of various interests in the building 
industry, and a number of federal agencies. 
These guidelines and suggestions are help- 
ful in operating room hazard control, but are 
occasionally contradictory. Current designs 


he effect of operating room ar- 

chitecture and engineering on 
the overall quality of surgical care 
does not lend itself readily to quanti- 
fication. Although the effects of archi- 
tecture and engineering on one or 
more specific hazards may be some- 
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of surgical suites generally follow a variant 
of four basic configurations with permuta- 
tions, among them: (1) single corridor, €2) 
clean core, (3) cluster, and (4) peripheral 
corridor. Practical results of a number of 
tests are applicable to the design of patient 
transfer areas, materials handling, avoid- 
ance of cross-contamination between pa- 
tients, air-handling systems and cabinetry. 


what easier to identify, one must re- 
main cautious about expecting archi- 
tects and engineers to design away 
surgical complications. To the extent 
that design helps or hinders surgical 
personnel in carrying out efficient 
care without great interference, or 
without running additional hazards, 
to that extent, design can be said to 
affect surgical care. This effect, then, 
is on overall efficiency and on the 
avoidance of specific hazards more 
than on a revolutionary design or de- 


vice. 

Integral to efficient surgical care 
are virtually all the supportive and 
diagnostic services in a hospital from 
housekeeping to laboratory, from 
nursing to x-ray, from communica- 
tion to mechanical maintenance. A 
set of operating room systems serves 
as a matrix to bring all these services 
and others to bear upon the quality of 
surgical patient care.' These systems 
have been described in previous publi- 
eations.2* The surgeon deludes him- 
self if he believes the operation be- 
gins with the incision and ends with 
skin sutures. If the surgeon must 
compromise his best judgment before, 
during, or after an operation because 
of faults in equipment, inaccessibility 
of necessary items, problems in com- 
munications, inefficient handling of 
materials, unconscionable delays, or 
human failure, he himself may not 
recognize his frustrations as an ex- 
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pression of a hezardeus environment, 
and may aceept-the s:tuation as an in- 
evitable exasparat.oa of performing 
surgery, only t=caase he is unaware 
of the fact thay mary of these prob- 
- lems warrant his attention. With 
proper attention, many of these prob- 
lems are remedab e. 

While it is true that small hospitals, 
or hospitals m whieh certain types of 
high-risk surge-y ere not performed, 
may present a somewhat simplified 
list of hazards Om eared to those of a 
large hospital cr me in which more 
sophisticated p-ecedures are carried 
out, all hospitas co present certain 
hazards in eoramen This fact has 
made it possible to develop and apply 
various cedes aad guidelines for haz- 
ard control in a! hospitals. 

Building and Equipment 
Standards ard Codes 

A number of zods and regulations 
have arisen in an effort to provide 
some guidelmes tiet might reduce 
the chances of operating room haz- 
ards as well as cther aospital hazards. 
The Natiena. Fre Protection Associ- 
ation (NFPA) ic an association with a 
membership drawn f-om such diverse 
groups as fire chiefs insurance peo- 
ple, manufactu-ers and distributors 
of devices and bailding materials, and 
a smaller represeatation from the 
professions imclading physicians, en- 
gineers, architets, end hospital ad- 
ministrators. Reeogmzing the unique 
hazards of hesptals, she NFPA has a 
committee on hesp2tels. 

Originally, the NFPA’s main con- 
cern in hospital. wae fire prevention. 
This involved aa irterest in building 
construction and mmoerials, electrical 
wiring, gas stomage, and ventilation. 
Ventilation of the operating room 
area soon was r=cozrized as possibly 
involving contre! cf airborne infec- 
tion. And so teday -he NFPA finds 
itself involved ia more than fire pro- 
tection by virtae əf the inevitable 
overlap of hospial systems. 

The NFPA ccies undergo periodic 
revision and e=pansion every few 
years. Today, tne NFPA codes are 
considered as lay in some 27 states, 
but remain only as guidelines in other 
states. Some stetes end large cities, 
such as New York save their own 
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electrical codes. Other variants are to 
be found in those of the Office of Ar- 
chitecture and Engineering, Health 
Care Facilities Service of the Public 
Health Service, among others. 

The National Electrical Code (NEC) 
is advisory to the NFPA whose sec- 
tion 76 is devoted to electrical sys- 
tems in hospitals. The guidebook of 
the Illuminating Engineering Society 
(IES) presents optimum specifica- 
tions for hospital illumination, inso- 
far as they are known. A number of 
medical specialty areas have their 
own code-making or guideline mecha- 
nisms, such as the National Council 
on Radiation Protection and Mea- 
surements (NCRP), the American So- 
ciety of Anesthesiologists, and others. 

The building and installation in- 
dustries and device manufacturers 
also attempt to control the quality of 
products used in and installed in hos- 
pitals. Some of these voluntary orga- 
nizations are the Health Industries 
Association (HIA), Association for 
the Advancement of Medical Instru- 
mentation (AAMI), the American 
National Standards Institute (ANSI), 
Underwriters’ Laboratories (UL), and 
so on. Virtually every industry has its 
associations and institutes, some of 
which are genuinely concerned with 
quality control, others primarily with 
commercial promotion. 

Because many gaps remain in the 
quality control of medical devices 
which the various industries have 
failed to fill on their own, the 
US Food and Drug Administration 
(FDA) has formed a Device Legisla- 
tion Branch that is presently engaged 
in formulating legislation similar to 
that being applied to drugs. Some ex- 
isting shortcomings in the quality 
control of devices manufactured for 
use in hospital surgical care include 
the use of proprietary (but not neces- 
sarily valid) tests for quality, inade- 
quate premarket testing, inadequate 
safety design, and unclear instruc- 
tions, among others. 

In acknowledgment of the need for 
better standards, there has been a re- 
cent flurry of activity in setting up 
federal standards committees to con- 
sider product quality and safety re- 
quirements, much of it duplicative in 
effort. Some of these are: Product 





Standards Section, National Bureau 
of Standards (NBS); Department of 
Commerce, publishers of Voluntary 
Product Standards; Bureau of Radio- 
logical Health, of the FDA, studying 
performance standards for radiation- 
providing electronic devices; Defense 
Standardization Program, Depart- 
ment of Defense, writing specifica- 
tions and standards for all medical 
devices used in the military services; 
Supply Service Division, Department 
of Medicine and Surgery, Veterans 
Administration, writing construction 
standards and standards for much of 
the VA’s medical equipment such as 
prosthetic, sensory and rehabilitation, 
and monitoring; Office of Standards 
and Quality Control, Federal Supply 
Service, General Services Adminis- 
tration (GSA), writing standards for 
all types of medical and hospital 
equipment; the Office of Equipment 
Consultation, Health Care Facilities 
Service (Hill-Burton), Health Services 
and Mental Health Administration of 
the Department of Health, Educa- 
tion, and Welfare (HEW), publishers 
of Equipment Consultative Notes, 
and American Society for Testing 
and Materials (ASTM), implantable 
materials. 

This profusion of codes, standards, 
and guidelines has led, inevitably, to 
some problems. In a number of in- 
stances, some of the existing codes 
and guidelines are antithetical even 
in the same code book, let alone þe- 
tween organizations. Contradictions 
and vagaries lead to problems in in- 
terpretation and may force architects 
and engineers into playing it safe by 
overequipping or overbuilding, on the 
one hand, or barely staying within a 
code’s minimum requirements for eco- 
nomic reasons, and thereby possibly 
running certain risks of hazard, on 
the other. 

Except for state or regional build- 
ing inspections that are by no means 
uniformly carried out in different re- 
gions of the United States, existing 
mechanisms are meager for checking 
out the functional safety of a surgical 
suite or other special care area of a 
hospital once it is completed and put 
into use. To this end, the Joint Com- 
mission on Accreditation of Hospitals 
(JCAH), a voluntary surveillance 
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agency for hospitals, intends to have 
available in the near future, a new set 
of guidelines relating to surgical ser- 
vices as well as other hospital ser- 
vices. The goals of such guidelines 
will be to provide operational and en- 
vironmental standards for a hospi- 
tal’s surgical service that can be 
checked out periodically by a visiting 
team of examiners. 


Architecture and the Infection Hazard 


A number of excellent monographs 
and educational pamphlets have been 
published that point out infection 
hazards and how to control them in 
the operating room and in the hospi- 
tal at large. Among them are those 
published by the Contagious Disease 
Control Center, an agency of the PHS 
in Atlanta,‘ the American Hospital 
Association,’ and by a number of in- 
dividual authors.’ These works are, 
for the most part, directed at nursing, 
housekeeping, and other support per- 
sonnel, and do not delve into the ar- 
chitectural and engineering aspects 
of nosocomial infection in any depth. 

From the architectural point of 
view, a number of design concepts 
have arisen that are directed at the 
control of surgical infection. Most 
planners of surgical suites acknowl- 
edge that people rather than things 
are the chief problem in the control 
of wound infection. Although both 
surgeons and planners agree that the 
environmental approach cannot be ig- 
nored, proof of the effects of archi- 
tecture on infection are almost impos- 
sible to obtain. 3 

An effort at developing traffic pat- 
terns that would separate “clean” 
from “dirty” traffic in a surgical suite 
has resulted in the architectural con- 
cepts known as the clean central core 
and the peripheral corridor. Although 
these concepts were experimented 
with by American architects since the 
late 1920s, British architects devel- 
oped them in the post-World War II 
years. In principle, these concepts 
were developed on the proposition 
that the site of the operation in the 
center of each operating room is con- 
sidered the cleanest spot, the periph- 
ery of the room less clean, the corri- 
dors of the surgical suite less clean, 
and so on, toward the periphery of the 
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suite. The central core of the suite 
serves as the supply center and, 
therefore, is cleanest of all. The clean 
core and inner corridors are desig- 
nated for use by clean traffic (pa- 
tients before elective clean oper- 
ations, as well as surgeons and nurses 
before operating), while the periph- 
eral corridors are designated for so- 
called dirty traffic (patients after 
Operation, as well as surgeons and 
nurses after operating). If the pa- 
tient is considered infected before op- 
eration, he is brought in and taken 
out of the operating room through the 
dirty corridors. 

A number of such suites were built 
and are now in use. Observations 
made in-them reveal that almost none 
is being used as planned.’ The exist- 
ing traffic pattern does not conform 
with the one conceived by the archi- 
tect. People tend to take the shortest 
distance between two points, rather 
than a roundabout way. Mereover, in 
those suites being used almost as 
planned, no notable reduction in in- 
fection rates has been observed over 
previous rates, or over other archi- 
tectural designs. The peripheral corri- 
dors, occupying thousands of square 
feet of otherwise valuable space, have 
become long storage halls for expen- 
sive floor-standing equipment that 
should have been accorded legitimate 
storage space inside the suite. 

While no one is willing to argue 
against the theory of the clean core 
concept, the actual use of such lay- 
outs, as with the peripheral corridor 
suites, does not usually fulfill the in- 
tent of their designers. The clean core 
in its pure form is intended to be an 
area of the surgical suite virtually as 
clean as any operating room, where 
only such clean activities as clean 
storage, instrument packing and au- 
toclaving are done, or that serves as 
a supply port for adjacent operating 
rooms. All traffic from this area is in- 
tended to be in the direction of the 
operating rooms and all traffic out of 
the operating rooms in the direction 
of the peripheral corridor. However, 
in practice, we observe that personnel 
working in the clean core area do not 
usually wear masks, and are not con- 
fined to the clean core. Clean storage 
in this area contains cartons often 


directly off the truck that delivered 
them to the hospital. In this area, 
short sleeves on personnel is the rule. 
The shedding of bacteria-carrying 
squamae from exposed skin is well 
documented. Of necessity, people go 
into and come out of the operating 
rooms into the clean core in the course 
of their work. This unavoidable activ- 
ity, plus the other abuses mentioned, 
give one pause to ponder the validity 
of the clean core concept, as well as to 
wonder about the absence of studies 
concerned with it. 

The architectural configurations of 
surgical suites fall into four cate- 
gories, each with variations: (1) the 
central corridor or hotel plan with “L” 
or “T” variations; (2) the double cen- 
tral corridor, multiple cerridors, or 
clean core plan; (3) the grouping, or 
cluster plan, and (4) the peripheral 
corridor, or ring, or race track plan. A 
partial or complete peripheral corri- 
dor may be designed for any of the 
plans. 

The fact that equally good surgery 
can be done in any of these suites at 
equally low risk, with equally good re- 
sults, provided the surgery is done 
well and is supported by efficient sup- 
port personnel who do not abuse their 
environment, may mean one of three 
things: (1) traffic patterns within the 
surgical suite are not important; (2) 
traffic patterns are important, but 
architects are not planning them re- 
alistically, or (3) current ideas on de- 
signing surgical suites and traffic pat- 
terns are in need of revision in 
concept. One is inclined to see a bit of 
truth in all three possibilities. 

Other efforts to prevent infection 
by architectural design include loca- 
tion of the suite, size and number of 
Operating rooms, choice of surfaces, 
design of a transfer and holding area, 
and the use of audio-video communi- 
cation in place of observation or con- 
sultation facilities within the suite. 


Location 


The surgical suite should be lo- 
cated to provide isolation from main 
streams of common corridor traffic. 


Size 


The size of operating rooms consid- 
ered optimal for most operations is 
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6.09 6.09 meters 29x20 ft) and 3.05 
meters (10 ft) high Although some 
procedures suen as those in oph- 
thalrology otolaryagology, and cys- 
toscopy car be den= comfortably in 
somewhat maler rooms, the prime 
requisite ofsize is that all maneuvers, 
including gowring and draping, as 
well as the circu_ation of personnel 
and use of =quipment, be done with- 
out the risk of contact contamination. 
For epen-bheart samery, because of 
the svace requirements of the extra- 
corporeal pamp, tae pump team, and 
other additonal people, a somewhat 
larger room is re@mmended, such as 
7.31*7.79 meters. (24x26 ft). How- 
ever, when the dimension of a room 
exceeds 9.0€ meters 30 ft), something 
is losz in efficiency. 

The number of operating rooms is 
relevant to hazard control only as it 
relates to tae economy of scheduling, 
housekeepizg pra:teces, and staffing. 
For most Losp:tais. the 5% formula 
works quite well. “t= number of oper- 
ating room. is 5% of the total number 
of surgical beds. Thus, for a hospital 
with 100 suegical seds occupied by all 
surgizal sf@cia ties combined, there 
should be fie or Sx operating rooms. 
Cystcscopy and eadoscopy rooms are 
additional. )verusee operating rooms 
run tre risl of pe*sennel fatigue and 
incomplete cleansing praetices. If 
many lengtny cperations are done, so 
that only ome eperacion per room per 
day ean be perfarmed, this will re- 
quire more rooms. Scheduling prac- 
tices also may na7e a bearing on in- 
fection hazard, essezially in terms of 
the type of case scneduled to follow 
another. It s no lomger deemed advis- 
able to set =side a reom for septic sur- 
gery. Current thinking considers ev- 
ery case petencialy, if not actually, 
infecced. Cleamup techniques have 
made such seperate, low-usage facil- 
ities unne-essarj. Nonetheless, on 
doctr naire grourds, an open-heart 
operation vould row be scheduled to 
follow the trainage of an abscess in 
the seme room if i- could be avoided. 


Suraces. 


In genezal, the harder and less 
porous the floer, walls, ceilings, and 
other surfases, the more bacteria-re- 
sistamt the surfaee will be, and the 
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easier it will be to clean. Tacky mats 
with replaceable sheets have been 
widely promoted and used in front of 
the doors leading to the surgical suite 
on the pretext that they prevent 
tracking in of dirt from common cor- 
ridors. Our test results have shown 
that these mats do not remove infec- 
tion, but, indeed, transfer tagged 
bacteria to new contacts. These find- 
ings are confirmed by Sal Lavie, PhD 
(unpublished data). Wet-mopping of 
hard-surface floors with a phenolic so- 
lution every several hours during the 
working day and wet-vacuuming at 
night is an unsurpassed method of 
keeping floors clean. 


Transfer Areas 


A transfer area is ordinarily con- 
sidered desirable. In this area, the pa- 
tient is transferred from the “out- 
side” cart to an “inside” cart, 
ostensibly to prevent the tracking of 
hospital dirt into the surgical suite. 
Although this practice is acknowl- 
edged to have theoretical validity, no 
hard evidence is available that traces 
surgical infections to the wheels of 
carts. Some costly devices are avail- 
able to carry out patient transfer, 
including mechanical transfer-board 
arrangements. However, the same 
procedure can be simply, effectively, 
and economically carried out at any 
counter-height barrier. Many hospi- 
tals continue to bring the hospital 
cart into the operating room and to 
transfer the patient directly to the 
operating table. No reported infec- 
tions thus far have been traced to this 
practice. 

A conference room, nurses’ offices, 
scheduling area, patient transfer 
area, holding and prep areas, ade- 
quate vestibular area and appropri- 
ately sized and located locker rooms 
and lounges are all considered essen- 
tial to an up-to-date surgical suite. 
All require significant square foot- 
age, but a good case can be made for 
them on the basis of hazard control 
alone. For example, at the entrance to 
a surgical suite, the frequent open- 
ings and closings of the doors to the 
common corridor or to a bank of ele- 
vators causes an inevitable influx of 
unfiltered air regardless of the pres- 
surizing of the air in the suite. For 


this reason, a well-ventilated, gener- 
ously proportioned vestibular space, 
preferably demarcated by a second 
set of doors, will permit appropriate 
dilution of airborne contamination 
and thus serve as a sort of airlock. 
Opening on this vestibular space are 
the offices mentioned above, transfer 
area, surgeons’ lockers, scheduling 
desk, and other spaces requiring an 
outside and inside interface. By such 
an arrangement, these spaces need 
not open directly to a common corri- 
dor. 


Audio-Video Consultation 


The frozen-section laboratory as 
part of the surgical suite is now con- 
sidered by some designers to be unde- 
sirable because it brings the patholo- 
gist into the surgical suite (Fig 1). 
The specimen to be examined may be 
delivered either by messenger or au- 
tomatically to the surgical pathology 
laboratory, from which the patholo- 
gist can be in direct communication 
with the surgeon by either audio or 
audiovideo communication. The sur- 
geon can actually examine the micro- 
scopic slide by video without leaving 
the operating table. Moreover, an ex- 
cellent audiovideo system, even in 
color, is a good deal less expensive 
than building, equipping, and main- 
taining a frozen-section laboratory in 
or next to the surgical suite. Surveil- 
lance of the activity in every oper- 
ating room also can be carried out 
from the desk of the operating room 
supervisor by television (Fig 2). 


Recovery-Intensive Care Unit Areas 


By virtue of bacteriological testing 
such as that of tracheostomy wounds, 
it has become apparent that recovery 
rooms and intensive care units as 
they exist in most hospitals are con- 
ducive to cross-infection. In these 
units, beds are often as close as 0.60 
meter (2 ft) from each other, some- 
times separated by cloth curtains, 
sometimes not. The airis poorly circu- 
lated and in some instances, stagnant 
and odoriferous. Attendants and 
nurses often go from patient to pa- 
tient, treating them without washing 
their own hands. Because of person- 
nel shortage or budgetary consid- 
erations, many recovery rooms oper- 
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Camera Fig 1.—Audiovisual communication system. Surgeon can actually 


if Microscope view microscopic section on his television screen. He can also view 
= x-ray films that remain in x-ray department. System keeps the pa- 
thologistout of operating room and obviates need for an on-site fro- 
zen-section laboratory. Moreover, with wide-angle television, oper- 
ating room supervisor can carry out surveillance of operating room 
activity from her desk. 
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Radiology 


ate under rules that close them down 
in late afternoon making it necessary 
for any emergency surgery patients 
or others operated on in the after- 
noon or evening to go directly to an 
intensive care unit, usually located 
some distance from the operating 
room, and, like its recovery room 
counterpart, designed with virtually 
no isolation between patients, thus 
exposing the vulnerable postopera- 
tive patient to patients with estab- 
lished or potential infections. Al- 
though many intensive care units 
have one or two isolation rooms, such 
rooms, when available, are usually in 
a distant, almost inaccessible part of 
the intensive care unit. Many recov- 
ery rooms have rules under which a 
patient with an infection, or one 
at whose operation pus was encoun- 
tered, is deprived of recovery room 
care, and is sent directly to a nursing 
floor, often with no special attention 
to isolation precautions. This latter 
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Operating Room Supervisor 


practice, which is the rule rather than 
the exception, is especially lamen- 
table because it is a direct result of 
poor recovery room planning and 
thoughtless architectural design. Yet, 
we, as surgeons, or at least our prede- 
cessors, must accept full responsi- 
bility for this blunder in design. The 
designers and planners do make an 
attempt to give us what we ask for. 

For these reasons and others re- 
lated to quality of patient care, recov- 
ery rooms are now being designed as 
an important component of the clean 
surgical suite.’ Adequate square foot- 
age is being allocated to permit the 
enclosure of every bed—with glass 
and metal walls and a foldaway front 
for every cubicle. A small handwash 
sink is built into every cubicle near its 
doorway. A minimum of 10.8 sq m 
(120 sq ft) is provided for every cu- 
bicle. An appropriate layout of the 
recovery room suite offers excellent 
vision of every patient, careful moni- 





Fig 2.—Operating room supervisor can switch from one room to 
the next by means of push buttons to view operating room activity 
and cleanup procedures. This system tends to improve efficiency. 


toring, access to every bed of all the 
usual lifesaving facilities and equip- 
ment. The air-handling character- 
istics, including ventilation, are as 
high grade as those of the operating 
room. 

The cubicle principle for all surgical 
special care areas, including recovery 
rooms and intensive care units, per- 
mits forward or backward isolation 
precautions to be carried out on any 
patient. None is deprived of special 
care. If clinical judgment dictates 
that a patient be kept in the recovery 
room for longer than a day, this can 
be done without fear of his tracheos- 
tomy becoming contaminated, or his 
draining wound endangering other 
patients. To those who would defend 
the open ward on the grounds that it 
provides more ready access to pa- 
tients in case of emergency, one can 
point out that the glass and metal cu- 
bicle not only provides better surveil- 
lance than opaque curtains, but if the 
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cubicle is built se that the entire front 
folds away, acœss. in case of emer- 


gency is virtualy unlimited for any - 


number of peeole and any kind of 
equipment, wih much less distur- 
bance to the ether patients in the 
unit. 


Air Handling 


Most conventional operating rooms 
are, or should be, ventilated by ef- 
ficient, well-meintaimed, bag-filtered 
or high-efficemey particulate air-fil- 
tered (HEPA) =ystems.’ The environ- 
ment of such operating rooms suffers 
only by abuse, but otherwise has been 
shown to be wirtwally as effectively 
clean as that ef @stly special cham- 
bers. Defective ar systems, on the 
other hand, may be considered haz- 
ardous under special circumstances.*® 

The signifieancs of airborne con- 
tamination asa cause of wound infec- 
tion has gone through several cycles 
of argument. Today’s concensus holds 
that airborne organisms assume im- 
portance in causing wound infections 
only when (1) an air-handling system 
is grossly contaminated, (2) when an 
otherwise e‘feetive air-handling sys- 
tem is abused or (3) in instances of 
highly specialized procedures in which 
a large foreign body is implanted. 
The latter pcint is still eontrover- 
giak ss 

Abuse of th= operating room envi- 
ronment by personnel includes such 
practices as leavimg a door cpen to the 
corridor during operative procedures, 
permitting unrestricted opening and 
closing of opera-ing room doors as 
people come and go,’ not covering 
long hair, sidebuens, or beards, and 
allowing technical, nursing, and anes- 
thesia~adminsstering personnel to cir- 
culate in and eut of operating rooms 
wearing short-sleeve shirt. No matter 
how particie-aree the air blown into a 
room, the biemarticulate matter that 
inevitably is eimeulated around the 
room is quancitatively in direct pro- 
portion to the number of people in the 
room, and the amount of exposed hair 
and skin. Sed particles tend to 
mount expon=ntially when excessive 
numbers of -mproperly cevered vis- 
itors are present, and when unneces- 
sary activity ef »eople occurs, includ- 
ing the flapping of drapes, towels and 
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gowns, and any other maneuver that 
may unsettle previously shed par- 
ticles from horizontal surfaces."® 

Attention is now being drawn to 
finding ways to prevent the shedding 
at its source. To this end, coverall 
gowns and hoods, some with active 
exhaust connections, are being devel- 
oped. Active research is also going 
forward on meaningful tests and the 
development of materials for drapes 
and gowns, both disposable and reus- 
able, in search of materials that are 
impervious to bacteria, absorbent to 
moisture, resistant to the stresses of 
stretch and pressure, relatively non- 
retentive of heat, and that are flame 
retardant, low in static, and economi- 
cal. Most materials now in use do not 
fulfill these requirements. 

Current PHS and NFPA code re- 
quirements for operating room air 
call for a minimum of 12 to 15 air 
changes per hour, positive pressure 
compared with corridors, tempera- 
tures between 18.3 and 23.8 C (65 and 
75 F), humidity of 50% to 55%, and, 
depending upon the locality, up to 
80% recirculation, with the use of ef- 
fective filtering. In some states, 100% 
outside air with no recirculation is 
still required. Recently, engineers are 
suggesting an upgrading of these re- 
quirements for new hospitals in 
which high-risk surgery is to be per- 
formed. They are specifying that air 
be supplied into the operating room 
through ceiling panels approximately 
(3.05 x 3.05 meters), directly over the 
operating table, at 18.00 meters/min 
(60 ft/min) face velocity, according to 
Kenneth L. Credle, PE (written com- 
munication, December 1972). This 
high-flow system delivers 180.00 cu 
m/min (6,000 cu ft/min) of air, and 
would result in 1% air changes/min, 
or 90/hr, in a room 6.096.09 meters 
and 3.05 meters high. When the air 
flow is this great, an important fea- 
ture is adequate exhaust that should 
be loeated on the walls above the 
baseboard, in order to maintain some 
directionality and prevent great tur- 
bulence. If the inflow is reduced to 
9.00 meters/min face velocity it will 
result in 45 air changes/hr, a figure 
considered highly satisfactory by 
many authorities. 

Our own investigations, carried out 





in collaboration with engineers and 
microbiologists, have convinced us 
that corridor air in a surgical suite 
should be every bit as clean as the air 
in the operating room. Indeed, we be- 
lieve that the air in the entire surgi- 
cal suite, including closets, storage 
areas, personnel areas and recovery 
room areas should be equally well-fil- 
tered and ventilated as air in the op- 
erating room.‘ | 

Several questions remain unan- 
swered with respect to laminar flow 
in the operating room. They relate 
largely to whether this method of dif- 
fusing air has any effect on infection 
control, and, indeed, whether it is 
relevant at all to hospital use. The 
term laminar is being applied or mis- 
applied to many types of unidirec- 
tional air-blowing systems, ranging 
from virtually any type of ceiling or 
wall diffuser to a variety of “curtain 
effect” air systems. The use of the 
term, erroneous though it may be, ap- 
pears to be here to stay.” So-called 
laminar flow can be delivered in a 
horizontal or a vertical direction. 
While there are proponents of each, 
neither has been shown to be superior 
to the other, or indeed, whether either 
is superior to nonlaminar flow. The 
British surgeon, Charnley,'*’® gave 
impetus to the promotion of laminar 
flow chambers by claiming that his 
reduction of wound infections follow- 
ing hip replacement operations from 
9% to 1% was due to the use of the 
chamber. Charnley’s critics point out 
that this improvement in results over 
the six-year study period could well 
have been the result of several other 
changes in technique that he em- 
ployed, including use of a coverall sur- 
gical gown, and a number of technical 
maneuvers. 

Most bacteria are in the 0.5 to 5.0u 
diameter range. Thus, if HEPA fil- 
tering is used, the first air down- 
stream from the filter is virtually bac- 
teria-free. However, HEPA-filtered 
air is often confused with laminar air 
flow. One is a filtering capability, the 
other a method of diffusion or distri- 
bution of air into a space in a more or 
less unidirectional manner. Thus, 
laminar flow may be imparted to air 
that is either filtered or unfiltered, 
and HEPA-filtered air can be deliv- 
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Fig 3.—Left, Plate culture taken from solid shelf, two hours after moist wipe with anti- 
septic detergent solution, begins to accumulate dust that contains bacteria. Right, Plate 
culture taken from wire shelving remains growth-free for up to 24 hours after cleansing. 


Fig 4.—Left, Operating room view of wall storage cabimet that is stocked from the out- 
side and used from the inside. Center, Showing use of cabinet from operating room side. 
Doors cannot be opened unless doors on opposite side are closed. Right, Showing wire 
shelving to permit circulation of clean air introduced tħrough multivent ceiling of cab- 
inet. Truck usually delivers supplies for one day or for one half day to operating room. 
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ered by aay -ype Dr size of diffusing 
method, lem tar or nonlaminar, high 
speed or ow speec. It must be re- 
memberec tat HPA filtering does 
nothing tc fier particles produced in 
the room; it merely produces almost 
particle-free rst sir as it leaves the 
diffuser. 

Althouga embiext bacterial counts 
can, indeel, æ reared by large-vol- 
ume unidzweciona airflow, no evi- 
dence has been presented to show 
that this dors has any effect on the 
incidence 3f surgral wound infec- 
tions, or wheher rnidirectional flow 
is or is næ saperier to a well-func- 
tioning, p-operily nstalled, conven- 
tional nonem nar system in this re- 
spect. Up ta tais time, evidence is not 
available te = ppar- these points. On 
the contrary, a number of American 
orthopedic surgeons who have per- 
formed thoass ds oœ hip replacement 
operations in «onvwentional operating 
rooms withsu> lamizar flow chambers 
report a combed two-year infection 
rate of 0.46% a figmre as low as or 
lower than s- repexted by surgeons 
with compar®le mimbers of oper- 


Architectare. and engineering de- 
sign affect aazard centrol of surgical 
facilities langd@v thmough their effect 
on efficiency ard on the execution of 
accepted disc lines that affect the 
quality of pet=nt esre. Although ar- 
chitects anc eagineers cannot be ex- 
pected to desigm away surgical com- 
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ations performed in laminar flow 


chambers.’’ Many other details of the 
problem including definitions, discus- 
sion of surgeons’ and engineers’ mis- 
conceptions, and other specific data 
are to be found in a recent review of 
the subject." 


Shelving and Cabinetry 
in the Surgical Suite 


Our observations have convinced us 
that all shelving in the surgical suite 
should be of the open-wire type (Fig 
3). Solid shelving readily accumulates 
dust, while wire shelving permits cir- 
culation of the air through it. Cul- 
tures taken from shelving in the sur- 
gical suite show rapid development of 
bacteria on solid shelves after clean- 
ing, but maintenance of no-growth 
cultures for days from wire shelves. 

Conventional closed cabinets, such 
as those in most operating rooms 
have the inherent drawbacks of hav- 
ing to be stocked from inside the 
room, and of readily accumulating 
dust on shelves. If the doors are kept 
shut, contact cultures of the shelves 
remain growth-free for longer peri- 


Conclusions 


plications such as wound infections, 
they can contribute to the control of 
surgical hazards by analyzing func- 
tional systems, defining needs, and 
designing the environment accord- 
ingly. In the relative absence of hard 
evidence to support a number of con- 
cepts and rituals, new and old, we 
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Illumination Hazard 


in the Operating Room 


William C. Beck, MD, Sayre, Pa, 
Robert F. Heimburger, MD, Indianapolis 


Lighting in the operating room presents a 
complex array of hazards from both too little 
and too much light in the surgeon’s view, as 
well as for the others who perform visual 
tasks. The relationship between the general 
lighting and the task lighting is assuming 
greater importance in the prevention of fa- 
tigue and in the elimination of some of the 
disability that may arise from glare. Fiberop- 
tic supplemental illumination may prove val- 
uable. At present, however, it entails certain 
problems of instability of equipment and 
possibly excessive delivery of light which is 
transformed into heat in the tissues. 


F is obvious that lighting of 
the operating room can be a haz- 
ard when the surgical task is not 
properly illuminated so that the oper- 
ation is not accomplished under good 
vision. But there are more subtle haz- 
ards to the surgeon’s accomplishment 
of his procedure than just a proper 
volume of light in the proper place. 
The light must be so directed that the 
surgical field does not appear flat, and 
that the recesses of the wound are ap- 
preciated in depth. This quality is 
known as molding. The light should 
be of a quality which will render nor- 
mal and pathologic coloring recogniz- 
able te the surgeon. Furthermore, the 
quantity of light should achieve a 
proper balance between the task and 


the surroundings. Disabling of un- 
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comfortable glare should be pre- 
vented. Each of these needs eval- 
uation with respect to the present 
state of the art and the possible prod- 
ucts of ongoing research aetivity. 

The basic engimeering principles in- 
volved, and the recommended meth- 
ods of evaluation are propounded 
in the JES Lighting Handbook of the 
Illuminating Engineering Society.’ 
The Committee for the Lighting of 
Health Care Faailities of this Society 
compiles these with respect to hospi- 
tals and operating rooms specifically 
and sponsors publications which up- 
date its findings and recommenda- 
tions. This committee also studies 
possible hazards such as those which 
might develop from improper equip- 
ment function. 


Light Quantity and Delivery 


The illumination of the surgeon’s 
task is the most difficult and probably 
the most important lighting problem 
in the hospital. “he actual quantity of 
light which reaches the surgeon’s ret- 
ina is determined by the relatively 
low reflectance of the exposed tissues 
and the high specular reflectance 
from shiny instruments and white 
sponges. The lght must reach this 
field from a veriety of directions if 
the sources originate behind the sur- 
geon’s head, in order to avoid shad- 
ows from heads and hands. 

The quantity of light which should 
be delivered and how it is to be mea- 
sured has beem determined. Specifi- 
cally, 2,500 foot-candles over the oper- 
ative field should create a pattern 10 
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inches in diam ezer. The exact dimen- 
sions of the patcern, as well as a test 
of shadow reduction, are defined in 
the JES Henok. This test involves 
an interferins disk interposed above 
a black tube representing the sur- 
geon’s head and a deep wound. The 
light in the eld can be measured 
with a steri probe which can be 
placed at any point in a wound (Fig 
1). 

The flexibil -y required of the beam 
direction is d=p2ndent upon the type 
of procedures that will be performed 
in the room amd the patient positions 
that the surg=en’s tasks require. For 
example, the lithotemy position ob- 
viously poses a different lighting 
problem than the widely open chest or 
the deep, sma! operture of a lumbar 
sympatheciory exposure. 

Second team activity may require 
secondary fied illumination. Double 
fixtures are, erefore, becoming the 
rule rather thar the exception. 

Flexibility 5 limited by codes such 
as the Natione! Fire Protection Asso- 
ciation’s (NF =A)? which require that 
no portion of 2ny lamp housing shall 
be less than = feet from the floor if 
used in a “ha#ardous anesthetic loca- 
tion” unless -he equipment is ren- 
dered expioson proof. Thus, most 
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Fig 1.—Foct-c=ndlie meter with sterile probe which can be placed 
into operative fie d at site of surgical task to measure quantity of in- 
cident light at tat point. Surgeon can then rate adequacy of light 
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room lighting and task lighting. Luminous ceiling contains fluores- 
cent fixtures capable of varying levels of general light. Incandescent 


spot lights can be employed to achieve varying quantities of local 
task lighting. Operating table contains specially designed psycho- 
logically oriented visual tasks to determine visual capabilities of sur- 
geon under varying lighting conditions. 


lighting fixtures which achieve ap- 
proval of the Underwriters Labora- 
tory and the NFPA are incapable of 
adequate flexibility. 


Task vs General Lighting 


The surgeon is not the only person 
in an operating room who must see. 
The anesthetist must be able to see 
his equipment to monitor the pa- 
tient’s safety, and often it is neces- 
sary for him to appraise the patient’s 
color. This may require sufficient 
lighting of the patient’s skin or vis- 
ability of exposed tissues. The scrub 


nurse must monitor her instruments 


and keep them clean. The circulating 
nurse must be able to carry out visual 
duties which may even require her to 
locate small dropped paraphernalia 
on the floor, such as needles. Other ac- 
tivities such as pump operation must 
be accommodated. 

Studies have revealed that eye and 
eventually physical fatigue result 
from excessive contrasts of light in- 
tensity. Reports from Barnes Hospi- 
tal’ have indicated that the level of 
the ambient light should be relative- 
ly hign. The Barnes Hospital group 
found that 300 or more foot-candles 
in the general room lighting was 
ideal. In a prototype operating room 


(Fig 2), Heimburger’ has confirmed 


this. The IES committee recommends © 


a capability of 200 ft-c but also ad- 
vises mechanisms for dimming. It is 
difficult to be arbitrary in defining 
the optimum general light levels as it 
is impossible presently to quantify 
the surgeon’s visual task or measure 
his production level. But years of im- 
proved production and decreased 
worker fatigue have been quantita- 
tively studied in industrial and office 
activity.’ Experiments to determine 
minima are presently under way at 
the University of Indiana and in a 
prototype operating room at the Mon- 
tefiore Hospital and Medical Center 
in New York. 


Light Color 


The color of the surgical light may 
be of importance. The nature of the 
illumination does render colors signif- 
icantly different. The appearance of a 
diseased bowel is different when seen 
in daylight, or in an incandescent 
light, or under different fluorescent 
media. Under some lights, tissues 
look redder (less yellow) than under 
others. Whether such differences are 
of practical importance is moot. Most 
of us prefer to see jaundiced sclera 
under northern, early-morning, cold 
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daylight, and cannot recognize it un- 
der warm incandescent light. But this 
may be an exceptional situation and 
may not be important in the oper- 
ating room. It could be significant in 
postanesthetic care and in other ex- 
amining areas where the appreciation 
of minor degrees of cyanosis is impor- 
tant. 


Glare 


A real but generally unappreciated 
hazard in operating room lighting is 
glare. It can be as disabling to the 
surgeon as it is to the driver of a car 
on a dark night who meets an oncom- 
ing car with full headlight exposure. 
This is an additional reason for reduc- 
ing the differences between the gen- 
eral and the task light in the oper- 
ating room. (Headlights turned on 
during the daytime rarely pose a vi- 
sual problem.) 

Lesser glare effects can also be a 
problem. They are often called dis- 
comfort glare. Body tissues usually 
reflect only 8% to 10% of the incident 
light but white sponges reflect 75% to 
80%, and retractors and instruments 
up to 90%. The very high level of sur- 
gical illumination combined with a 
high degree of reflectance does pro- 
duce glare. It can be reduced some- 
what by the use of a satin finish on 
the surgical instruments which is no 
more expensive than the glossy. Col- 
ored sponges would help, but manu- 
facturers do not feel economically jus- 


1. Illuminating Engineering Society: 
IES Lighting Handbook. Baltimore, Wa- 
verly Press, 1972, pp 12-16. 

2. Beck WC, et al: Surgical lighting: 
State of the art. Light Design Appl 2:49-52, 


1972. 
3. Standard for the Use of Inhalation 


Anesthetics, publication 72A. Boston, Na- 
tional Fire Protection Association, 1971, 
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tified in producing them. 

The use of polarized light in task 
lighting has not proven possible nor 
has the use of polarizing spectacles by 
the surgical team. The use of polariz- 
ing panels in the general lighting has, 
however, not yet been adequately 
evaluated; it might be of assistance in 
preventing glare if the surgeon or 
others should look upwards, and will 
also reduce reflected glare. 


Fiberoptics and Other 
Special Sources 


In the last few years fiberoptics 
have had-a new vogue and impetus. 
Enthusiastically advocated by some, 
they have been modified and im- 
proved so that several manufacturers 
produce units of stability and bundles 
capable of aseptic use. 

Fiberoptics have a very small light 
source and can be brought imto the 
surgical field aseptically. They do not 
interfere with air flow and are there- 
fore recommended in controlled ven- 
tilation operating rooms. They are 
also recommended for a supplemental 
source in deep small wounds. If they 
are floor mounted, they should be able 
to withstand a tilt of 20° without fall- 
ing and a lateral pressure of 11.3 kg. 
They should remain exactly where 
placed, and be capable of being di- 
rected so as to be unobstrusive to the 
vision of the surgeon and the assist- 
ants. The Health Facilities Com- 
mittee of IES is presently reviewing 


References 


para 241}c. 

4. How well does a surgeon see what he 
is doing. Illum Eng 62:654-659, 1967. 

5. Heimburger RF, Kimball PI, Schnit- 
ken NF. Experimental system affords bet- 
ter surgical lighting. Hospitals 42:18, 32, 
34, 1968. 

6. Bodman HW: Illuminating levels and 
visual performance. Int Light Rev 13:41-47, 


fiberoptic equipment from the stand- 
point of safety. While the end of the 
bundle may be co-.d, energy emanates 
from it and may be translated to heat 
at the site of impact of the light. This 
is probably more of a problem in en- 
doscopic equipmeat than in operative 
field illumination 


Collateral Hazards 


The problem of heat production in 
fiberoptics has been referred to. It is, 
of course, also a problem in mounted 
luminaires, whica is the technical 
term applied to am entire lighting fix- 
ture, lamp and housing. All produce 
heat. In many, the heat is diverted by 
special lenses so that it is directed 
laterally or upwards, rather than 
towards the patient. This creates an 
additional load for the air condi- 
tioning engineer who must see to its 
dissipation. It is also significant to 
those who are corcerned with airflow 
patterns in the control of airborne in- 
fection. 

Competition for overhead space is a 
hazard of operatimg room design. The 
x-ray unit, the airconditioning equip- 
ment, and photographic and tele- 
vision equipment all covet the space 
above the surgical field. Those who 
have tried to use fiberoptics alone 
have found them incapable, at pres- 
ent, of providing adequate illumina- 
tion for all procedures.’ Therefore, 
careful study is necessary to inte- 
grate these elements. 
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The eonvolutions of the intestinal tract are vital to 
thescigestive process. 


Wien aberrant small crooks of diverticulosis 
appen, they are most frequently found in the 
eolem. particularly the sigmoid. The reason for this 
is Lasnown. 


Wi=t is known is that in patients with divertic- 
ulc= s, regular, strain-free elimination is very 
des =bie. 


Meamucil®* provides it. 


A fr = matural vegetable powder 
tia i nonirritating to the diges- 
tvetract, Metamucil is taken with 
water, milk, fruit juice or other 
sui -æble liquid. An additional 
Glas of liquid is recommended. 
Meanucil mixes easily with the 
sto—ach contents and holds 
watr -o provide a smooth, pliant 
bul= that is both soothing and 
gery stimulating to the diges- 
tve tract. This bulk encourages 
nor—el peristalsis and elimina- 
tior. Strong laxatives are best 
anc jed. 
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METAMUCIL® 


Directions for Mixing: 

Metamucil® powder 

brand of psyllium hydrophilic mucilloid 

Supplied in 7-ounce and 14-ounce containers 

|. Add one rounded teaspoonful of Metamucil powder to an or- 
dinary water glass of cool water, milk, fruit juice or other liquid. 
2. Stir briskly until thoroughly mixed. 

3. Drink immediately. An additional glass 
of water is helpful. Each dose furnishes a 
negligible amount of sodium and about 
14 calories. 


Instant Mix Metamucil® 
Supplied in cartons of 16 and 30 single 
dose packets 


1. Pour contents of one packet into a water 
glass and fill slowly with cool water. 


2. Drink immediately. An additional glass 
of liquid is helpful. Each dose furnishes 
about 0.25 Gm. of sodium and about 
3 calories. 


—_ 
SEARLE| Searle Laboratories 


Division of G. D. Searle & Co. Chicago 
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An Electrically Safe 
Surgical Environment 


William H. L. Lernette, MD, JD, Cleveland 


The simple pirysical laws that govern the 
flow of electrical current are explained so 
that the reader cam understand the vital im- 
portance of prececting against microshock 
whereby a current as small as 0.1 ma can 
cause ventricule” “ibrillation. Nine concrete 
instructions tor insuring the safe electrical 
environment are preseated and the legal 
complications discussed. 


n recent rears Amerieans have 
become imereasingly ecnscious of 
environmental >roblems. The interest 
has spurred 2gislative accion at all 
levels of gowernment, including, in 
1970, the ‘ederal enactment of the 
Williams-Stezer Occupaticnal Safety 
and Health se*.’ To be administered 
by the Depar-ment of Labor, the act 
covers all rongovernmental busi- 
nesses and institutions, including 
hospitals. Waie state occupancies 
and institutiens are not specifically 
covered now, each state is required by 
federal law te draft comparable regu- 
lations of its «wn within a certain pe- 
riod of time. f a given staze does not 
do so, provisions of the Wil iams-Stei- 
ger Act will apply automatically. By 
presidential proclamation, federal 
installations are included within the 
scope of the act. Li has been said, 
somewhat faetitiousiy, that the vari- 
ous safety regulations (many of 
which were adopted as standards 
many years azə by the National Fire 
Protection Association (NFPA) but 
were either mot adopted locally or, if 
adopted, not enforced) have entered 
the building by the employee’s en- 
trance. The fundamental intent of 
the Williams-Steiger Act is to protect 
employees. I: is abvious. however, 


that in the case of the hospital or 
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nursing home the safe environment 
provided by the act will benefit pa- 
tients and visitors as well as employ- 
ees, 

We will focus on one particular 
type of environmental hazard, that 
created by electricity, discussing this 
hazard as it relates to the use and 
abuse of electricity and electrically 
powered equipment, and offering sug- 
gestions for augmention protection 
by the creation of a truly electrically 
safe environment. One of the hazards 
of the electrically unsafe environ- 
ment is the ignition of a flammable or 
combustible substance. We will con- 
sider some of the problems of fire 
safety in the operating suite, and the 
methods of mitigating the dangers 
created thereby. 


The Need for Electrical Power 


Many electrically-powered services 
and items of equipment are essential 
adjuvants to the surgeon of today. 
Surgical science has become so depen- 
dent on this equipment that the mod- 
ern hospital and its staff face the risk 
of becoming servants of electricity 
rather than its master (Fig 1). 

A safe electrical environment im- 
plies safety for all persons exposed to 
that environment. Since the electrical 
power required by modern surgical 
and anesthesia techniques is for func- 
tions (Table 1), many of which are es- 
sential, it is obvious that this supply 
of electricity must be either uninter- 
ruptable or capable of restoration 
within seconds if the prime source is 
interrupted. Practically all hospitals 
purchase their electrical power from 
utility companies. In some larger in- 
stitutions, arrangements are made 
with the utility company to supply 
power from two separate substations. 
Thus, a failure in one substation will 
not interrupt the power to the hospi- 
tal. Unfortunately, as epitomized by 





the great New England power black- 
out the generating station itself may 
fail. Hence, in spite of parallel substa- 
tion supplies, it is desirable that a 
generator be located on the premises, 
together with a source of on-site 
energy, to supply certain essential’ 
hospital functions. Generally, this 
source of energy constitutes a diesel 
engine coupled with an electrical gen- 
erator. The engine is activated auto- 
matically by failure of the prime 
source of power. Provisions also are 
made for the automatic transfer from 
off-site power to the standby gener- 
ator power source. Specifications for 
the generator transfer switches, and 
services supplied are outlined in 
NFPA standard 76A.° The avail- 
ability of such uninterruptable elec- 
trical power helps provide a major 
(but not the total) portion of the safe 
electrical environment of the hospi- 
tal. 


The Use of Electricity 


Of perhaps far greater concern in 
the establishment of a safe electrical 
environment, however, is the pre- 
vention of electrical shock in patients 
and personnel. (Prevention of igni- 
tion of a flammable or combustible 
substance, and the prevention of 
thermal injuries from stray high fre- 
quency currents generated by the 
electrosurgical apparatus, are also 
important to the safe environment, 
and are discussed below.) The safe 
electrical environment of the hospital 
operating room is discussed in NFPA 
standard 56A.* The causes and haz- 
ards of electrical shock are related to 
the behavior of electricity itself. 

Electricity.—Electricity consists of 
electrical current flowing through a 
conductor. The current itself is made 
up of electrons dislodged from the 
outer shell of the atoms comprising 


that conductor. Aluminum and copper 


make good conductors. The electrons 
in the outer shells of these atoms are 
dislodged readily. Resistance, which is 
related reciprocally to conductance, is 
low. Carbon, on the other hand, is a 
relatively poor conductor; the resist- 
ance posed by carbon is much higher. 
Rubber has such high resistance to 
the passage of electrical current (elec- 
trons in the outer shell being held 
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Servant or 


very tightly) that it is considered an 
insulator. 

Ohm’s Law.—The current passing 
through an electrical circuit is related 
mathematically to the resistance 
within the circuit and voltage applied 
to it. This relationship is expressed in 
Ohm’s law: E = I x Ror I = E/R 
when E = voltage in volts; I = cur- 
rent in amperes; and R = resistance 
in ohms. One volt will drive a current 
of one ampere through a resistance of 
one ohm. This principle is similar to 
the physical laws which govern the 
flow of water through the nozzle of a 
hose. Flow (amperage) is directly pro- 
portional to the water pressure (volt- 
age) and inversely proportional to the 
resistance created by the nozzle. 

Ohm’s law is useful in under- 
standing the pathogenesis and patho- 
logical manifestations of the effects 
of the accidental passage of electrical 
current through the body. It is also 
applicable in the development of tech- 
niques for protecting man from such 
effects. Electrical current will flow 
through the tissues of the body quite 
readily (Fig 2). Extracellular and in- 
tracellular fluids contain a plethora of 
ions. These fluids act as an electrolyte 
which offers little resistance to the 
passage of current. Once the current 
enters the body (dry, intact skin does 
possess a relatively high resistance), 
the severity of the harmful effect in 
general is directly proportional to the 
intensity of the current. Given the 
same voltage (eg, 115 volts) it is pos- 
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Fig 1.—Modern hospitals have become quize dependent on electri- 
cal power and equipment it operates. Properly used, electricity is a 
servant of those who use it. But, it does have capabilities of becom- 
ing master if it or its equipment is abused or misused. (Reddy Kilo- 
watt is a registered service mark of Reddy Kilowatt, Inc, and is used 


Master 


circuit. 


= Macroshock 


sible to reduce the likelihood ef harm 
by introducing an element containing 
a high resistance into the “unin- 
tentiona]” circuit (which accidently 
includes a human body). Thus, even 
though the measured voltage may be 
115, the current which will fiow will 
be insufficient to cause a pathological 
effect. 

Pathological Effects.—Electrical cur- 
rent may cause a variety of efects on 
the body depending on the type of 
current (ie, direct current [DE] or al- 
ternating current [AC]), Es fre- 
quency if AC, its intensity, and the 
structures through which it passes. 
Practically all electrical equipment 
employed in the operating and recov- 
ery room is powered by 60 hertz cur- 
rent, the standard frequency supplied 
by all utility companies in the United 
States. A current of this frequency is 
the most likely cause of injuries to pa- 
tients or personnel if an electrical de- 
fect or other problem develops during 
the use of such equipment. (Current in 
the radio frequency range, 65€ kHz to 
5 mHz, as generated by the hgh fre- 
quency electrosurgical unit, behaves 
somewhat differently, as discussed 
below.) Table 2, adopted from Brun- 
ner’s review article,’ summarizes the 
effects of 60 Hz current, of varying 
intensity, when passed for one second 
through the thoracic cage. 

The dry, intact skin poses a high re- 
sistance to the passage of electrical 
current (see Table 3). Hence acciden- 
tal contact with a source of 115 volt 60 


Conventional Circuit 





under license by many electric utility companies.) 


Fig 2.—Propensity of conventional electrical circuit in producing 
macroshock, and inherent safety of proper y maintained isolated 


Isolated Circuit 
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Hz current would not be expected to 
produce ventricular fibrillation. If the 
skin is moist, however, resistance 
falls markedly. The proper appli- 
cation of electrode paste has an even 
more dramatic effect in lowering this 
resistance. If electrical current of a 
potential of as lit=le as 50 volts is ac- 
cidentally introduced across the trunk 
(from, for examp.e, a defective elec- 
trocardiograph) ventricular fibrilla- 
tion will ensue. 

Macroshock vs Microshock.—Ad- 
verse effects produced by electrical 
current in the miliampere range are 
called macroshock. They may be in- 
duced by the impression of stray elec- 
trical currents tzrough the thorax 
flowing between electrical conductors 
in contact with the surface of the 
skin. As the current passes through 
the thorax, it is diffused and only a 
small portion of it passes directly 
through the heart Thus, a significant 
current, in the range of 0.1 amp, must 
be impressed across the thorax to 
cause ventricular fibrillation (Fig 3). 

It has been shewn, however, that 
very small amoun:s of current, in the 
range of 100 microamperes (0.1 ma), 
also can cause vestricular fibrillation 
if concentrated in the vicinity of the 
heart. This type of adverse electrical 
effect is called necroshock. Patients 
who have externa.ized conductors for 
cardiac pacemakers, or who have 
catheters conta ning electrolytes 
placed within one of the chambers of 
the heart or in its immediate vicinity, 
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Table 1—=tctrically Op2rated 
Equipraent and Services 


Ventilation arz air conditioning 
illumination, general and spo? 
Communications and alarm ecuipment 


Diagnostic eeuipment 
Endoscopy equipment 
Iluminatica devices 
Monitoring 2quipment 
Radiograpfit equipment and view 
boxes 


Therapeutic equipment 

Blood war: ing equipment 

Electrosurgical equipment 

Gas anestf=sia apparatus with 
heated “aporizers 

Hypertherraie and hypothe-mia 
apparates 

Operating microscepes 

Pump-oxyg@=tors 

Saw, drills dermabrasion units 





are vulnerabE to microshock. Volt- 


ages in the magnitude of 1 mv, which 
can cause mic~eshock, may De induced 
in a variety of ways. For example, the 
ground termmals of two electrical 
outlets locatee remotely from one an- 
other may be az a difference in elec- 
trical potential of several millivolts in 
spite of the fact that- both are 
grounded (Fig <). If an eleetrocardio- 
graph is plugged into one of these 
outlets, a lix=operated pacemaker 
into the other, and both instruments 
connected to = patient, microshock 
conceivably cead oceur, even though 
both instruments might have been in 
good operating condition. The current 
would pass from the ground terminal 
through the »acemaker to the pace- 
maker condustor to the heart and 
leave the boey by the ground elec- 
trode of the eeetrocardiograph. Fault 
currents of smail magnitude also may 
be induced in e ectrically op2rated syr- 
inges used tə push contrast media 
into the hear= or great vessels. The 
fault current may be carried through 
the electrolyte contained in the cathe- 
ter to reach tæ vicinity of the heart. 
The circuit m=r be completed by the 
patient being in contact with any 
grounded electrode, equipment, furni- 
ture, or hosptal personnel 

Various teknical committees of 
the NFPA, among ethers, have been 
studying the aazards of mieroshock as 
well as macrashock, and developing 
methods of mtigating the hazards 
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Table 2.—Effects of 60 Hz Current 


intensity 
(amp) 
0.01 
0.0 6 
Up *o 0.050 


Effect of Passage of Current of One Second’s 
Duration Through the Trunk 


Threshold of perception; ‘‘tingling’’ sensation 
Skeletal muscle spasm; inability to release grip 
Pain; exhaustion; possible fainting, mechanical injury; 


transient spastic interruption of respirations 


0.1202 
6.0 Dr more 


Ventricular fibrillation 
Sustained myocardial contraction followed by 


normal sinus rhythm; temporary respiratory 
paralysis; thermal injury if area of contact with 





electrical conductor is small 





Table 3.—Relationship of Ohm’s Law to 
the Electrical Environment of the Hospital 


Electrical Risk 
Environment Class’ 


Resistance 
(ohms) 


Current 
(amp) 


Voltage 
(volts) 


Dry skin, clothing 0,000 110 0.001 


Most skin 
Eleetrode paste 2 
Implanted cardiac 

@ectrode 3 


* Minimal fibrillating current. 


associated therewith. These efforts 
culminated in the preparation of a 
manuel,’ which delineated the prob- 
lem cf microshock and listed its 
causes It defined the patient who had 
such an exteriorized conductor as 
being an “electrically sensitive pa- 
tient.” The manual recommended 
that sach a patient be cared for only 
in a hespital area especially designed 
to preclude the accidental trans- 
missian of stray electrical currents to 
the e2xteriorized conductor, and 
thence to the heart. This area, de- 
signee as an electrically susceptible 
patiert location, was to be equipped 
with an isolated power supply (one 
for eazh patient) together with a line 
isolatōn monitor and an equipoten- 
tial g-ounding system. All electrical 
outlets supplying equipment for a 
given patient would be clustered, and 
fed from that isolation transformer. 
The line isolation monitor continually 
monitored both lines of the patient 
power circuit for isolation from 
ground. The equipotential grounding 
system placed all electrical equipment 
and all other metallic objects (such as 
furniture) which might be touched by 
the patient or those treating him at 
exactly the same ground potential. 
The publication of NFPA manual 
76B-M’ in 1971 created considerable 


1 10 
2 1,000 110 





0.11* 
500 50 0.1* 


10 0.001 0.0001* 


controversy. It was alleged that there 
were other, less expensive ways to 
prevent microshock. The manual did, 
however, place the problem of micro- 
shock in sharp focus, and make hospi- 
tal personnel acutely aware of this 
hazard and its causes. The material 
contained in this manual has been re- 
vised extensively. At the annual 
meeting of the NFPA, St. Louis, May 
14-18, 1973, the revised version was 
adopted* as a tentative standard and 
the manual has been dropped. (The 
NFPA publishes codes, standards, 
manuals, and recommended practices. 
A manual is primarially advisory and 
educational in nature. In contrast, a 
standard contains required practices 
as well as recommended ones. A ten- 
tative standard is issued with the in- 
tent that its contents be reviewed by 
all persons potentially affected 
thereby, but that its provisions re- 
main tentative for at least one year.) 
This new publication places patients 
in three risk categories: 

Risk class 1: Patients who have no 
intentional contact with electrodes; 
ambulatory patients, many bed pa- 
tients with minimal contact with 
electrical appliances. 

Risk class 2: Patients, ambulatory 
and nonambulatory, subject to diag- 
nostic or therapeutic procedures in- 
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Fig 3.—Macroshock vs microshock. 


volving electrical appliances. 

Risk class 3: Patients with external- 
ized conductors, diagnostic catheters, 
or other direct electrical contact with 
the conduction system of the heart. 

The hazards created by the electri- 
cal environment increase with each 
risk class (see also Table 3). The pro- 
tection recommended for each cate- 
gory of patient must increase in a 
somewhat parallel fashion. The de- 
tails of such protection are discussed 
below. 

The High-Frequency Electrosurgical 
Unit.—High-frequency electrosurgical 
equipment is employed almost rou- 
tinely. Apparatus of this type con- 
tains an oscillator which generates al- 
ternating current in the radio 
frequency range—750 kHz for coag- 
ulation and 0.5 to 1.0 mHz for cutting. 
The special hazards of this equipment 
are specifically related to the behavior 
of high-frequency current. Current of 
this frequency behaves somewhat dif- 
ferently than 60 Hz current. It does 
not cause ventricular fibrillation even 
if it passes through the myocardium 
(Fig 5). It produces its coagulating 
and cutting effects by concentration 
at the tip of the active electrode. The 
heat generated (A) is directly pro- 
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adjacent ground conductor 







grounding there 
is no difference in 


potential and no danger 
to risk class 3 patient 
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Induced EMF can be transmitted 
between equipment grounded to 
remotely located outlets, and 
pass sufficient current through 
heart of risk class 3 patient 

to cause ventricular fibrillation 


Current-carrying conductors 
radiate an electromagnetic field 
"4 which induces an EMF on 
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Fig 4.—Because of electromagnetic radiation from parallel power-carrying wires, a small 
but significant difference in potential can be induced in the ground wire. This difference 
varies in direct proportion to load placed on circuit and amperage of current carried therein. 
There can be no difference in potential between ground terminals of outlets which are clus- 
tered and receive their power at one point. This clustering is called equipotential grounding. 


EMF indicates electromotive force. 


portional to the square of the current 
(I) and inversely proportional to the 
area (A) through which the current 
passes: 


A= Iz 


The dispersive electrode (ground 
plate) is of large size. Thus, the cur- 
rent leaves the body through a rela- 
tive large area of skin; the current is 
not concentrated, and its heating ef- 
fect is limited to the point of its en- 
trance into the body at the active 
electrode—the fulgurating or cutting 
tip (Fig 5). 

If the dispersive electrode is in un- 
even contact with the skin (for ex- 
ample, in contact with a bony promi- 
nence) the current may leave the 
body through a small area and cause a 
severe burn at this point (Fig 6). 

A defective connection between the 
dispersive electrode and the electro- 
surgical unit may allow the current to 
leave the patient’s body via other 
pathways which are conductive to the 
operating room floor, or otherwise 
grounded. For example, it may enter 
the bodies of members of the oper- 
ating team, the conductive hoses of 
the gas anesthesia apparatus, or the 
lead plates of the electrocardiograph. 


The surgeon may be shoeked and 
even burned. A burn may oceur on the 
patient’s skin at the site of the elec- 
trocardiographic ground plate. Since 
the ‘high-frequency current tends to 
pass around the surface of the body 
rather than directly through it, it 
readily leaves the body through unin- 
tentional pathways if the intended 
path (the dispersive electrode) is im- 
properly connected to the apparatus. 

Even if properly grounded, the 
high-frequency cautery is not an un- 
mixed blessing. Its application pre- 
cludes for all practical purposes the 
administration of flammable (but oth- 
erwise safe and nontoxic) inhalation 
anesthetic agents such as cyclopro- 
pane. The current interferes with 
electrocardiographic monitoring, and 
may set fire to residual solution used 
to prepare the skin. 


Fire and Explosion Hazards 


No discussion of the safe surgical 
environment would be complete with- 
out mention of the harzards of fire 
and explosion. The use of flammable 
anesthetic agents (eg, cyclopropane, 
ether, vinyl ether) together with oxy- 
gen or oxygen-nitrous oxide creates 
an explosive mixture. The steps re- 
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Fig 5.—Proper application of ground plate. High-fsequency cur- 
rent is concentrated at the point in contact with the active electrode. 
A portion of th scurrent passes around the surface of ‘he body (not 
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shown). It is diffused as it leaves the body through thedarge surface 
of the properly apliec dispersive (ground) electrode. 


quired to prec uce ignition of such an- 
esthetic atmmosokeres are detailed by 
the NFPA m s-andard 56 A.‘ Since 
electrically powerec equipment poses 
a significamt source of ignition 
energy, the seqLirements for electri- 
cal safety ame 2xtensive. 

With the adweat ef the almost uni- 
versal applieat.on of the electrocau- 
tery, cyclopropane and diethyl ether 
have fallen into disuse. (An ex- 
tremely unforcamate state of affairs, 
since halothame, the widely used sub- 
stitute, has Peen ineriminated in the 
production o° =~ere toxic hepatitis.) 
The Commitsee on Hospitals of the 
NFPA has recognized this change in 
practice and hes introduced the con- 
cept of the moffammable anesthetiz- 
ing location Oartain anti-ignition 
precautions recuired for the (tradi- 
tional) flammcels anesthetizing loca- 
tion no longer are mandatory. For ex- 
ample, conductive fleoring, explosion- 
proof electrical f-xtures installed be- 
low the 5-foet level, and explosion- 
proof portabl ecuipment are not re- 
quired in the nonfiammable anesthe- 
tizing locatien Æ word of caution is 
in order, how=v2n. Once an operating 
room is construsted without these 
safety features jtammable anesthet- 
ics can never bə safely administered 
in that location. 


The Safe Electical Environment 


In the estanliskment of a safe elec- 
trical environment, all possible 
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sources of injury—direct and indi- 
rect—rom electrical current, or its 
outage, must be identified and meth- 
ods taken to eliminate the source or 
otherwise mitigate the danger it 
poses. Personnel as well as patients 
must de considered. 

1. an uninterruptible power supply 
must be provided for equipment and 
services essential to operating suite 
functwn. It is obvious that a patient 
may he inflicted with a serious, poten- 
tially fatal injury if the power to any 
essen ial equipment or function fails 
at a critical time during an operative 
procedure.’ 

2. The power supply must be iso- 
lated and equipped with a ground 
fault detector. The isolated power 
supply prevents macroshock should 
any member of the operating team or 
the patient form a conductive path- 
way between a grounded piece of fur- 
niture or equipment or the floor and 
one o the conductors of the power 
line. The isolated circuit contains an 
isolation floor and one of the conduc- 
tors af the power line. The isolated 
circuit also contains an_ isolation 
transformer (no electrical connection 
between the primary and secondary 
windiags) which isolates both conduc- 
tors fom ground (see Fig 2). The de- 
tector monitors the true isolation of 
each cf these conductors.‘ Personnel 
wearing conductive shoes or standing 
on a wet floor will not suffer electrical 
shock f they contact either conductor 


Fig 6.—Improper application of ground plate. If contact with dis- 
persive electrode is uneven, current will be concentrated as it leaves — 
body, causing a burn at this point. 


of a properly functioning isolated cir- 
cuit. 

3. The electrical equipment itself 
should contain an isolated power sup- 
ply. The isolated power supply is a 
fundamental improvement in instru- 
ment design. Formerly, the electronic 
circuits used the instrument chassis 
as a ground, and components were 
electrically coupled to it. The isolated 
supply delivers energy to the instru- 
ment network without any electrical 
connection to the chassis. In consid- 
ering the purchase of new equipment 
for the hospital, and especially for the 
operating suite and critical care 
areas, one should specify devices with 
an isolated power supply. 

4. The equipment must be eval- 
uated from a systems standpoint, to 
assure operational integrity and 
functional adequacy. This step is an 
important one. High cost and a glow- 
ing sales appeal do not necessarily en- 
sure that the equipment being pur- 
chased will fit the exact needs of the 
hospital. The hospital’s biomedical en- 
gineering cepartment, if one is avail- 
able, should serve on equipment com- 
mittees, and advise on all major 
purchases. 

5. All equipment must be grounded 
to the electrical service outlet. The 
need for proper grounding stems 


from the desirability of preventing 


stray currents, which might leak to 
the chassis of the instrument from a 
defect in its circuitry, from entering 
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the patient’s body if the body is 
grounded to the chassis. The patient 
must also be protected from any in- 
traelectrode leakage currents gener- 
ated within the instrument. Proper 
grounding will conduct these currents 
safely from the instrument. It will 
also activate the ground fault de- 
tector alarm. 

_ 6. All equipment must be in good 
operating condition. This require- 
ment is obvious. The desirability of 
expert in-house maintenance, or of 
procuring a preventive maintenance 
contract with the manufacturer or 
some other organization with exper- 
tise, is discussed elsewhere.’ Many 
surgeons and anesthesiologists con- 
sider themselves gadgeteers, and as 
such become self-styled experts in in- 
strument repair. It is far prefera- 
ble to hire an outside individual or 
firm with the proper equipment and 
knowledge to service and repair mod- 
ern medical instruments. These de- 
vices are complicated. They deserve 
the best of care if they are to function 
properly, especially in the hospital 
setting. 

7. Grounding of unequal potential 
must be avoided. A difference in elec- 
trical potential in the millivolt range 
can exist between the ground termi- 
nals of two widely separated power 
outlets. This difference is induced in 
the third ground wire during its 
travel through the conduit adjacent 
to the current-carrying conductors. 
The difference is sufficient to allow a 
current in the microampere range to 
flow between the chassis or ground 
leads of any items of equipment 
themselves properly grounded to the 
electrical outlets (see Fig 4). If both 
items of equipment are connected to 
electrical outlets which are clustered 
and afford equipotential grounding,” 
no difference in potential can exist; 
hence, no current of even micro- 
ampere strength can flow. 

8. Care must be taken to prevent 
the simultaneous use of two items of 
equipment which are electrically in- 
compatible with each other. One item 
of equipment may contain a fault in 
its circuit which generates a small 
leakage current in its chassis. If that 
chassis is grounded, (as it properly 
should be) the current will enter the 
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Fig 7.—Loose connection between dis- 
persive electrode and cable connecting it to 
electrosurgical apparatus allowed high-fre- 
quency current to leave patient's body 
through electrocardiographic lead plate on 
patient's left shoulder (lead IIl was being 
monitored). Current caused electrolysis of 
excess electrode paste around periphera of 
electrode, and patient received deep chem- 
ical burns of skin. 


ground circuit. A very small current, 
insufficient to operate the ground 
fault detector, then may leak through 
the ground conductor of another in- 
strument, such as a line-operated 
pacemaker, enter the myocardium of 
a risk class 3 patient, and induce ven- 
tricular fibrillation. It is highly im- 
portant that all items of equipment 
be thoroughly checked for the pres- 
ence of any potential between either 
side of the line and the chassis. Even 
a few millivolts potential can cause 
fatal microshock. 

9. Whenever the high-frequency 
electrocautery is employed, appropri- 
ate precautions must be taken to pre- 
clude the passage of high frequency 
current to any conductor intention- 
ally or unintentionally connected to 
the patient." The high-frequency 
current will produce local heating of 
any tissues through which it passes in 
high intensity. The dispersive elec- 
trode must be of ample size and be 
securely connected electrically to the 
apparatus to avoid the possibility of 
the current exiting the body through 
a small area, such as a grounded ear 
oximeter” or an electrocardiograph 
lead (Fig 7). The integrity of the con- 
nection of the dispersive electrode 
should be checked before the oper- 
ative procedure. It must be checked 


whenever the surgeon requests a 
greater power setting of the electro- 
surgical apparatus than he cus- 
tomarily requires. The electrosurgical 
apparatus must never be used without 
the dispensive electrode. 

10. Suitable precautions must be 
taken to prevent the ignition of flam- 
mable anesthetic agents or flam- 
mable preparations used to prepare 
the skin. For a fire or explosion to oc- 
cur, an oxidizing agent (air, oxygen, 
or oxygen-nitrous oxide), a flam- 
mable substance (eg, cyclopropane), 
and a source of ignition must come 
together. Safety revolves about elimi- 
nation of either the flammable sub- 
stance or the source of ignition. Many 
operating personnel forget that some 
fluids used for skin preparation con- 
tain flammable solvents. The vapors 
of such solvents must be allowed to 
evaporate thoroughly before the 
drapes are applied. These vapors can 
pocket beneath the drapes, be ignited 
by the electrocautery, and cause a se- 
rious fire. 


Legal Implications 


As the medical use of electrically 
powered equipment has proliferated, 
so has its harm-producing potential. 
A patient or a member of the oper- 
ating team may be injured. Consid- 
ering the present medical-legal cli- 
mate in this country, there is strong 
likelihood that, given a burn, electri- 
cal shock, or fire with residual effects, 
the patient or next of kin will at least 
seek the counsel of a lawyer. Litiga- 
tion probably will follow if there is 
significant injury or the residual ef- 
fect is prolonged or permanent. The 
injured plaintiff will sue the hospital, 
physician, or both, alleging negli- 
gence. In proof of negligence, the 
plaintiff must introduce evidence of 
the standard of care, how the defend- 
ant’s practice departed from that 
standard, the patient’s injury, and 
causation” (ie, the departure caused 
the injury). (If the injury is of a kind 
which obviously could not have oc- 
curred in the absence of the negli- 
gence of someone, the plaintiff may 
invoke the doctrine of res ipsa loqui- 
tur; the manner of proof would be 
different, but the final outcome proba- 
bly would be the same.) When consid- 
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ering injuries which migh= have been 
caused by the electrical environment, 
a major pre>.em for physicians and 
hospital persomnel concerms a defini- 
tion of the sandard of care. What is 
the standare of care in the selection 
and appli-afion ef these devices? To 
what extent-do publications, as those 
of the NFP &, establish the standard 
of care? Couk they be introduced into 
a court of lam as evidence to support 
the plaint ff= claim? Questions such 
as these Eave been troubling physi- 
cians, hogpiztal administrators, and 
their lega cezmsels. While it is diffi- 
cult to pinso® = answers beeause facts 
in individeal =ses differ widely, cer- 
tain genéral@ations may be made. 

Standards »* the NFPA become a 
part of the National Fire Codes. This 
ten-volume -=t is republished an- 
nually, in th= late summer. It con- 
tains all of the standards cited in this 
artidle.*™ +7- Each new ecition con- 
tains all new-standards and revisions 
adopted at tk= annual meeting of the 
NFPA in Ma~ cf the same year. As a 
publicatiom w~ch is national in scope 
and a ger=rally aceepted source of 
safety information, the National Fire 
Codes wouÑ earry significant eviden- 
tial value. Pertinent stancards con- 
tained within =1ese codes cculd be in- 
troduced inte evidence tc indicate 
what is cussomary practice. If an acci- 
dent occurs = spital accredited by 
the Joint Cor mission on Accredita- 
tion of Hospitals, those NFPA stan- 
dards referen 2d by the Acereditation 
Manual" would carry evem greater 
weight. The m=portance of adhering 
to the requwements of the joint com- 
mission in themrevention of accidents 
has been underscored in at least one 
landmark ease (the Darlmg deci- 
sion’). 

A given NE=A standard probably 
would not, n =nd of itself, establish 
the standard sf care. But the intro- 
duction of tae standard into evidence, 
supported by =stimony from one or 
more expers, would create a signifi- 
cant burderm fer the opposing counsel 
to overcome 

The hospi-al in which an employee 
is injured faces a problem totally dif- 
ferent from a vil action for negli- 
gence. The )eupational Safety and 
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Heal’ h Act? mandates that safe envi- 
ronnents be provided for the Ameri- 
can worker, including those in hospi- 
tals. The act has incorporated by 
reference many NFPA standards. At 
the tame of this writing NFPA stan- 
dard 56A‘ has not been so adopted. 
Such adoption is certainly a possi- 
bility however. 

If <n employee is injured by an un- 
safe eondition which could have been 
made safe by adherence to the provi- 
sions of the act, stiff penalties may be 
leviec on the employer. Those respon- 
sible 7or safety in the hospital, and 
especially in the hospital operating 
room, would do well to verify the 
safety of the environment, and estab- 
lish a continuing accident prevention 
program. 


Comment 


Practically all items of equipment 
and services powered by electricity 
are essential to the function of the 
modern operating room. Electricity is 
an invaluable servant. It must not, 
however, become the master (Fig 1). 
The elctrical environment is a per- 
manert part of the hospital; it must 
and cen be a safe environment. The 
safe electrical environment is 
achievad by first understanding all of 
the pcetential hazards of electricity 
and diectrical equipment.” ®:10:1?:18-29 
Armeé with this knowledge, hospital 
personnel then will be in a position to 
establish such an environment. They 
may č so by adopting intelligent 
purchasing practices and sound main- 
tenance procedures to which the laws 
of electricity and good common sense 
are apolied. The environment which 
they create will be electrically safe 
for bosh themselves and their pa- 
tients. “Where life safety is the 
thing, something is not better than 
nothing if the something is not the 
very best tool to do the job with max- 
imum neliability.”’° 
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In surgical procedures, who hasnt wished 
for a third hand at times? Something to 
make the going easier when so much 
demands your attention. Kimlon® 
nN surgical drapes can make a 
contribution. Built-in adhesive strips 


allow the option of positioning the 
fenestration precisely, at a fingers touch. A 
@@@ unique foam-film laminate surrounding the 
fenestration resists instrument slippage; 









Jbsorbs fluic run-off, tones down the glare 
of operating ights: And virtually eliminates 
strike-through. One other clear advantage 
3f Kimion dis>osable drapes: in each case 
ou are the frst and only user in their life. For 
sompilete infarmation, ask to have your 
<imberly-Cic-k representative visit you. 
hone (414) 2 29-1212...or write Kimlon 
Surgical Parcs, Kimberly-Clark Corporation, 
Neenah, WI 54956, Dept. A 





we believe that surgical 
drapes should be the last 
thing on your mind 
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Kimberly-Clark Corporation 


Kimlor Brand Health Care Products 


Kimion is a registered trademark of Kimberly-Clark Corporation 
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Golden microbicidal lather of BETADINE SURGICAL SCRUB 
for optimal preoperative skin degerming—Selected by NASA 
for decontamination procedures in Apollo 11/12/14 
Splashdowns, BETADINE SURGICAL SCRUB offers unique 
advantages for preoperative degerming of the skin of your 
patients. It kills bacteria (both gram-positive and gram- 
negative), fungi, viruses, protozoa and yeasts. It is fully micro- 
bicidal with each application—there is no waiting fora 
gradual antibacterial buildup. 


Enhance antisepsis with BETADINE SOLUTION or BETADINE 
AEROSOL SPRAY — After prepping the operative site with BETADINE 
SURGICAL SCRUB, paint with BETADINE SOLUTION or spray with 
BETADINE AEROSOL SPRAY. Both are fully microbicidal, film-forming, 
exert longer microbicidal action than iodine tincture, and maintain gem 
microbicidal action in the presence of blood, pus, serum or necrotic | 
tissue. The site of application can be bandaged or taped. 







To help prevent postoperative infection—Reapply BETADINE A s 
SOLUTION or BETADINE AEROSOL SPRAY after suturing tea pint 
and during redressing. BETADINE microbicides are virtually Pome so 
nonirritating and do not stain skin or natural fabrics. In the rare peck 


instance of local irritation or sensitivity to BETADINE SURGICAL 
SCRUB, discontinue use in the individual. 
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Modern Radiology in the Operating Room 


George Berci, MD, Richard Steckel, MD, Los Angeles 


This is an exposition of the nodern ad- 
vances in x-ray g=nerators and tubes, image 
amplifiers, television and roll-film cameras, 
electronic image sterage and display de- 
vices, and x-ray “ables. There is a large gap 
between the serviees offered by these ad- 
vances and theis application to most oper- 
ating room suis. Specific recommenda- 
tions are made fer equipment far small and 
large hospitals wt specific illustrations and 
their surgical applications. The authors 
maintain that, despite the cost of the equip- 
ment, consideralile savings can be realized 
from improved anc more rapid services. 
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o walk into an operating room 
(or) during a cholecystectomy 
and see the surgeons waiting im- 
patiently for an x-ray film is not un- 
common. When the wet film finally 
arrives, one hears occasionally, “I 
can’t see the distal end of the duct”... 
“What is this shadow?” or... “Oh no, 
the hepatic segment isn’t visible.” If 
the radiologist is present to interpret 
the findings, he is sometimes unhappy 
about the information available and 
prefers to ask for a repeat film before 
committing himself. This means that 
the procedure has to be started over 
again. In urologic practice, similar 
comments in the cystoscopy room 
during retrograde pyelography are 
not unusual. In orthopedic surgery, in 
particular, an enormous amount of 
time may be wasted waiting for in- 
traoperative films. Lateral views may 
cause the greatest difficulties. Self- 
developing films do not solve the 
problem; the film quality may leave 
much to be desired, and radiation dos- 
age is not decreased. 

Surgical procedures requiring in- 
traoperative radiological assistance, 
as performed in a hospital with 150 to 
200 surgical beds and with general 
surgery, orthopedic, and urologic ser- 
vices, are significant in number. Sup- 
portive equipment in the fields of car- 
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diac surgery, intensive care, and 
others have been upgraded, but little 
attention has been paid to this impor- 
tant component of everyday surgical 
patient care—fitting out the oper- 
ating room with modern radiological 
equipment. If an active emergency 
room service is also at hand, the prob- 
lems involved are even more complex. 

Let us first briefly review the major 
recent developments in diagnostic ra- 
diology. One must have these achieve- 
ments clearly in mind to understand 
our present shortcomings and to 
point the direction for immediate im- 
provement in radiological operating 
room equipment. 

X-ray Generators.—Much more pow- 
erful generators are now available 
(single and three-phase) resulting in 
a shorter x-ray exposure time and 
sharper pictures, with the elimination 
of disturbing movements (respira- 
tion, peristalsis, and aortic pulsation). 
Automatic exposure control devices 
obviate repetition of films because of 
under- or overexposure. 

X-ray Tubes.—Shock-proof tubes with 
higher load capacities (kv and ma) are 
available. Capability for rapid, pulsed 
firing facilitates serial angiographic 
techniques. Finer focal spots improve 
the image quality, both in fluoroscopy 
and in roentgenography. 

Image Amplifiers.—The invention of 
the image amplifier’ revolutionized 
diagnostic radiology. This has been 
the key for progress in the majority 
of new radiological special procedures 
introduced in the past 20 years. In es- 
sence it is a vacuum tube. The input 
area (25.4, 22.8, or 15.2 cm [10, 9, or 6 
inches] in diameter) is a fluoroscopic 
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Fig 1.—Schematic diagram of an image amplifier: T, x-ray tube; 
IS, input screen; OS, output screen. Invisible x-ray beam (XB) is con- 
verted on output screen to a visible image. It can be seen by naked 
eye or with television camera coupled to amplifier (televised fluoros- 
copy), on a TV monitor. 





Fig 2.—Diagram of image amplifier: IS, input screen; OS, output 
screen; BS, beam splitter; TV, television camera; C, monitor and 70- 
mm film camera. Image from output screen can be directed via 
beam splitter into TV camera or onto a 70 x 70-mm small-format 








DIRECT 





Fig 3.—Left, With use of direct television fluoroscopy, continuous 
radiation is required to see x-ray (fluoroscopic) image on TV screen. 
If x-ray energy is switched off, image from TV screen disappears. 
Right, If storage device (IST) is used, only one thirtieth or one six- 
tieth of a second exposure time from fluoroscopic output is re- 
quired, and image is held for further inspection—without radiation— 
on TV screen. Because of extremely short fluoroscopic exposures, 
drastic reduction of radiation dosage results. 





film. 


screen that lies in contact with a pho- 
tocathode. When the x-ray beam 
passes this screen it fluoresces, and 
the fluorescent light sets electrons 
free from the adjacent photocathode; 
the electron image is reproduced at 
the other end of the amplifier tube on 
its output screen, in the form of a 
small bright picture (Fig 1). In other 
words, the invisible x-ray beams pass- 
ing through the body are converted 
into a bright, minified optical image 
on the output screen of the image am- 
plifier. The main features and advan- 
tages are: (1) potential reduction in 
the radiation required, and (2) the im- 
mediate availability of a bright, vis- 
ible image without the necessity for 
dark adaptation. 

The image amplifier tubes have un- 
dergone significant improvements re- 
cently with respect to resolution, con- 
trast, and amplification or gain. 

Television.—The output screen of the 
image amplifier is coupled to a tele- 
vision camera, and the fluoroscopic 
image is seen in daylight on a 35.5- or 
43.1-cm (14- or 17-inch) screen (Fig 2). 
The television image can also be 
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viewed simultaneously by several ob- 
servers, if required, in completely 
separate locations.’ 

Small Format 7070-mm Roll Film 
Cameras.—Instead of inserting a film 
cassette, an image amplifier is placed 
beneath the patient. At the output 
screen, a remote controlled beam 
splitter directs the image into the 
television camera and into a 70x 70- 
mm 6.35 X 6.35-em (2% x 24-inch) film 
camera (Fig 2). These small films can 
be exposed at will or programmed in 
the form of serial exposures (6 or 12 
frames/sec). The uptake magazine 
can be removed easily after individ- 
ual exposures and the procedure con- 
tinued without the necessity of re- 
placing or reloading the film holder 
magazine. This version of small-for- 
mat film, exposed through the image 
amplifier, has replaced conventional 
films for many applications.** Re- 
duced radiation dose, ease of process- 
ing, greater convenience for serial ex- 
posures, and economy of storage for 
the smaller films are some of the de- 
sirable features. 

Instantaneous Electronic Image Stor- 


age and Display.—° Videotape (Perma- 
nent Storage).-Tape is useful for 
studying function, peristaltic move- 
ments, and dye injections. There is 
some loss in image quality compared 
with the original TV image or 70-mm 
films. Immediate playback capability 
(no film processing required) is a big 
plus. 

Magnetic or Videodisk (Instan- 
taneous and Temporary Storage).—*™ 
The videodisk unit can be used to 
store and replay consecutive fluoro- 
scopic pictures (still frames), up to 600 
frames, or moving fluoroscopic events 
can be recorded for short periods of 
time (10 to 20 seconds). The latter can 
be replayed in slow motion, if desired. 
Again there is a slight degradation of 
image quality. A previously stored x- 
ray image can also be retrieved for 
direct comparison with a recently 
stored image. 

Electronic Charge Storage 
Tubes.—"* The storage tube has the 
capability for storing only a single x- 
ray image ordinarily, but the quality 
of the TV playback image may be 
better with the newest tubes when 
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compared wita the magnetic video- 
disk. Seleecte parts of the stored im- 
age can be œ arged electronically on 
the television display tube (Fig 3). 

Special X-zay Tables.—The complex- 
ity of certzm angiographic proce- 
dures made i: necessary to design 
special x-ray tables to be moved eas- 
ily in a coordinate fashion (forwards 
and backwamis, and side-to-side) dur- 
ing the actual fluøroscopie procedure, 
facilitating = quick overal view of a 
larger area than the size of the input 
screen of th image amplifier would 
otherwise alow. 


Summary 3f Radiological Progress 


Diagnostic Xadielogy (Improved Pa- 
tient Care)._1a the past 15 years, 
enormous stmices have been achieved 
in general, naure- and coronary angi- 
ography, anc specialized radiological 
studies in toe gastrointestinal and 
urinary tracts, but only with the 
availability 3f new inventions and 
modern equi»ment. 

What Are the Main Adventages? 

1. With the use of image ampli- 
fication, the ~adiatien dose to patient 
and professienal personne is signifi- 
cantly reduced. compared z0 old-fash- 
ioned fluoros=9o0y. 

2. Image =mplification, with tele- 
vision viewing. eliminated the need 
for dark adap-ation and provided im- 
proved condi ens for detziled obser- 
vation and op: mal spot fi_ming. 

3. The in:coduction’ cf routine 
cineangiograaty beeame possible. 

4. Smal-format spot film tech- 
niques (70 mm» er serial films taken 
through the mnage amplifier, also re- 
duced the racietion dosage. 

5. Electrome x-ray image storage 
and instant-meous replay became 


possible. 
Comparisom With Surgieal Radiol- 
ogy.—Diagnostic radiology has 


achieved a breakthrough, but what 
has happenec m the same period of 
time to radimegy in the operating 
room? We hawe to admit that surgical 
radiology is legging far behind tech- 
nological progress. The time has come 
now to consicer meaningfal ways to 
eliminate euidky this underdeveloped 
enclave of sitgical practice. It is 
doubly impor-ant that surgeons be 
made aware 3f already existing ra- 
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diological systems that can be used 
immediately in the operating room 
and that would significantly assist 
them and, hence, the patient. 

If an x-ray film is taken of an obese 
patient’s hip in a well-equipped x-ray 
department, and one compares these 
films (contrast, detail) with another 
taken in the average OR, one will eas- 
ily see the difference in quality. An- 
other good example might be the 
postoperative T-tube study per- 
formed in the x-ray department vs an 
intraoperative cholangiogram, with 
respect to film quality and x-ray dos- 
age. The same x-ray procedure on the 
same patient, performed in the same 
institution but in different locations, 
now often gives very different re- 
sults. 

How Can We Achieve an Improve- 
ment Now in Operating Room Radiol- 
ogy?—The surgeon and the radiologist 
have to accept the new concept of a 
specialized discipline of surgical radi- 
ology and be convinced that the above 
shortcomings in performance can and 
must be eliminated quickly. Every in- 
stallation of new apparatus of course 
means a significant capital invest- 
ment, but one with potentially great 
returns in improved patient care. 
In addition, the consequences of 
inefficient results from present por- 
table x-ray apparatus in the OR, and 
the resulting waste of time that 
might be converted into dollars with 
improved x-ray services, should help 
to convince hospital administrators of 
the need to purchase or lease modern 
equipment. is 

If we are able to reduce the actual 
operating time by eliminating the 
waiting period for intraoperative x- 
ray films, or the need to repeat films 
because of poor quality or inadequate 
information, this will increase the 
surgical turnover rate with improved 
utilization both of existing space and 
OR personnel. With our present spi- 
raling hourly costs for operating 
rooms, this could lead to remarkable 
savings and in itself justify the in- 
vestment. 

Present Status of Equipment Avail- 
able for Surgical Radiology.—X-ray 
Generators and Tubes.—In the over- 
whelming majority of OR suites, only 
portable (mobile) x-ray machines are 


now in use. The operational perform- 
ance of these small (200 to 300 ma 
maximum) units is limited and far 
from optimal for the task at hand. 
Longer exposure times than neces- 
sary result in unsharp films. After 
wheeling a portable unit into a me- 
dium-sized OR, the obstruction to 
traffic may be considerable, and 
storage of the equipment in the corri- 
dor is a problem (Fig 4). The distance 
between the tube, the main bulk of 
the machine, and the sterile field may 


be dangerously small. In orthopedic — 


surgery or neurosurgery, if bi-plane 
filming is required, a “street direc- 
tory” is required practically to accom- 
plish the task of placing x-ray equip- 
ment and personnel around the 
operating table. The x-ray tubes on 
the portable machines are often 
small, self-rectifying, and equipped 
with a fixed anode and a relatively 
large focal spot; as such they may be 
unsuitable for use with image ampli- 
fication. A very few institutions have 
arranged for the fixed installation of 
larger generators and ceiling-sus- 
pended x-ray tubes in their operating 
suites, but these are sometimes left- 
over items originally located in the x- 
ray department and capable only of 
standard (or substandard) roentgen- 
ography. 

Image Amplification: Its Advantages 
in Surgery.—The more extensive use of 
image amplification in surgery is not 
yet well known or generally accepted. 
A few hospitals have purchased small 
(15.2- or 17.7-em [6- or 7-inch]) mobile 
C-arm image amplifiers with tele- 
vision for use in the operating room 
(Fig 5). These units were designed 
primarily for orthopedic surgery, for- 
eign body localization, and catheter 
placements. These C-arm units can be 
moved from an anterior to a lateral 
position keeping the image amplifier 
tube and the x-ray tube aligned. Be- 
cause of the weight, however, x-ray 
tube sources and generators are kept 
small in size. This of course restricts 
x-ray output in fluoroscopy (max- 
imum: 95 kv at 3 ma). In roentgen- 
ography (single films), relatively long 
exposures have to be used. The C-arm 
can be covered with a sterile sleeve, 
but it is cumbersome to move from 
the anterior to the lateral position. In 
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Fig 4.—Standard portable x-ray machine: 
Space-occupying and cumbersome. For a 
cholangiogram, long exposures (one half 
to one second) are required with large ra- 
diation dosages. Disturbing movements (res- 
piration, peristalsis, transmitted aortic 
pulsations) are a problem. With modern ra- 
diological technology, one-thirtieth-second 
exposure suffices, and 70-mm film is ex- 
posed through image amplifier, with signifi- 
cant reduction in radiation. 





intramedullary fixation procedures it 
may be difficult to use the small (15.2- 
to 17.7-cm) amplifier to follow the 
progress of the nail with the pertable 
machine. 

For biliary surgery, the mobile C- 
arm unit is bulky and close to the 
sterile area, and the capacity of the x- 
ray tube is too small. The size of the 
field covered by the small amplifier 
input screen is only 15.2 or 17.7 cm 
(which is in reality 12.7 em [5 imch] or 
15.2 cm because of the object-to- 
screen distance) and is too small for 
operative cholangiography. 

However, the C-arm mobile image 
amplifier with TV fluoroscopy does 
have some potential for orthopedic 
surgery, and its utility is emhanced 
with the combination of a single-im- 
age storage tube. It can be useful also 
in the emergency rooms for fracture 
manipulation, in foreign body local- 
ization, and in transvenous eardiac 
pacemaker placement. 


Radiolucent Operating Tables 


Orthopedic Surgery.—The manufac- 
turers of orthopedic operating tables 
recognized the need for intraopera- 
tive image amplification early, and 


Fig 5.—Mobile 17.7-cm image amplifier mounted on C-arm opposite x-ray tube has poten- 
tial with single-image storage device for applications in emergency room for fracture manip- 
ulations, foreign body removals, and catheter placements. Film cassette can be placed in 
front of input screen but long exposures are required because of small x-ray tube. 
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there already are suitable domes- 
tically produced tables available. 

General Surgery.—The situation 
here is somewhat different. There 
have been no general surgery tables 
available with radiolucent tops. Many 
surgeons therefore designed their 
own wooden “tunnel” for insertion of 
a cassette under the patient during 
operative cholangiography. There are 
in fact a large number of homemade 
alterations, tabletop extensions, or 
additional tops available to reconcile 
the need for satisfactory operative 
positioning of the patient with a re- 
quirement for intraoperative roent- 
genograms. All these stopgap solu- 
tions are designed only for single- 
film roentgenographic exposures, and 
there is no space left under the oper- 
ating table for an image amplifier. A 
new idea was introduced recently 
with a radiolucent operating table 
that consists of a fixed telescopic base 
installed in the floor of the OR (Fig 
6). The advantages of the installation 
outnumber the disadvantages: (1) The 
entire table top is radiolucent, with 
room for a large image amplifier un- 
derneath. (2) There are different, eas- 
ily interchangeable tops available. (3) 
Side-to-side and _ backwards-te-for- 
wards (coordinate) motion of the ta- 
bletop is available for optimal posi- 
tioning of the patient over the image 
amplifier. (4) The patient with the re- 
movable tabletop can be transferred 
directly to a specially designed four- 
wheel trolley, for transportation to 
and from the operating room. 

Three interchangeable tabletops 
can cover a large variety of proce- 
dures (general, neurological, orthope- 
dic, surgical, gynecologic, and urolog- 
ic, etc). The straight top that is used 
for biliary surgery is also useful for 
cardiac pacemaker insertions and 
aimed biopsies. The coordinate move- 
ments of this top are immensely help- 
ful for patient positioning for x-ray 
exposures (Fig 7). It is an advantage 
from the radiological as well as the 
surgical point of view to be able to 
align the patient easily with the im- 
age amplifier before the patient is 
anesthetized. The area of interest is 
outlined on the skin with radiopaque 
markers, and brief fluoroscopic expo- 
sures are made with the image ampli- 
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Fig 6.—Too, F et radiolucent tabletop with 
coordinate mcaerrents. Interchangeable 
tabletops ar carrie! on trolley from which 
they are trensf-rred to base of operating 
table. Bottem, Retating-base operating 
table. Tablemps car be exchanged accord- 
ing to need. Taits i= hydraulically operated 
by push butwn= 


fier to checx p»sit-oning. Furthermore 
if during -he operative procedure a 
change in pGition is required, the 
tabletop end the patient can be 
moved again umder visual control 
(fluoroscopy) te tae desired new posi- 
tion. The movements of the table are 
hydraulicaly (remete) controlled. In 
case of power ‘aiure, the function of 
the electri pamp can be superseded 
manually. The table can be rotated up 
to 180°. 

Emergen-y Serwce.—A patient with 
multiple fractures or severe injuries 
requiring immcbilwation can be 
lifted from tLe embulance stretcher 
directly to shi. special radiclucent top 
on a trolley. Tae patient then can be 
wheeled direc: y from the admitting 
room to tle =rey area without the 
need to trenszer aim. He can be fluo- 
roscoped with am image amplifier or 
roentgenograms taken without un- 
necessary mcrement or additional 
pain from cheng-ng his pesition. In 
case of am extreme surgical emer- 
gency, the susject can be taken im- 
mediately on ths same radiolucent 
top with trolEy directly to the OR. 
Trendelenkurg or reverse Trendelen- 
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Fig 7.—Flat radiolucent top can be moved in coordinate fashion, as necessary during pro- 
cedure. No realignment of x-ray apparatus is needed: great advantage in following dye injec- 
tions and catheter or pacemaker insertions. 


burg positions are possible even dur- 
ing transport. 

A reliable, well-designed, versatile 
radiolucent operating table suitable 
for every surgical subspecialty, to be 
used with image amplification or 
standard roentgenography, is a pre- 
requisite for modern surgical patient 
care. 

Single-Image Storage Devices.— Vid- 
eodisk,’® or image-storage tubes’? are 
commercially available now, and have 
potential application in the operating 
room. The ideal unit should be capable 
of “freezing” and replaying instan- 
taneously on a TV screen a single, 
short-pulsed exposure performed with 
an image amplifier. The shorter the 
exposure (down to one thirtieth or 
one sixtieth of a second), the less ra- 
diation exposure to patient and to op- 
erating room personnel. The unit fi- 
nally selected should have remote 
control capability (time-sharing op- 
tions) for use with multiple ORs. The 
ability to store and to replay an x-ray 
exposure instantaneously, without 
film processing, is of great impor- 
tance in certain applications like or- 
thopedic surgery (Fig 8 and 9). 


Specific Recommendations 


For Small Hospitals.—If the total 
number of beds does not exceed 200, 
but a general surgical and orthopedic 
service or emergency room is in- 
cluded, one small mobile (C-arm) im- 
age amplifier with an image-storage 
device should be on the priority list of 
equipment to be purchased. 

For Hospitals With 400 Beds (or 
More).—These institutions may in- 
clude a variety of surgical subspe- 
cialties and perhaps in excess of six 
operating rooms. Every plan or in- 
stallation for OR radiology has to be 
custom-tailored to the individual 
needs of surgical practice, the general 
patient turnover, and the distribution 
of subspecialties. It is impossible in 
the framework of this paper to an- 
swer every question, but we intend to 
suggest one model design and to illus- 
trate its versatility. This can always 
be extended or modified according to 
specific needs. 

Choice of Operating Rooms for Per- 
manent Installations.—It is preferable 
to select the two largest adjacent op- 
erating rooms for the modern radio- 
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Fig 8.—With use of 25.4-cm mobile image amplifier and overhead 
x-ray tube, continuous fluoroscopic image of a hip has been photo- 
graphed directly from TV screen. Acetabulum and trochanter re- 
gions can be observed in one view. Radiation factors: 100 kv, 3 ma 
over five seconds observation time; total radiation: 15 ma seconds. 


Fig 9.—Same as Fig 8 but only one thirtieth of a second of fluo- 
roscopic time is required for this stored image. Total radiation dos- 
age: 0.1 ma second (compared with 15 ma seconds). 





Fig 10.—Schematic diagram of layout of x-ray installation in two 
adjacent ORs (A and B). Ceiling-suspended tubes may be installed 
on beams between dual lights. System does not interfere with OR il- 
lumination or satisfactory radiological procedure. Contrcl console 
(dotted line) can be located in any convenient spot between two 
ORs. Remote fluoroscopic and radiographic controls can also be 
placed in each OR. If one OR (B) is to be used for orthopedic sur- 
gery, it is advisable to install a third tube on mobile floor stand in 
this room. When bi-plane filming is needed, no additiona’ portable 
x-ray machine is required. All three x-ray tubes can be energized 
from one power supply. 


Fig 11.—Schematic diagram of bi-plane arrangement: LIA, large 
image amplifier in anterior-posterior position; SIA, small image am- 
plifier in lateral position (operating table not shown). One ceiling- 
suspended x-ray tube for anterior-posterior plane and one on mobile 
stand for lateral plane are employed. The latter is stored in a corner 
when not n use. 


logical installation (Fig 10). 

X-ray Generator and Tubes.—It is 
possible to install one generator 
(1,000 ma, preferably three-phase) for 
the two adjacent ORs. The control 
console does not take much space (ap- 
proximately 127.0 x88.9x101.6 cm 
[50x35x40 inches]) and can be 
placed in an area between the two 
ORs (Fig 10). The transformer can be 
installed above the ceiling or in a pit, 
to conserve space. In both rooms high- 
output, double-focus, ceiling-sus- 
pended tubes on a telescopic crane are 
mounted and supplied by the common 
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generator. If one OR of the two is 
used for orthopedic surgery as well, 
then in this operating room an addi- 
tional x-ray tube may be kep= in one 
corner on a small mobile cart (Fig 11), 
which can be wheeled into the middle 
of the room for lateral exposures. An 
alternative arrangement might be to 
install a second ceiling-suspended 
tube crane for the lateral tube, if 
space is available. The need for mov- 
ing in large, space-occupying, por- 
table or C-arm units is eliminated. 
Two such adjacent operating rooms 
with simultaneous’ but inter- 


changeable functions and with a total 
of two or three x-ray tubes can be op- 
erated with ease with the use of one 
generator and remote controls. Even 
in the unlikely event that x-ray expo- 
sures might be required simultane- 
ously in two adjacent rooms, the gen- 
erator switching time from one room 
to another (with a permanent control 
unit between the two ORs) is not 
more than a few seconds. If neces- 
sary, a large amount of capital in- 
vestment for redundant generators 
can be saved with this sharing ar- 
rangement. 
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Operating Taliles.—One2 floor- 
mounted permanent operating table 
base (Fig 6) i each of the two rooms, 
with three nterehangeable radio- 
lucent tabletoss and hydraulic control 
system shoule suffice for the radio- 
logically equipped suites. 

Image Ampeqifiess—A minimum of 
one large (22.© or25.4-cm) mobile im- 
age amplifier on a separate floor 
stand with <selevision fluoroscopy 
(35.5-cm mon zor) and attached 70- 
mm camera is required (Fig 12). This 
unit can be wheeled from one OR to 
the other and zsed for anterior-poste- 
rior exposures One smaler image 
amplifier (15. or I7.7-cm) with tele- 
vision only (nc spet film camera) is re- 
quired additiqmally for lateral views 
in orthopedic surgery (Fig 13). In or- 
thopedics (hip nailings, etc}, both im- 
age amplifiers cam be set up in a bi- 
plane arrangement. The surgeon does 
not have to wait for C-arm adjust- 
ments or film precessing. Simply by 
pressing a foocswitch, the anterior or 
lateral x-ray exposure will appear on 
a TV screen a will, in the form of an 
immediate plerback of the stored x- 
ray image. 

Choice of an Image-Storage Device.— 
For most orthopedic applications, 
only still x-ray pictures or sequencing 
frames (rathe> than continous fluo- 
roscopy) are required to observe 
whether the pesitien achieved is clini- 
cally aeceptabE. One might ordinar- 
ily need three to five seconds contin- 
uous fluoroscozic time to assess the 
situation, but with an image-storage 
device incorporated in the television 
system only one thirtieth or even one 
sixtieth of a secend of the normal 
fluoroseopic ouput is required. The 
picture then may ke displayed for un- 
limited observe7ion on the TV screen 
without amy adcitional radiation. 
Within a split secand, the next x-ray 
exposure can sEnilarly be displayed or 
a previously sored image reviewed 
for compartsor The advartages of 
this image-stomage system (videodisk 
or storage tube) are significant: dras- 
tic reduction it radiation, reduction 
of total operat-ag time (no cassettes 
or film processing nequired), no inter- 
ference with s-erility (inserting and 
removing films frem under the pa- 
tient). Permaneat decumentation can 


Arch Surg/Vel 1#”, Get 1973 


TR Pes 


be obtained directly from the tele- 
vision screen with the use of a pola- 
roid or a 35-mm camera, if required 
(Fig 8 and 9). Seventy-mm films may 
also be taken (anterior-posterior) 
when higher quality permanent pic- 
tures are desired. An image-storage 
device-should therefore be an integral 
part of the new OR radiological in- 
stallation. 

X-ray Film Processing.—A small 
dark room with a compact 90-second 
film processor located in the OR area 
is highly desirable. Alternatively, a 
small automatic tabletop processor 
can provide satisfactory developing 
of 70-mm films within three to five 
minutes (Fig 14). 

Video and Audio Intercommunication 
With the Radiology Department.—Near 
the film processor, a high-resolution 
TV camera is focused on an x-ray 
view box. As soon as an OR film is 
processed, it is placed in front of the 
TV camera, and it can be shown 
frame by frame in the OR and to the 
consulting radiologist in the x-ray de- 
partment. A zoom lens on the camera 
provides 1:4 enlargement of sus- 
picious areas. The 6.35x6.35-cm 
(70 x 70-mm) film is thereby displayed 
enlarged on a 35.5- or 43.l-cm TV 
screen. Considering how difficult it 
may be during the peak work hours to 
call on a radiologist to leave a re- 
motely situated radiology depart- 
ment and come to the surgery area 
for consultation, time and distance 
problems may be overcome effec- 
tively in this way. A two-way system 
provides the audio communication. 


Surgical Applications of a 
Permanent Radiological Installation 


Operative Cholangiography.—'*“ 
There are certain inherent limita- 
tions im radiological systems now 
commonly used for operative chol- 
angiography as noted by L. Morgen- 
stern, MD (oral communication, 1971). 

1. The films are blindly exposed af- 
ter injection of the contrast material, 
without observing the filling stage 
for optimal timing. 

2. An inordinate amount of oper- 
ative time is frequently lost in ob- 
taining the developed films for eval- 
uation, including repeat studies when 
films are technically inadequate. 


3. The radiation exposure to pa- 
tient and personnel may be unneces- 
sarily high. 

4. Sterile operating room technique 
is frequently compromised during 
placement and removal of film cas- 
settes beneath the patient. 

5. Inadequate anatomic informa- 
tion is frequently obtained. 

The net result now of a time-con- 
suming effort in operative cholangio- 
graphy is usually three films of 
dubious quality depicting the biliary 
tree as a static system. True func- 
tional observations during the phases 
of dye filling and emptying are not 
possible, leaving an important gap in 
the information required by the sur- 
geon. Incomplete filling of the ducts, 
obscuration of filling defects by ex- 
cess or extravasated dye, and early 
emptying into the duodenum fre- 
quently may result in errors of inter- 
pretation or lead to time-consuming 
repetition of the films. Operative chol- 
angiography has not kept pace there- 
fore with radiological progress in 
other areas such as upper and lower 
gastrointestinal studies, where the 
use of image amplification with tele- 
vision fluoroscopy and spot filming 
(with or without a 70-mm camera) are 
standard techniques now in use. 

It is essential to convert the pres- 
ent blind method of operative chol- 
angiography to a technique per- 


formed under visual control. The im- ` 


mediate recognition of duct anatomy 
during the filling stages and the pos- 
sibility of taking films at exactly the 
right moment, will lead to better and 
more precise evaluation with the use 
of smaller amounts of contrast mate- 
rial (Fig 15, 16, and 17). 

Foreign Body Removal.—In cases of 
radiopaque foreign body removal, im- 
age-amplified fluoroscopy or serial ex- 
posures with immediate viewing in 
more than one plane may be of inesti- 
mable help. 

Gynecology.—Direct laparoscopic 
observations during uterine dye in- 
stillations showing dye spilling from 
the tubes can be misleading in infer- 
tility studies if partial strictures are 
present. By combining this special- 
ized procedure with operative hys- 
terosalpingography with the use of 
image amplification and spot films, 
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Fig 12.—Mobile 25.4-cm (10-inch) image amplifier: TV, television 
camera; C, 70 mm x-ray film camera; RC, remote control exposure 


Fig 13.—Mobile image amplifier with TV camera, without C-arm or 
x-ray tube for viewing in lateral plane. During operative procedures, 


button. Fluoroscopy and spot films can be performed at will. Image 
is observed on TV monitor and at appropriate moment a film is ex- 
posed. A complete series of cholangiograms (six to ten films) includ- 
ing fluoroscopy with aimed 70-mm spot films can be completed in 


more mobility can be achieved with this setup. Image amplifier does 
not have to be repositioned between anteior-posterior or lateral 
views and can be moved around easily. Par: toward patient (arrow) 
is covered with sterile towel. 


two to three minutes. Unit can be wheeled from one OR into an- 
other. 


Fig 15.—Table can be positioned eccen- 
trically on hydraulic support column. Pre- 
pared for operative cholangiogram. Over- 
head ceiling suspended x-ray tube is 
lowered. 


Fig 14.—Left, Tabletop processor for 70-mm films. Processing time, three to five minutes. 
Television camera and portable 70-mm processor require a minimum floor space area of 
only 1.2 x 3.0 meters (4 x 10 feet). Right, High-resolution TV camera focused on x-ray view 
box. Processed, dry 70-mm film is televised on 35.5- or 43.1-cm screen simultaneously in 
OR and x-ray department. Zoom lens provides additional enlargement (1:4) of supicious 


areas. 
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Fig 16.—"ilm @Ox 70 mm) from per- 
operative choler zogram (two thirds actual 
size). Film may 26 seem enlarged on a TV 
monitor in *he»@F. Filling defects in distal 
part of commer bile duct and in enlarged 
left hepatic duets (retained stones). 


the functions and anatemic situ- 
ations can be evaluated simultane- 
ously with tes modalities (Fig 18 
and 19). 

Orthopedic Surgery.—In directing 
fracture maipulation, hip nailing 
and intramedullary pinning, bone 
and joint asprrstion or biopsy, image 
amplification with image storage is 
the methoc of ehoice: With larger im- 
age amplifies (22.8-or 25.4-cm), the 
acetabulum ard trochanter areas can 
be observed m bne field in the ante- 
rior-posterior plane. an important 
advantage in h p nailing operations. 
With the use cf two tanterior and lat- 
eral) image amplifiers, the time for 
changing view:ng planes is elimi- 
nated. 

Cardio-Thoracic Surgery.—Cardiac 
pacemaker im=ertions may account 
for a large nam ber of cases with an 
active carciolmsic service. For pace- 
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Fig 17.—Peroperative cystic duct cho- 
langiogram. Normal-sized duct system with 
dye in duodenum. Filling and emptying 
stages and sphincteric function can be well 
observed during fluoroscopy and recorded 
on serial films. Total radiation dosage from 
ten small-format (70-mm) films is approxi- 
mately the same as one:standard-sized film 
taken with a portable unit. A large number 
of films are taken for documentation with a 
smaller amount of contrast medium. 


maker insertions, an operating room 
environment is advantageous. Re- 
moval of radiopaque foreign bodies 
from the esophagus or bronchi, pe- 
ripheral lung biopsy, and dilation of 
esophageal strictures are other im- 
portant indications for television flu- 
oroscopy or playback of stored images 
of x-ray exposure. 

Intraoperative Angiography.—To 
date, the surgeon usually has not had 
the equipment or radiological assist- 
ance to perform angiography prop- 
erly on the operating table. In bypass 
grafts of the lower extremities, it is 
of great interest to know at the end 
of the operation the functional status 
of the graft and the physiological per- 
fusion situation of the affected limb. 
Intraoperative angiography in coro- 
nary’ or neurosurgical revasculariza- 
tion procedures would open new vis- 
tas for pathophysiological studies and 








Fig 18.—Arrangement for combined lap- 
aroscopy with peroperative hysterosalpin- 
gography in infertility studies. Fluoro- 
scopic image or 70-mm film is observed 
simultaneously in OR and in the x-ray de- 
partment on 35.5-cm screen via closed cir- 
cuit TV linkup. 


Fig 19.—Peroperative hysterosalpingo- 
gram combined with laparoscopy. Various 
filling stages of oviducts (differential filling 
in partial obstruction) can be observed. In 
this series, small polyps in uterine cavity 
with filling defects in both tubes (ade- 
nomas) were detected. Top, Laparoscope. 
Bottom, Uterus suction cannula. 
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better understanding and possible 
prevention of postoperative problems. 

The capability to assess graft and 
anastomotic patency as well as distal 
runoff in coronary artery surgery is 
most desirable. Such documentation, 
along with measurement of flow 
through the bypass graft at the time 
of operation, would be a valuable base 
line for later follow-up studies. 


Comment 


It seems evident that there is an 
acute need for improvement in radio- 
logical equipment in the operating 
room suite. Peroperative radiology 


must at the very minimum begin to — 


reflect the rapid advances in radiol- 
ogy that have occurred over the past 
15 years. Significant improvement in 
existing intraoperative x-ray tech- 
nique is urgent. Some of the major 
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advances that newer radiological sys- 
tems and concepts can offer are (1) 
Decreased radiation hazard to patient 
as well as to OR personnel. (2) Im- 
proved radiological image quality 
with increased diagnostic accuracy. 
(3) Shortened operating time with 
faster room turnover. (4) Introduction 
of new peroperative angiographic 
studies. (5) Improved communication 
between radiologist and surgeon dur- 
ing procedures. 

Obviously, the choice of specific ra- 
diological systems must rest with the 
individual needs of the hospital; bed 
capacity, number and type of oper- 
ations performed, and the existence 
and activity of the emergency room 
are only some of the factors to be 
taken into account. 

We have not gone extensively into 
aspects of medical economics that im- 
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Operating Room Hazard Control 


Protection against airborne contamination 
and infection requires the development of in- 
terdependent practices not only in the oper- 
ating room but in the hospital as well for (1) 


the isolation of infected individuals to pre- 


vent colonization of patients and personnel, 
(2) control of dust in the operating room by 
effective housekeeping and laundering prac- 
tices, (3) exclusion of bacteria shed by the 
surgical team by proper garb, (4) ventilation 
with clean air at a rate sufficient to purge 
bacteria from the aseptic field or its equiva- 
lent in disinfection by ultraviolet radiation, 
and (5) terminal disinfection of the oper- 
ating room. Convenience, effectiveness, and 
economy are the criteria that must be eval- 
uated in the context of each hospital. Em- 
phasis on specific practice will vary in differ- 
ent hospitals. To achieve a low rate of 
postoperative wound infection in clean 
cases, the concept of asepsis must be ex- 
tended and expanded from direct contact 
alone to include air transport of microorga- 
nisms from people as the hazardous peri- 
patetic environment. 
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The Airborne Component 


of Wound Contamination 


and Infection 


Carl W. Walter, MD, Ruth B. Kundsin, ScD, Boston 


Mate scheduling infected 
cases at the end of the list, pro- 
hibiting recirculation of air for venti- 
lation, and quarantining an oper- 
ating room where sepsis has been 
encountered are examples of prac- 
tices that are based on the premise 
that airborne organisms play arole in 
the contamination and infection of 
surgical wounds. It is paradoxical 
that the most avid champions of con- 
tact contamination as the sole mode 
of transmission of microbes adhere to 
such practices, while they decry those 
who demonstrate lower rates ef post- 
operative wound infection by also 
controlling airborne contamination. 
Yet, specific evidence for airborne 
contamination appears elusive, be- 
cause it must be derived by uncon- 
ventional methods. In most hespitals 
the overburden of infection from ob- 
vious contact contamination masks 
more subtle, fleeting, and often re- 
motely based channels of airberne in- 
oculation. 

The lack of consistent correlation 
of the bacterial fallout in the oper- 
ating room with the bactericogy of 
postoperative wound infection is 
frustrating. Yet this should be ex- 
pected, because the air is seldom a 
reservoir of a stable population of 


pathogens. Instead, bursts of differ- 


Accepted for publication April 17, 1973. 

From the Department of Surgery, Harvard 
Medical School; and Peter Bent Brigham Hospi- 
tal, Boston. 

Reprint requests to 25 Shattuck St, Boston 
02115 (Dr. Walter). 


ent pathogens are dispersed tran- 
siently into the air by carriers to 
entrain otherwise innocuous air. Al- 
ternately, a few organisms in a large 
volume of air may be concentrated by 
the shifting aerodynamics of the op- 
erative site and impinged on the 
wound by the air rushing to the 
sucker in its depths.’ In special situ- 
ations dusty air from a faulty venti- 
lating system has been incriminated 
in wound infection. 

Rather than being demonstrated by 
the conventional methods of settling 
plates, volume air samples, and naso- 
pharangeal cultures, airborne infec- 
tion is disclosed by prolonged, in- 
tense, concurrent epidemiologic 
study, supported by specific identi- 
fication of the pathogens that emerge 
during an outbreak. One such investi- 
gation revealed that airborne con- 
tamination is chiefly intermediated 
by carriers, endogenous in patients, 
and exogenous in personnel. 

This discussion presents a con- 
cept of airborne contamination that 
evolved during a study of postopera- 
tive wound infection in which people 
were demonstrated to be a peripatet- 
ic environment of bacteriologic sig- 
nificance to their fellows.’ 

Several largely ignored factors are 
responsible for the persistence of 
cross-infection. (1) It is based broadly 
throughout the hospital and not con- 
fined to only a single activity, such as 
surgery. (2) The entire hospital envi- 
ronment is a bacteriologic backdrop 
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Tabie 1.—Bacteria in 21 Postoperative Wound Infections 
Following 190 Operations 


Staphylococcus 


Soue aureus 


Exogenous 
Personnel 4 
carrie 


Endogenous 
Patient 
Nasoprerangeal 
carrie 
Surgical spec men 
Urine 
Previous weuad 


for activities zhat disseminate patho- 
gens. (3) All patients and personnel 
reflect their «xpesure to this environ- 
ment by beceming contaminated and 
selectively celcnized by the accumu- 
lated bacterel debris from previous 
patients and «arriers, thus extending 
cross-infeectiam in time and space. 


Role of the Carrier 


Members cf the surgical team are 
the couriers im the transmission of 
hospital-based nfection to the aseptic 
field, for they, tec, shara the bio- 
hazard of th= hespital environment. 
Twenty perssnt of postoperative 
wound infections stem from exoge- 
nous bacteria sned by carriers on the 
team. (Table 1) A survey of surgical 
teams over 1€ mentias disclosed three 
types of carriage ef Staphylococcus 
aureus in the nasepharynx among 
= 379 healthy members: persistent, 17%; 
intermittent, 27%; and noncarriers, 
46%. Among the persistent and inter- 
mittent carriers 5% dissem_nate their 
S aureus and hence are an important 
epidemiologic reservoir. This is par- 
ticularly true when they also shed 
from the skm The proportion of 
types of carrers is related to expo- 
sure to the »acterial population of 
specific envircnments (Table 2). The 
carrier rate is low among the nurses 
who are protected by masking while 
working in th- hygienic environment 
of the operating room. The higher 
rate among surgeons reflects the haz- 
ard of enterirg the generel hospital 
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Gram- 
Negative 


Streptococcus 


pyogenes Mixed 





environment. The occupational haz- 
ard of intimate contact with the res- 
piratory tract is illustrated by the 
higher rate among anesthesiologists. 
Contact with bedding and lack of 
training intensify the hazard for or- 
derlies. Intercurrent respiratory dis- 
ease causes a shift in carriage and in- 
creases the propensity for shedding. 
Nasopharyngeal carriage of Gram- 
negative bacteria also occurs. Only 
epidemiologic surveys identify the 
hazardous disseminating carrier who 
sheds virulent bacteria. The contrast- 
ing experience with postoperative 
infection of surgeons who are noncar- 
riers and of those who are dis- 
seminating carriers foments contro- 
versy over the role of airborne 
contamination. Wound infections 
continue to occur, because all the 
facts are not understood. 

In operating rooms where aseptic 
techniques are effective, the bulk of 
postoperative wound infections result 
from invasion by endogenous bacte- 
ria in a carrier who is the patient. 
Commensal organisms opportunistical- 
ly invade a host rendered vulnerable 
by depletion and surgery. Tradition- 
ally, great attention is focused on the 
surgical wound as the portal of entry, 
while bacteremia from the traumatic 
wound, caused by manipulation of the 
commensal-laden respiratory tract, is 
ignored. 

The medical evaluation and treat- 
ment of the carrier state is outside 
the scope of this presentation. So also 


Table 2.—Staphylococcus aureus 
Carriers Among Operating Room 
. Personnel* 


Operating room nurses 
Surgeons 

Anesthetists 

Orderlies 





* From Walter CW, et al.” 


is a description of the technique of 
containment isolation for suppressing 
the occupational hazard of caring for 
infected patients. It is pertinent to 
remark that the duration of preopera- 
tive hospitalization,’ the amount and 
kind of infection in the hospital pa- 
tient population, and the presence of 
burns** are factors that increase en- 
dogenous carriage.’ 


Role of Physical Environment 


Surfaces, including skin, instru- 
ments, devices, clothing, bedding, 
equipment, and furniture, involved in 
direct contact with patients are ob- 
viously primary vehicles in cross-in- 
fection. Unsterile parenterally ad- 
ministered medications and blood are 
occult, and, hence, overlooked vehicles 
that have been linked in part to envi- 
ronmental contamination. Yet, when 
contact transmission is controlled by 
aseptic technique, cross-infection 
stubbornly persists—deployed in loca- 
tion or separated by intervals suffi- 
cient to exclude contact as the mode 
of transmission. In this situation, sur- 
faces throughout the entire hospital 
succeed to a paramount role as sec- 
ondary reservoirs of bacteria that 
contaminate the ventilation vortex in 
which the hospital population lives 
(Fig 1). Colonization of patients oc- 
curs more readily than for personnel, 
because exposure to a specific bacteri- 
ologic environment is both more in- 
tense and continuous. 

Horizontal surfaces are the most 
significant factor in the ecology of 
suppurative disease, because settling 
bacteria accumulate under circum- 
stances that prolong their life and 
abet their redistribution. The largest 
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horizontal surface, the floor, is also 
the base for the human activity that 
projects bacteria into the air. Floor 
cultures are excellent indicators of 
the bacteriologic types of prevailing 
infection, reflecting qualitatively and 
quantitatively the bacteriology of the 
occupants of the area and serving as 
an index of the infectivity of the en- 
vironment.* Horizontal surfaces are 
the staging area for bacteria that be- 
come airborne as an essential but 
subtle epidemiological step in attain- 
ing a portal of entry. 


Interrelation of the Physical and 
Peripatetic Human Environment 


A review of the modes of airborne 
dissemination of microbes is essential 
in gaining a perspective that will 
make the interrelationship between 
environment and carrier in the 
spread of bacteria meaningful. 

Airborne transmission of disease 
occurs by three vehicles: dust, laden 
with microorganisms, droplets trans- 
porting bacteria, and droplet nuclei, 
harboring bacteria (Table 3).° 

Microbe-laden dust derives from 
the fragmentation of dried excre- 
ment or discharge, from lint contami- 
nated by these wastes, or from des- 
quamating skin. Droplets that carry 
bacteria are expelled by tussive expi- 
rations and plosive speech sounds. 
Both dust and droplets settle rapidly 
and hence have a short trajectory. 
These bacteria-laden particles ac- 
cumulate on horizontal surfaces, bed- 
ding, and clothing, where they add 
their increment of bacteria to these 
secondary reservoirs that persist for a 
period sufficient to provide continuity 
of hazard." Trivial motions or slight 
air currents resuspend this microbe- 
laden dust. 

Dust particles may settle onto 
burns, open wounds, or other suscep- 
tible tissue such as that of a trache- 
otomy or unhealed umbilicus. Of great 
epidemiologic import is the fact that 
they are inhaled and inoculate the 
mucous membranes of the upper res- 
piratory tract. Colonization may re- 
sult and the subsequent attenuated 
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Fig 1.—Vortex of environment sepsis. (From Walter CW’) 


Table 3.—Comparison of Dust, Droplets, and Droplet Nuclei* 


Data Considered 
Sources of material 


Dust 


Solid matter, 
fabrics, etc 


Production Attrition 


Mode of suspension Air wafted 


104 to 1004 


0.3048 m/min to 
0.3048 m/sec 


Particle diameter 
Settling velocity 





* From Wells WF.® 


infection is known as the carrier state 
(Table 4).’ 

Disseminating carriers lend 
ubiquity and continuity to the spread 
of bacteria by expelling, wherever 
they go, droplets that may be sprayed 
directly into wounds, or droplet nuclei 
that entrain in air to be inhaled by 
others.: Droplets settle on skin, cloth- 
ing, and other surfaces, eventually 
giving rise to bacteria-laden lint and 
dust. Carriers who shed from the skin 
litter their surroundings with mi- 
crobe-laden squames. 

The incidence of wound infection 
due to inoculation of the wound by 
airborne bacteria shed from a dis- 


. Droplets 


Fluids from nose 
and throat 


Droplet Nuclei 
Solid residues of 
evaporated 

droplets 
Evaporation of 
droplets 
Caught in air by 
` evaporation 
2-104 
< 0.3048 m/min 


Atomization of 
fluids 


Projected into air 
by sneezing, etc 


> 100x 
> 0.3048 m/sec 


seminating nasopharangeal carrier 
stationed at the periphery of the 
room was 1.2% əf the patients at 
risk.'* The carrier was masked contin- 
uously. He shed particles with a pro- 
bit mean diameter of 5.3. Ventila- 
tion with a turbulent distribution 
pattern emanating from wall dis- 
tributors was at the rate of seven air 
changes per hour. The causal orga- 
nism was identified in volume air 
samples in 11.2% of the operations, 
33% of the settling plates exposed on 
the aseptic field, and 48.5% of the en- 
vironmental cultures. Contamination 
was so slight that negative cultures 
were obtained from the wounds that 
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Table 4.—Staphvwlococcus aureus 
Céniiers in 73 High 
School Students* 


Bacteria 


Present, 
% 


Before+ fr im 


surgicar ward 
Acter 4hr @ 
surgica ward 


* =rom Waiter CW, et al.” 


subsequent developed infection. 
Yet che spesific organism was filtered 
from the ir=»red air of seven mem- 
bers of the surgical team and identi- 
fied on them masks. During the 169 
operations = the prospective study, 
the number ə? baeteria in the envi- 
ronment was ow (Table 5). 

Longitudmel study of the carriers 
among hesp tel personnel and concur- 
rent bacteaclogic surveillance of 
wourd infeecions provided data that 
identified am epidemiologic pattern 
that was crvier-related.’ Eighteen 
infections mmo>licated four dissemi- 
nating carers on surgical team 
members (T= xe 6). Twenty-five addi- 
tional infediicns were epidemiolog- 
ically assoc=sed with these carriers 
(Fig 2). 

An anest>ezist was implicated in 
ten wound mf=ctions. This carrier of 
S aureus t@«< part in anesthesia in 
varying degrees, being responsible 
throughout fer some and providing 
only transient relief (eight minutes in 
one instance during others. 

A residert was implicated in 14 
neuresurgics. mfections. His carriage 
of S eurews > neided with the home- 
coming of s rewbern with mastitis 
and furunculesis, typical of an out- 
break at arcther hospital. The fu- 
runculosis pers.sted for two years. An 
older son w= demenstrated to be a 
disseminating carrier of the same S 
aurens. 

A scrub murse was epidemiolog- 
ically assæciated with 15 wound infec- 
tions; comple-= bacteriologic incrimi- 
nation was possible in only one. 

The disseminating characteristics 
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Table 5.—Bacteriology of Environment* 












Type of Culture 
Settling plates on aseptic field 
Settling plates on floor 
Volume air samples 

Floor cultures 


* From Walter CW, Kundsin RB, Brubaker MM." 
+ Geometric mean. 


Mean 
3.3 (+ 1.9) organisms/sq m/min 
4.3 (+ 1.9) organisms/sq m/min 
3.7 (+ 2.7) organisms/cu m 

2.6 (= 2.6) organisms/sq cmt 









Table 6.—Chronologic Listing of S aureus Infections 
Bacteriologically Linked to Four Disseminating Carriers* 






Date Operation Infector Phaget 
2/63 Craniotomy Resident U 
2/63 Craniotomy Resident U 
2/63 Hypophysectomy Resident U 
5/63 Craniotomy Nurse Y 
6/63 Laminectomy Intern Z 
7/63 Cranioplasty Anesthetist T 
6/64 Open reduction shoulder Anesthetist T 


7/65 Hip nailing Anesthetist T 
7/65 Mammary artery implant Anesthetist T 
7/65 Pyelolithotomy Anesthetist T 
8/65 Craniotomy Resident V 
11/65 Laminectomy Resident Vv 
11/65 Craniotomy Resident V 
12/65 Laminectomy Anesthetist T 
7/66 Carotid endarterectomy Anesthetist F 
7/66 Hip nailing Anesthetist T 


* From Walter CW, et al.? 
t Phage designation: U, 52/52A/79/7/73/75/80/82; Y, 52A/79; Z, 53/77; T, 83A/6/ 
7/42E/47/54/73/75/42B /83B/UC-18/81/82; V, 52/52A/80/81. 


Fig 2.—Carrier association with sepsis. (From Walter CW, et al’) 
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of four carriers incriminated in post- 
operative infection were studied by 
determining the bacterial contamina- 
tion of a confined volume of air in 
which a standard exercise was per- 
formed. Ten overtly healthy hospital 
employees were also studied. All 14 
subjects were daily bathers and had 
grossly clean skin. Volume air sam- 
ples and settling plates permitted de- 
termination of the kind, number, and 
size of the bacteria-bearing particles 
shed. The data for the 14 subjects are 
plotted in Fig 3. 


Control of the Disseminating 
Carrier 


Control of the disseminating car- 
rier among surgical personnel is com- 
plex. Those with overt infection must 
be banned from surgery. That ob- 
vious and widely accepted admonition 
is sometimes difficult to apply. Infec- 
tions of the skin, dermatitis, or res- 
piratory disease with obvious signs 
and symptoms are readily identified. 
Lesions within the body or which are 
hidden by clothing are elusive. Yet, 
outbreaks of streptococcal wound in- 
fection have been traced to shedding 
from benign-looking lesions” or anal 
cryptitis." 

Once detected by epidemiologic 
study, subordinate personnel who are 
disseminating carriers can be banned, 
but that solution is untenable for pro- 
fessionals. Investigation of the 
shedding pattern may assist in the 
management of a carrier. The exer- 
cise test described earlier, or cultur- 
ing the front of a freshly laundered 
laboratory coat that has been worn 
for several hours to demonstrate 
shedding from the nasopharynx are 
definitive. The use of antibacterial 
soaps is indicated for one form of skin 
shedder (the anesthetist), while 
avoidance of bathing is protective for 
another (the nurse). 

The simplest control of shedding 
from the body is to contain scurf by 
the use of one-piece garments of 
densely woven textile.’ Shedding 
from the head and hair is more diffi- 
cult to control. =° Many object to 


592 = Arch Surg/Vol 107, Oct 1973 


Pret Pay 





ae aa 


N 

I ALA ae 
br at 
VAR 





control clothed naked 


naked naked 
IO min. 
er 





Volume Air Samples 
---Normal subjects 
“=Known Infectors | 


Pa a ANESTHETIST 


Aap TECHNICIAN 


“RESIDENT 


naked 
| hr. 2 hrs. 


Fig 3.—Shedding patterns im confined space. (From Walter CW, et al?) 


form-fitting helmets and snoods and 
choose to disregard the hazard of dan- 
druff so evident on spectacies and 
shoulders. Cosmetic detritus from eye 
makeup, rouge, face powder, and hair 
spray is also ignored, despite the fact 
that it is laden with skin bacteria. 
Plastic helmets and hooded gowns are 





used in operating rooms that feature 
laminar air flow, but have not been 
accepted widely elsewhere.”° 

Surgical gowns of densely woven 
textile or disposable, nonwoven, wa- 
ter repellent material are only partial 
answers to containment of squames, 
since the face, neck, and hair are 
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Table 7.—The Filtering Action of Masks* 


Tube Count 
(Indirect Contamination) 


Average 


Surgic@ masks 
Quiet Dresthing-without mask 8 
Quietbreathingwith mask 
Talking wethout nask 
Talking wth mask 


Industrial masks 
Quiet areathing without mask 
Quiet sreathing with mask 
Talkin wi heut mask 
Talking with masx 


* From Heschfield JW, Laube PJ.” 


exposed. 

Any garment that is sufficiently 
tight to corfine bacteria traps heat, 
particularly-when wern with a helmet 
or hood. Hence, systems have been 
developed te ventilace the space be- 
neath the steri gown and head pro- 
tection. Thee «centzol perspiration, 
prevent fogging of tke visor, provide 
comfort, and shauld be in routine use. 

Masking is orly partially effective 
for controlling -he discharges from 
the nasophar->nx The problem is not 
the control of the individual organism 
that may be =xpired, but rather the 
removal of dreples of saliva or mucus 
expelled durin= ferced expiration. An 
unmasked ind-vicual breathing either 
through the nese 3r the mouth expels 
only a few baeteria into the air as is 
shown in Tale 7.“ While talking, 
large numbers of organisms are ex- 
pelled forcibly, chæfly in the form of 
droplets of saliva and Fits of mucus. 
A mask catches tl= direct spray and 
accordingly recuces the number of 
bacteria in the air for the moment. As 
the droplets which impinged on the 
mask evaporate the baceria are de- 
posited on the mask and subsequent- 
ly entrain durizg quiet expiration. 
Thus, the air expired threugh a mask 
that has been worn sor a “ew minutes 
carries more bacseria thaa that from 
an unmasked ndvidual who is 
breathing quietly Th= mask acts as an 
averaging device. Tc affomd the max- 
imum protection, quiet breathing is 
imperative, because = masE with min- 
imal eontaminatim 6B mose effective 
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Plate Count 
(Direct Contamination) 


Maximum Average Maximum 


259 
315 
47,600 
620 





than one that is saturated with orga- 
nisms expelled while talking and 
hence contributes bacteria to the ex- 
pired air. 

The filtering efficiency of a mask is 
unrelated to its effectiveness in con- 
fining bacteria. A snug fit to the face 
is essential to prevent escape of ex- 
pired air about the periphery of the 
mask. A bacteriologically effective 
mask impedes respiration and may 
cause fatigue and hypercapnia. 


Control of Dust in the 
Operating Room Environment 


Well established practices for 
housekeeping and laundering permit 
control of dust (10 to 100 micrometer 
particles) that settles on horizontal 
surfaces. 

Flooding the largest surface—the 
floor—with a detergent germicide and 
picking up the resultant slurry with a 
wet vacuum cleaner disinfects smooth 
surface floors.” The residual moisture 
left by the squeegee-like tool dries 
without leaving a film containing 
particulates to flake off. Dusting 
smaller horizontal surfaces with a 
cloth wet with the same detergent 
eliminates these as a source of resus- 
pended dust. Surface cultures, set- 
tling plates, and volume air samples 
demonstrate the effectiveness of the 
technique. 

Floors of spalling terrazzo and 
floors with loose tiles, whether ce- 
ramic or plastic, harbor dust in inac- 
cessible crannies and can neither be 
cleaned or disinfected. Activity 


pumps dust from beneath loose tiles 
or disperses it from crevices. Out- 
breaks of postoperative wound infec- 
tion due to Staphylococcus epider- 
midis, Pseudomonas aeruginosa, and 
Clostridium species have been traced 
to such defects in floors. 

There is no evidence that vertical 
surfaces or a stationary ceiling con- 
tribute to dust under operating room 
conditions. A hung ceiling that scat- 
ters dust when it lifts as doors are 
opened in the surgical suite is a prob- 
lem that can only be solved by full 
partitions between the floor and the 
slab above to prevent pumping of air 
between rooms or corridors. 

Mopping must be restricted to 
spreading detergent germicide and 
picking up spills. Short string mops 
are best and must be laundered after 
use for one day. Mopping of large sur- 
faces must not be done to avoid the 
formation of dust by abrasion of the 
textile fibers or plastic sponge mate- 
rial of the mop. 

Mops that are stored while wet dis- 
integrate and subsequently shed ma- 
terial to the floor. Tracer studies dem- 
onstrated dust originating from 
textile mops on the operating field. 
Mop pails must be prohibited. Bacte- 
rial growth in the water stored in the 
pail or moist mop is painted on the 
floor where the mop is used. Infection 


due to P aeruginosa in burns or C tet- 


ant in umbilical stumps has been 
linked to the floor as the source of the 
bacteria. 

The management of the operating 
room in which sepsis has been en- 
countered is beyond the scope of this 
presentation. When properly dis- 
infected, the room is ready for imme- 
diate use. Quarantine is unnecessary. 
Terminal sterilization of instruments, 
collection of soiled textiles, protection 
of pathologic specimens, and safe dis- 
posal of trash must be considered. 


Textile 


The major source of lint on textiles 
is disintegrated paper and linters 
from disposable products. Hence, pa- 
per towels or tissues and dressing 


Wound Contamination and Infection/Walter & Kundsin 593 











materials must not be discarded with 
soiled laundry. Such trash must be 
culled from laundry prior to washing 
to decrease the burden of lint on the 
final product. 

The application of a bactericidal 
textile lubricant in the final rinse of 
the laundry cycle decreases linting 
due to the frictional wear of textile 
fibers. It also prevents deterioration 
due to bacterial and fungal growth in 
moist, soiled laundry. In this context, 
it decreases the occupational hazard 
of laundry workers. 


Control of Dust in 
Ventilation Air 


Most operating rooms are venti- 
lated by air drawn from outdoors. The 
air is cleaned, its temperature and hu- 
midity are modified, and it is dis- 
tributed to various rooms. The pur- 
pose of the ventilation determines the 
volume of air delivered to each room. 
Odor control and comfort have been 
the customary objectives. Six to ten 
air changes per hour are commonly 
provided to maintain a temperature 
of 21 C and a relative humidity of 
50%. A quantity of air proportional to 
that introduced is exhausted in the 
attempt to maintain a slight positive 
pressure of at least 1 cm within a 
room with closed doors. 

At these rates of ventilation the 
concentration of a simple dispersal of 
droplet nuclei falls to about 1% of its 
initial value in 45 minutes.” Ventila- 
tion in the conventional sense thus 
contributes little to the control of con- 
tinuously emitted contagion. The rea- 
son is obvious—at such low rates of 
flow, turbulance redistributes the or- 
ganisms and insufficient clean air is 
provided to dilute the continuing cas- 
cades of organisms that become air- 
borne. The inversion convection that 
results when doors are opened be- 
tween adjoining spaces with differ- 
ent temperatures often moves air- 
borne organisms more effectively 
than the ventilating system. An open 
door may result in 10 to 15 air 
changes despite an initial pressure 
gradient and theoretical unidirection- 
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al movement of air. Dissipation of 
heat generated during surgery by the 
team, various electric appliances, and 
lighting fixtures 15 to 17 changes of 
air in the average size operating 
room. Where drafts are objectionable, 
careful control of the temperature 
gradient of the ventilating air re- 
quires higher rates of air change. 

The cleanliness and purity of venti- 
lating air depends on the design, loca- 
tion, installation, and maintenance of 
air-handling equipment. Faults are 
common and it is the exceptienal sys- 
tem that operates satisfacterily un- 
der all weather conditions. 

Improper location of the air intake 
subjects the system to pollution or 
microbial contamination frem chim- 
neys, exhaust ducts, sanitary vents, 
engine exhausts, rookeries, garden 
litter, or dust from roofs or ledges. 
Air flow is often restricted by screens 
choked with leaves or feathers, filters 
loaded with dust, and heat exchang- 
ers clogged by deposits of slime and 
dirt. Where poor location subjects the 
system to such fouling, maintenance 
becomes a crucial factor and greater 
precautions must be taken to filter 
the air downstream of the condi- 
tioning equipment. Pollution and con- 
tamination are so hazardous in some 
situations that the air intake must be 
relocated. The air intake should be 
the highest point of the hospital 
structure. A penthouse is best. 
Unobstructed intake from all direc- 
tions is essential to avoid the lee ef- 
fect of wind. The pentheuse must be 


‘large enough to permit snow and rain 


to disengage from the zir stream. A 
vertical air intake duct opening above 
the screened louvers of the enclosing 
penthouse ensures satisfactory air. 
Unfortunately, such installations are 
rare. 

The filters conventionally used re- 
move dust and trash and are intended 
to prevent fouling of the heat ex- 
changers. Such filters do not remove 
microorganisms. Bacteriologic filters, 
such as 90% National Bureau of Stan- 
dards filters, should be located down- 
stream of the air processing equip- 


ment to ensure trapping of bacteria 
and fungi. Where humidification is 
done at the diffuser, steam humid- 
ifiers must be used. Other types inevi- 
tably become colonized; bacteria over- 
grow and contaminate the air. 

To reduce the number of airborne 
bacteria by dilution, large volumes of 
clean air are required. The energy to 
temper and adjust the humidity is 
prohibitively expensive unless the air 
is recirculated. Effective filters make 
recirculation safe and economical. 
One air change per minute is feasible, 
although noise and draft militate 
against the conventional installation. 
Proper design and installation result 
in a comfortable and effective system. 

Outbreaks of postoperative wound 
infections, panophthalmia, septi- 
cemia, encephalitis, and miliary pul- 
monary abscesses have been traced to 
contamination of the surgical wound 
with airborne organisms from faulty 
ventilation systems. Mimeae, Ser- 
ratia marcescens, P aeruginosa, S 
epidermidis, Clostridium species, 
Proteus species, C tetani, Aspergillus 
niger, and Bacillus subtilis were 
among the dustborne organisms. An 
infestation of pidgeon mites (Orni- 
thonyssus sylviarum) among patients 
resulted from aspiration of the ecto- 
parasite from a rookery in the air in- 
take plenum. 

The equivalent of high rates of ven- 
tilation can be achieved by dis- 
infecting the air of the operating 
room by ultraviolet radiation during 
surgery. Rates of ventilation that 
suffice to control temperature and hu- 
midity can be complemented by ul- 
traviolet to effect removal of airborne 
bacteria. Thirty air changes are bol- 
stered to threshold sanitary ventila- 
tion values readily.” Existing venti- 
lating systems with adequate 
capacity to maintain temperature 
and relative humidity can be up- 
graded inexpensively to control air- 
borne contamination by the installa- 
tion of ultraviolet radiators. 

The removal of bacteria from air in 
the operating room is best done by a 
turbulent distribution pattern that 
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augment. the aormal circulation of 
air witair tne room. Thermal 
gradients Case convection currents 
that stir zhe air vertically in the cen- 
ter of the mem and militate against 
settling >f bacteria on the aseptic 
field. Turbu.en- distribution avoids 
stable island o- negative pressure in 
the lee of. ol==ructien, whether behind 
personne, itstraments, or fixtures. 
Laminer air flow—unidirectional 
flow—is asspeeia. sort of ventilation in 
which pa-tie.e-free air is moved over 
the asepte -ald at rates intended to 
sweep away 2articulates. Usually this 
is achieve by recirculating air within 
the operatir= reom through high-ef- 
ficiency parele air filters and diffu- 
sers that assure unidirectional flow. 
Either dowrward or horizontal flow is 
used. Rates >° air flow of 9 m/min to 
180 m/mm bsve been advocated. The 
usual rate -s 27.4 m. This is the 
equivalene oc 24% air changes per hour 
in the 6 mquare operating room. 
Such systen= perform well where the 
worker isim he lee of the work to be 
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protected from contamination. Where 
the working field is to the lee of the 
worker, bacteria he sheds are trapped 


in the eddy caused by obstruction to 


the air flow, such as hands, instru- 
ments, lights, and the like. In a sense 
unidirectional air flow couples the dis- 
seminating carrier to the wound.**:*5 
In the aseptic field the use of over- 
head, wide source, ultraviolet radia- 
tion affords protection of the wound 
from contamination by bacteria shed 
by a member of the surgical team. 
Properly installed, ultraviolet radia- 
tion provides a bactericidal barrier 
between the disseminating carrier 
and the wound. Ultraviolet radiation 
of the operating field during surgery 
has been demonstrated to reduce 
postoperative wound infections in 
clean surgery.*°*’ Neurosurgeons in 
particular have reported consistently 
low rates (0.025%) over many years.” 
Several critical factors must be ob- 
served when ultraviolet radiation is 
used. Its intensity on the operating 
field must be measured daily with a 


References 


transmission of Staphylococcus aureus. N 
Engl J Med 271:225-230, 1964. 

12. Walter CW, Kundsin RB, Brubaker 
MM: The incidence of airborne wound in- 
g Suring operation. JAMA 186:908- 


13. Jewett J F, et al: Childbed fever: A 
conting entity. JAMA 206:344-350, 
1968 


14. Gryska PF, O’Dea AE: Postopera- 
tive streptococcal wound infection. JAMA 
213:1189-1191, 1970. 

15. Bernard H, Cole W: Reduction of iat- 
rogenic bacterial contamination in oper- 
ating rooms. Ann Surg 165:609, 1967. 

16. Charnley J, Eftekhar N: Penetration 
of gown material by organisms from the 
surgeon’s body. Lancet 1:172-174, 1969. 

17. Hallman GL, et al: Factors influ- 
encing survival after human heart trans- 
plantation. Ann Surg 35:609, 1969. 

18. Jelenko C III: Short thoughts on long 
hair. Surg Gynecol Obstet 130:516-517, 1970. 

19. Summers MM, Lynch PF, Black T: 
Hair as a reservoir of staphylococci. J Clin 
Pathol 18:13-15, 1965. 

20. Charnley J: Operating-theatre venti- 
lation. Lancet 1:1053-1054, 1970. 

21. Hirschfeld JW, Laube PJ: Surgical 
masks: An experimental study. Surgery 
9:720-730, 1941. 

22. Riley RL, O’Grady F: Airborne In- 


Wound Contamination and Infection/Walter & Kundsin 


r E v aa nn 
+ yE túr A “a” r > a 
ř Vo x FN. 7 Tit dis 2 TER 
iia s ; : 


calibrated meter. Twenty-five micro- 
watts/sq cm is effective. The ultravio- 
let output of lamps is dependent on 
the temperature of the lamp and its 
cleanliness. Since chilling by ventilat- 
ing air is a cause for low output, 
lamps must be protected from cold air 
from a diffuser. The film of grime 
that collects on the lamp must be re- 
moved twice weekly. Two environ- 
mental factors are critical. The bacte- 
ricidal effect of ultraviolet radiation 
declines markedly when the relative 
humidity exceeds 55%.*° Ultraviolet 
radiation does not disinfect dusty air 
nor does it penetrate films of mois- 
ture.” | 

The bubble isolator” illustrates the 
extreme in the exclusion of the team 
from the operative field. That the 
method works has been amply demon- 
strated in gnotobiotic and germ-free 
colonies of animals. Barring acciden- 
tal penetration of the bacterial bar- 
rier, endogenous infection becomes 
the residual infectious complication 
of surgery. 
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Operating Room Hazard Control 


Cleanup Techniques 


in the Operating Room 


Jerry G. Peers, RN, Denver 


A review of operating room cleanup tech- 
niques provides a rationalized checklist that 
is easy to read and follow. Certain recom- 
mendations, such as the lack of necessity of 
placing ‘‘dirty cases” at the end of the 
schedule and the dismissal of the ultraviolet 
light technique, are of prime interest to sur- 
geons. 


Ithough Lister’s use of carbolic 
acid spray in the operating room 
in 1865 ushered in the era of anti- 
septic surgery, no one, especially 
nurses, should ignore the contribution 
of Florence Nightingale to medical 
history. In her time at Scutari in the 
Crimean War of 1854, Miss Night- 
ingale demonstrated that manual 
soap and water scrubbing was neces- 
sary in combating infection and 
disease. This concept is still very per- 
tinent in any treatment of environ- 
mental cleanliness. 

Although methods of alleviating in- 
fection to reduce morbidity and mor- 
tality remain very real problems to- 
day, operating rooms have come a 
long way from those with outside 
windows which were opened to pro- 
vide fresh air—and allow entry of 
flies, dust, and germs. Advances have 
been made since using the old enamel 
pans with their chipped finishes ca- 
pable of housing organisms, but much 
remains to be learned and put into 
the realm of practical application. We 
must dispel the remaining concept of 
quarantine of operating rooms fol- 
lowing “dirty cases”™?; requiring that 
contaminated procedures be done at 
the end of the day’s schedule; utiliz- 
ing the “sterile prep,” and many 
other vestiges of unsupportable the- 
ory. 
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Studies of the contribution to oper- 
ating rooms of such concepts as lami- 
nar air flow, space project clean rooms 
and vented personnel apparel are un- 
der intensive investigation and clini- 
cal evaluation. 

What is least understandable is the 
negation of proved concepts and prac- 
tices because of budget limitations, 


convenience, and pressure of work : 


loads. Equipment, such as wet vac- 
uum pickup, is available and has 
proved effective, but is often not uti- 
lized beeause of expense, longer 
cleanup time, and other excuses. 

Any discussion of cleanup methods 
must be based on acceptance of the 
concept that every surgical procedure 
deserves the same care as every 
other. That is, every patient merits 
the same degree of safety and pre- 
caution. Additionally, personnel 
working in surgery must be pro- 
tected. 

Therefore, every case should be 
treated as potentially contaminated. 
Cleanup techniques must be set up to 
contain and confine organisms so as 
to prevent contamination of the en- 
tire operating suite. 

Cleaning in the operating room 
should ideally be done by trained 
housekeeping personnel subject to di- 
rection of the operating room (OR) 
supervisor. Individual situations may 
necessitate modification of this con- 
cept, but whoever is charged the 
responsibility should have specific 
established routines which are imple- 
mented conscientiously. 

Cleanup may be divided into four 
general categories for discussion: (1) 
preparatory, (2) operative, (3) in- 
terim, and (4) terminal. 


Preparatory Cleaning 


We may assume that each OR suite 
has specific daily “down time” during 





which special cleaning can be 
planned, most frequently during the 
late evening or night. Although daily 
terminal cleaning is accomplished, 
some preparation is necessary before 
beginning the first scheduled proce- 
dure of the day. 

Damp-dusting is a fairly routine 
practice in each operating room—the 
removal of particles of dust, which 
may have settled in the room during 
the inactivity following daily termi- 
nal cleaning. A clean cloth dampened 
with detergent or disinfectant is used 
to dust flat surfaces of tables, equip- 
ment, and especially overhead lights. 
Alcohol is a popular agent for this 
dusting since it tends to evaporate 
rapidly without filming on surfaces. A 
reminder here that personnel enter- 
ing even an empty OR must be prop- 
erly garmented and wearing a cap 
and mask. Since ventilating systems 
should provide 10 to 20 room air 
changes an hour, damp-dusting 
should be done at least one hour be- 
fore scheduled incision time. 

At the same time, the tops and rims 
of autoclaves and counter tops in sub- 
sterile rooms should also be damp 
dusted. This is an often-forgotten de- 
tail and is a potential source of con- 
tamination to sterile material being 
removed from autoclaves. 

Unnecessary tables and equipment 
should be removed from the room 
when they are not in use. This is in 
keeping with the concept that all 
cases are potentially contaminated 
and so elimination of extraneous 
items makes for easier and faster in- 
terim cleaning. The woeful lack of 
storage space in most surgical suites 
is responsible for so much unused fur- 
niture being stored in ORs. 


Operative Period 


Areas contaminated by organic 
debris, such as blood and sputum, dur- 
ing the operation should receive im- 
mediate attention. An in-use dilution 
of phenolic detergent germicide, iodo- 
phor, or other broad-spectrum germi- 
cide can be applied from a squeeze 
bottle to the soilage.* This prompt de- 
contamination helps prevent orga- 
nisms from drying and becoming 
air-borne and, thus, potentially 
hazardous. Sponges should be dis- 


Operating Room Cleanup/ Peers 





carded to piastictined receptacles. 
For their own protection, personnel 
must use glewes, instruments, or both 
in counting and colleczing soiled 
sponges and lap tapes before disposal 
in plastic bags. All other discarded 
material that can be incinerated or 
compacted sheald be collected in plas- 
tie-lined waste receptacles for later 
disposal. 

Once a patent is in the room and 
an operation has started, supplies and 
equipment sheald not leave the room. 
Sponge buekets, prep trays, and 
stands remaim although preparation 
sponges and waste may be bagged in 
plastic and stered temporarily. Not 
only is this preferred technique, but 
may be important in the event of 
sponge count discrepancy at the con- 
clusion of the eperation. 

Traffic in ard out of tie room is 
kept at a minimum to curtail dust 
turbulence ereated by the activity. 
The circulating nurse should antici- 
pate supply needs acequately to avoid 
having te læve and return fre- 
quently; however, this is net a recom- 
mendatior for a second circulating 
nurse outside 51e room. 


Interim Cieaning 


As soon s an qaperation is com- 
pleted anc the patient is taken from 
the room, eleanup is initiated to ready 
the room jor the next patient. 

Personne! must leave their gowns 
and gloves in appropriate receptacles 
prior to leaving the room. All linen, 
soiled or mot, & placed in Enen ham- 
per bags for tæ laundry. Dare must 
be taken te see that instruments and 
other noniaumery items not go in 
with the lmen. Even if not obviously 
soiled, all lmen from open packs 
should be subjected to laundering in 
order to replace moisture bost to the 
fabric by steri ization. Wet drapes 
and linens sbeuld be placed at the 
center of the laundry bundle to prohi- 
bit seaking te zhe outside of the bag. 
If nonwoven *abries are used, these 
materials may be placed in plastic 
bags for dispesal. Soiled sponges and 
other waste itens are discarded in a 
separate plastie or treated-paper bag 
for disposal. 

Instruments.-The gloved scrub 
nurse should crepare instruments, 


Arch Surg/Vol 10i Oct 1973 


metal, and glassware for decontami- 
nation prior to handling by other per- 
sonnel. Instruments should be placed 
directly into perforated trays for pro- 
cessing in a washer sterilizer, or may 
be covered for transportation to the 
central service for terminal ster- 
ilization. In either case, all hinged in- 
struments should be in the open posi- 
tion. 

An alternate procedure in the ab- 
sence of a washer sterilizer is to care- 
fully rinse instruments in the solution 
basins used during the operation and 
then to put them directly into perfo- 
rated trays and autoclave at 132 C 
(270 F) for 3 minutes or at 121 C (250 
F) for 15 to 20 minutes. Brushes 
should not be used for removing gross 
soilage, since this tends to aerosolize 
organisms. Only after this care should 
instruments be handled for definitive 
cleaning and checked for repair prior 
to reuse. Basins and trays are also 
washed and autoclaved. Wall suction 
units should be disconnected by circu- 
lating personnel to avoid contamina- 
tion of the wall outlet. Disposable 
suction units and suction tubing 
simplifies disposal, but heat-resistant 
trap bottles may be used, rinsed, and 
subjected to autoclaving together 
with the basins and trays. Disposable 
suction tubing is recommended over 
reusable tubing, which presents for- 
midable problems of decontamina- 
tion. However, if tubing is reused, 
special care must be given to cleans- 
ing the lumen prior to placing the 
tubing in sterilizers with instru- 
ments. 

Suction bottle contents should be 
decontaminated by appropriate dis- 
infectant prior to hopper disposal. 

Furniture.—Horizontal surfaces of 
tables and equipment which have 
been involved in the surgical proce- 
dure should be cleansed with an ap- 
propriate in-use dilution of detergent 
germicide. This may be readily dis- 
pensed from a squeeze bottle or pres- 
sure spray dispenser. Wheeled furni- 
ture may be pushed through 
detergent used for floor care in order 
to cleanse the furniture casters. 

Anesthesia Equipment.—It may seem 
redundant to say that all anesthesia 
masks and tubing must be cleaned 
and sterilized before reusing; but in 


many hospitals, this is still not done 
routinely. This equipment can often 
be autoclaved or, if not, may be ster- 
ilized by ethylene oxide and aerated 
prior to reuse. If this method is not 
available, cold chemical disinfection 
may be employed, using a solution of 
activated glutaraldehyde.’ 

Floors.—Experts agree that wet 
vacuuming is the method of choice for 
floor care in the operating room. 
Pryor, writing in the February 1970 
Executive Housekeeper says, “Unfor- 
tunately, mops are still in fairly wide 
use despite the overwhelming evi- 
dence that mopping, even at its best, 
cannot achieve the degree of micro- 
biological cleanliness felt necessary 
by most authorities.” He goes on to 
say, “Actually, in most instances, the 
spraying and wet vacuum pickup 
procedure need not take any more 
time than a good mopping procedure 
and in fact often takes less.”* Malli- 
son states that, in general, machine 
cleaning is more effective than clean- 
ing by hand, but that if wet mopping 
is used, a double-bucket technique 
should be used and all mops laundered 
daily.° 

If a wet mop must be used, a 
fresh mop must be used each time 
and no buckets at all. The floor can be 
flooded with detergent disinfectant 
(as discussed later) and a fresh mop 
head placed on the mop handle just 
prior to use. Following its one-time 
use, the mop head is removed and 
placed in the laundry hamper with 
other soiled linen from the operation. 
The mop handle may then be stored 
in the work area until needed again. 

Litsky recommends that “no dry 
mop should be used in the operating 
room—treated or nontreated. ... The 
vacuum cleaner with a filter diffuser 
exhaust is the cleaning tool of 
choice.”?” 

A central wet vacuum is ideal, but 
portable equipment is readily avail- 
able. If a factual cost analysis were 
done, purchase of equipment would, I 
believe, prove economical after con- 
sideration of all alternate costs. Pur- 
chase, replacement, laundering, and 
maintenance and personnel time in- 
volved in using mops is not inconse- 
quential. And, as stated earlier, wet 
vacuum pickup is so far superior as to 
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necessitate its use for patient safety. 

If waste and gross soilage are 
great, the wet vacuum equipment 
may be used dry for first treatment. 
The operating room floor is then 
flooded with detergent germicide dis- 
pensed from garden-type pump spray 
cans or automatic spraying devices 
which inject the germicide into a hose 
line equipped with a special spray 
wand. If these devices are not avail- 
able, a spray-type watering can may 
be used, although this method is 
slower and may wet unevenly. 

Following flooding of the floor, the 
wet vacuum pickup is used to pick up 
the solution before repositioning fur- 
niture. Pryor recommends that OR 
floors be machine scrubbed period- 
ically to remove accumulated deposits 
and films. After scrubbing and pickup 
with wet vacuum, the floor should be 
rinsed with dilute vinegar solution 
(.12 liters [12 cup] in 3.79 liters [1 gal] 
water) to help dissolve deposits.* 

The exterior of the equipment, the 
wand, and tubing are cleaned follow- 
ing each use, and special attention is 
given to cleaning the rubber blade be- 
fore the next case. If the wand has a 
brush attachment, this should be 
washed and autoclaved between uses. 

Walls need not be washed between 
operations, except for spot washing 
in the event of direct spray contami- 
nation. Overhead light reflectors 
should be wiped using a clean cloth 
wet with detergent germicide. 

After these cleaning measures have 
been completed, cloths should be put 
into laundry hamper bags, which are 
then fastened securely. Plastic bags 
containing waste disposal are also 
securely fastened and all removed to 
appropriate areas for handling and 
transit. 

The room is now ready for the next 
operation. With appropriate care, 
there is no need for quarantine of a 
room or for discrimination of types of 
operative procedures scheduled to fol- 
low in the same room. 

Since all cases are to be treated 
alike, there is no need for discussion 
on outmoded “septic carts.” 


Terminal Cleaning 


At the completion of the day’s 
schedule for each operating room, 
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more stringent and rigorous cleaning 
should be done in all areas previously 
discussed. Furniture should be thor- 
oughly scrubbed down, using good 
mechanical friction in addition to 
chemical disinfection. Mallison notes 
that “disinfection is only an adjunct 
to good physical cleaning; ‘elbow 
grease’ is probably the most impor- 
tant ingredient of any program of 
hospital sanitation.” 

Kick buckets and other waste re- 
ceptacles should be cleaned and dis- 
infected, even autoclaved when fea- 
sible. 

In cleaning equipment, such as 
electrosurgical units, care should be 
taken not to saturate surfaces to the 
degree that cleaning. solution runs 
into mechanism causing malfunction 
and unnecessary repairs. Cleaning 
personnel should receive special in- 
struction on the handling and clean- 
ing of delicate equipment. 

Casters and wheels should be 
cleaned and kept free of suture ends 
and debris. Equipment is available 
which automatically washes such 
things as carts, supply tables, and 
platforms, then steam cleans and 
dries within a matter of minutes. 

Walls should be checked daily for 
soil spots and cleaned as necessary. 
Floors should be treated to a thor- 
ough wet vacuum cleaning in the 
daily terminal cleaning. 

Scrub sinks, soap dispensers, and 
spray heads on faucets should un- 
dergo thorough cleaning daily with a 
mild abrasive for the sinks to remove 
oily film residue left by scrub deter- 
gents. Spray heads and soap dis- 
pensers should be disassembled for 
thorough cleaning and, if possible, 
sterilization of parts. Cabinet and OR 
doors should be spot-cleaned daily, es- 
pecially around handles or push plates 
where contamination is apt te occur. 

All floors in the operating suite 
should receive daily cleaning with 
wet vacuum pickup used dry and then 
wet; counter tops in work areas 
should be cleaned and sinks scrubbed. 
Walls around scrub sink areas should 
receive daily attention, since there is 
unusual spray and splash. Scrub de- 
tergents tend to build up on splash 
boards cr wall around the sink and it 
is very hard to remove an aceumula- 


tion. Transportation and utility carts 
need to be cleaned well and specific 
attention given to wheels and casters 
daily. 

Offices and lounge areas should be 
thoroughly cleaned daily, as well as 
intensively cleaned at such other in- 
tervals as traffic, use, and a good level 
of cleanliness require. 

All cleaning equipment should be 
taken apart, cleaned with detergent 
germicide, and allowed to dry thor- 
oughly so that it does not become a 
portable source of eontamination. 

Janitorial closets must be cleaned 
thoroughly and cleaning cloths put in 
laundry hamper bags to go to the 
laundry. Extra careful attention must 
be given to daily cleaning in trash 
and linen disposal areas sinee these 
may often be grossly soiled. Odor ac- 
cumulation is not uncommon in these 
rooms and deodorant spraying is 
often advisable. 

The foregoing remarks have been 
addressed primarily to daily house- 
keeping measures in individual 
rooms. However, there are additional 
needs for routinely scheduled clean- 
ing in these rooms, as well as ancil- 
lary and supportive areas in the suite. 


Weekly Cleaning 


The exterior of air conditioning 
grilles should be vacuumed at least 
weekly. Additional cleaning should be 
instituted around the grille frame 
when filters are checked and changed 
by hospital engineers or maintenance 
personnel. 
` While use of storage cabinets is 
tending to be replaced by portable 
cart storage, cabinets still exist and 
should be cleaned at least weekly or 
more often if needed. The same ap- 
plies to cabinets and storage shelves 
in work areas. 

Regular cleaning of autoclaves 
must not be neglected—it should be 
done weekly, or as recommended by 
the manufacturer. 


Additional Cleaning 
Considerations 


At this time, there are not suffi- 
cient data to evaluate steam cleaning 
for furniture and vehicles, but this 
may prove to be economical and prac- 
tical in the future. 
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Cleanmg of walls on a rotational 
basis is no’ recommended for daily, 
weekly, or «ven monthly routines. 

If spot disinfection and cleaning is 
accomplish immediately, there is no 
justification *or-regular special clean- 
ing techniqzes. Standards and rou- 
tines for g=reral institutional wall 
and ceiling =are ave adequate if con- 
tamination sad macroscopic soilage 
are cared fr as specified. Accept- 
ability of tke praetice of not wash- 
ing operatime room walls weekly, 
monthly, or at other time intervals 
depends up»7 adequate continuous 
supervisien. 

Since corrador walls are not under 
constant seutiny for soilage, it 
is suggested that they be washed 
monthly, although the old concept of 
required wesning at weekly or 
monthly mtervais is not realistic or 
necessary Amy routines for house- 
keeping musz. of necessity, be based 
on construction materials and fabrics 
used. If the OE walls are painted, or 
tiled with wie= poraus grouting, such 
factors sheule >e eonsidered in plan- 
ning cleanimz routines with the 
housekeepmg partment." 

Reference kas been made to 
cleaner-detereent-germicides and the 
question arises as to what constitutes 
a good agent. 5 many factors are in- 
volved in mdixmlual preferences and 
situations tha” E is not appropriate to 
recommenc aay ene product. How- 
ever, the one =l2cted should meet the 
following reqrements: (1) effective 
against a wide range of pathogens, 
including the @ubercule bacillus and 
Pseudomonas, 2) heavy-duty, film- 
free detergeney, (3) nontoxic and 
nonirritating, “® safe on commonly 
used material sad ne adverse affect 
on the electric! conductivity of the 
operating reom floors, (5) compatible 
with cleaning equipment, including 
wet vacuum pickup units, (6) econom- 
ical in-use Cilu.ens, (7) nonoffensive 
and virtually odorless in use." 

The use af feging techniques in 
the OR is frequently questioned. Hall 
states that ‘“th=ne is no valid proof 
that fogging, w <a present equipment 
and germicides. s an effective tech- 
nique for compfte sterilization of 
rooms. Basiealir it is an inefficient 
method. . . . Dect application of a 
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liquid germicide is a much more ef- 
ficient method of applying the mate- 
rial to a surface.” Hall goes on to say 
that the action on airborne contami- 
nants is only temporary since the 
sprayed agent settles or is exhausted 
with the room air.” 

Walter and others have been 
quoted numerous times as stating 
that fogging is a needless occupa- 
tional hazard achieving nothing in 
room sanitization unless everything 
is soaked, which is not appropriate in 
the OR.® 14:15 

Laminar air flow in surgical ORs is 
defined as air flow that is pre- 
dominately undirectional when not 
obstructed. A statement from the 
Committee on Operating Room Envi- 
ronment of the American College of 
Surgeons says that there is no conclu- 
sive evidence at this time that lami- 
nar, clean air flow, in itself, has a fa- 
vorable influence on the incidence of 
surgical wound infection." 

Studies indicate that ultraviolet ir- 
radiation for hospital use indicate a 
low percentile of kill for vegetative 
cells in the air stream and almost 
none for spores. Furthermore, the dis- 
advantages of cleaning and testing 
the equipment and of personnel pro- 
tection requirements seem to out- 
weight the efficacy in operating room 
üge, 1:18 

A very brief word about tacky mats 
is in order. Litsky holds that “tacky 
floor mats do not remove or destroy 
bacteria: they pull off dirt and give a 
false sense of security.” 

With respect to routine bacterio- 
logic sampling, the effectiveness of 
recommended procedures is only as 
valid as results obtained. Mallison 
says that environmental sampling in 
hospitals is important in developing a 
“hygienic index.” He recommends 
monthly random sampling of an OR 
floor, weekly check of steam ster- 


‘jlizers, and even more frequent check 


of ethylene oxide sterilizers. He fur- 
ther suggests routine sampling of 
certain fomites frequently associated 
with transmission of infections and a 
routine air sampling program.’ 

Beck additionally suggests that 
scrub sinks and certain horizontal 
surfaces have cultures taken rou- 
tinely.'® 


a ey Se 


There appears to be agreement in 
the literature as to the advantage of 
Rodac plates in good sampling pro- 
grams, although swab culture may be 
used for nonuniform and hard-to- 
plate areas. 


Additional information on operating room 
cleanup is described in the film “The Unsterile 
Field,” available from the Association of Oper- 
ating Room Nurses, 10170 E Mississippi Ave, 
Denver 80231. 
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Care of Anesthetic Equipment 


and Other Devices 


Deryck Duncalf, MB, ChB, FFARCS, Bronx, NY 


Equipment used for the administration 
and monitoring of anesthesia of patients 
must be maintained in optimal working or- 
der to ensure patient safety as well as con- 
venience and economy of operation. After 
use, disinfection, sterilization, and cleaning 
of breathing circuits of anesthesia machines 
and mechanical ventilators is essential to 
avoid cross-contamination. Common meth- 
ods of sterilization involve the use of glutar- 
aldehyde, heat, or ethylene oxide. The last 
agent is strongly recommended in those sit- 
uations where heat might damage the mate- 
rials or equipment being treated. Mechanical 
checking of anesthesia machines is neces- 
sary to make sure that they can be relied 
upon to deliver known amounts of oxygen, 
nitrous oxide, and inhalation anesthetic 
agents. Ideally, electronic monitoring de- 
vices should be kept in proper working order 
by a daily preventive program by trained, 
biomedical technicians. 


he anesthesiologist today must be 
familiar with an ever-increasing 
array of equipment used for the ad- 
ministration of anesthetic and moni- 
toring of patients. From the point of 
view of patient safety, convenience, 
and economy of operation, such de- 
vices must be in optimal working or- 
der. Safe design of equipment, and 
electrical as well as mechanical com- 
patibility are fundamental consid- 
erations. 

It is apparent that, as soon as pos- 
sible after use, anesthetic equipment 
should be left in readiness for imme- 
diate reuse in emergency situations. 
Such preparation involves disinfec- 
tion or sterilization, cleaning, and 
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punctual checking by suitable person- 
nel. 


Disinfection, Sterilization, 
and Cleaning of Equipment 


The problems of cross-contamina- 
tion of anesthetic breathing circuits 
have been extensively discussed re- 
cently in an excellent monograph.: In 
a questionnaire study of the sterility 
of anesthetic equipment,’ in which all 
directors of anesthesiology training 
programs were surveyed, only 82 of 
157 respondents tested their imhala- 
tion systems bacteriologically. Posi- 
tive cultures were found by 56 of the 
82 who had checked their equipment. 
Most of those who replied cleaned 
their apparatus after use by some 
means or other; however, only 44 re- 
spondents attempted sterilization af- 
ter each use. Such a casual approach 
to sterilization is indeed a sad com- 
mentary on the prevailing standard 
of this aspect of anesthesiology prac- 
tice. 

Undoubtedly, cross-infections have 
been traced to inhalation apparatus. 
In a cardiac surgical unit, an out- 
break of Pseudomonas aeruginosa in- 
fections of the respiratory tract in 
seven patients, three of whom died, 
was traced to the reservoir bag and 
breathing tube of an anesthetic ven- 
tilator.? Contaminated anesthesia 
machines‘ and an endotracheal tube® 
were the source of organisms causing 
postoperative pneumonia leading to 
death in some instances. 

Most, if not all, anesthesiologists 
would agree that sterilization of 
breathing circuits of anesthesia ma- 
chines and mechanical ventilators is 
essential after their use in patients 
with a demonstrated or suspected in- 


fection of the respiratory tract. In the 
majority of patients, these criteria 
are not present, and a less rigor- 
ous approach to decontamination is 
adopted frequently. Since there is al- 
ways a risk of equipment contamina- 
tion by unsuspected organisms, the 
safest policy undoubtedly is to at- 
tempt to sterilize all breathing 
circuits between each use, or use dis- 
posable, presterilized breathing cir- 
cuits. This is particularly important 
in patients who are vulnerable to in- 
fections because of debilitating dis- 
ease or those whose resistance to in- 
fection is impaired by steroids or 
antimetabolite therapy. 


Methods of Sterilization 


A wide variety of physical and 
chemical methods are available for 
sterilization of anesthetic equip- 
ment.** Although the trend is to use 
more and more presterilized, dis- 
posable equipment, probably there 
will always be a significant residue of 
nondisposable items that require 
sterilization. 

Commonly used agents of sterili- 
zation include glutaraldehyde (Cidex), 
isopropyl! alcohol, heat, and ethylene 
oxide. 

Glutaraldehyde.—This compound 
seems to have all the attributes of the 
ideal cold sterilizing agent in terms 
of its biological spectrum and speed 
of action. In a 2% solution buffered 
with sodium biearbonate, glutaral- 
dehyde does not impair the electrical 
conductivity of antistatic rubber, 
penetrates to inner surfaces, can be 
removed readily by washing, does not 
cause deterioration of rubber or plas- 
tic, and does not coagulate blood or 
protein.’® An automated process is 
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now availatk, meorporating cold 
sterilization = th activated glutaral- 
dehyde, cleans ng with a detergent, 
washing, rim=ing, and drying. This 
decontamina -en system is able to 
process six sampiete sets of anes- 
thetic equipment per cycle lasting 100 
minutes. 

Isopropyl aleohel.—This agent is 
slightly more effective as an anti- 
septic than etyl alkohol and is fully 
miscible witk water. It can be used 
for the surface cleening of equipment 
such as anesthesia machines and 
carts. 

Heat.—-A eemmon anc effective 
method of h&t stenilizaticn used for 
instruments, =«lutions, and drugs in- 
volves the use ef saturated steam un- 
der pressure This process of auto- 
claving is conmenient and inexpensive 
and does not. eave toxic residues on 
treated maverials. The principal 
drawback ef <atockwing is that it ac- 
celerates the deterioration of rubber 
items such breathing tubes and 
endotracheal -bes It may also cause 
rusting of velves and recording in- 
struments. A. -he present time, it is 
perhaps most sefa] for sterilization 
of regional smesthetic block sets or 
when time dœ not permit the use of 
other methods suck as ethylene oxide 
sterilization. 

Ethylene Oziee.—This toxic gas is a 
highly effectie fumigant. It can be 
used to sterře rubber and plastic 
materials, raschanical ventilators, 
and electronie equipment. After ster- 
ilization, aeration & necessary to en- 
sure that all g== residues are removed 
from the treated equipment. Eth- 
ylene oxide sterilization is strongly 
recommended in those situations 
where heat might damage the mate- 
rials or equipment being treated. 

Burns of the fac and leryngotra- 
cheal inflammatier from an inade- 
quately aeraved, rubber anesthetic 
face mask aac endotrackeal tubes 
have been reperted**? Laryngeal ob- 
struction’ arm bilateral vocal cord 
paralysis“ have followed intubation 
with gas-st=milzed endotracheal 
tubes. 

It is now aparent that adequate 
aeration time rust. be allowed for all 
the ethylene œde te elute from the 
sterilized materal. This may take up 
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to seven days with polyvinyl chloride; 
however, a heated aeration will 
shorten this period to eight hours. 
Currently available equipment incor- 
porates a heated absorption cycle. 
External Cleaning.—External clean- 
ing of equipment is necessary from 
an aesthetic standpoint, and to limit 


the risk of cross-contamination from - 


surface contact and dust-borne orga- 
nisms. 

Anesthesia machines should be 
washed down with isopropyl alcohol 
at least once a week or gone over in- 
dividually if they get dirty from blood 
or secretions in between successive 
periods of use. When used for the ad- 
ministration of anesthesia to patients 
who present a known or suspected 
contamination hazard to other pa- 
tients, more thorough disinfection 
and cleaning is indicated. Fogging of 
the entire operating room and its con- 
tents with bactericidal aerosols may 
be a useful initial step in such situ- 
ations. Obviously, the entire cleanup 
operation will be simplified if the 
amount of equipment and number of 
anesthetic medications is kept to 
a minimum when contaminated pa- 
tients are involved. The use of dis- 
posable equipment, such as breathing 
tubes and suction, facilitates the af- 
ter-cleaning. These items should be 
placed in plastic bags in the operating 
room for subsequent disposal. 

Anesthesia carts and cabinets 
should be wiped off with isopropyl al- 
cohol after each use or given the same 
treatment as a contaminated anes- 
thesia machine should the need arise. 

A plea is made for some attempt at 
ongoing good housekeeping during 
the administration of anesthesia, to 
limit potential sources of contamina- 
tion. For example, a specific area 
should be reserved for equipment 
used for endotracheal intubation. 
This may be the top of a cart, cabinet, 
or anesthesia machine. It should be 
draped with disposable toweling that 
is impervious to moisture. All equip- 
ment that may be used for main- 
tenance of the airway should be set 
up on this area to use and returned to 
the same area if needed again. Dis- 
posable items that will not be used 
again should be discarded in suitable 
containers. Nondisposable equipment 


should be set aside in a suitable loca- 
tion for cleaning and testing as soon 
as is feasible. The adoption of these 
simple routines will lessen the risk of 
contamination of equipment needed 
on subsequent patients, facilitates 
terminal cleaning, and is aestheti- 
cally more desirable. 


Mechanical Checking of 
Anesthetic Equipment 


Anesthesia machines and mechani- 
cal ventilators must be checked peri- 
odically to ensure that they function 
correctly during operation. 

Anesthesia Machines.—An anesthe- 
sia machine should be capable of ad- 
ministering precisely known amounts 
of oxygen and nitrous oxide and inha- 
lation anesthetic agents. The primary 
sources of oxygen and nitrous oxide 
are usually supplied to the machine 
via pipelines at 2,585.8 mm Hg. This 
pressure can be checked with a ma- 
nometer at suitable intervals. A re- 
serve supply of oxygen and nitrous 
oxide in cylinders is available in the 
event of failure of the piped supply. 
The full cylinders should be so labeled 
and used only after partially full cyl- 
inders have been exhausted. There 
should be no leaks within the entire 
system. Pin indexes should be located 
in the approximate cylinder yokes to 
prevent cylinders being located in the 
wrong position, thus avoiding the 
possibility of nitrous oxide or cy- 
clopropane being accidentally admin- 
istered instead of oxygen. The ab- 
sence of leaks in check valves that 
prevent transfilling of the same gases 
is particularly important in the case 
of oxygen to avoid a possible fire haz- 
ard. The above checks aim to ensure 
reliability of oxygen and nitrous 
oxide supplies to anesthesia ma- 
chines. Fail-safe systems, low-pres- 
sure alarms, and oxygen sensors for 
measurement of oxygen concentra- 
tion in breathing systems can provide 
additional safety measures if they 
also function in a reliable manner. 
Before an anesthesia machine is used, 
the adequacy of gas supplies and ab- 
sence of leaks must always be veri- 
fied. 

Storage of cylinders should be in 
accordance with prevailing codes,” 
and oil, grease, or any flammable 
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agent should not be stored in the 
same area. 

Concerning the remaining compo- 
nents of the anesthesia machine, flow 
meters are sensitive to dust, espe- 
cially at low flows and should be 
cleaned when necessary. The control 
valve of the vaporizer may stick due 
to the presence of stabilizers in the 
volatile anesthetic agent. Periodic 
draining avoids this problem. Calibra- 
tion should be checked at suitable 
time intervals. Ultraviolet light ab- 
sorption is especially suitable for 
measuring halothane concentration. 
In the breathing circuit, valves should 
be kept clean to prevent sticking of 
the valve disk to its seat. 

Mechanical Ventilators.—The cor- 
rect functioning of a mechanical ven- 
tilator is less critical than that of an 
anesthesia machine since it is always 
possible to maintain ventilation by 
manual compression of a reservoir 
bag. Providing there are no leaks in 
the system, a mechanical ventilator 
can be expected to give many hours of 
service with very little attention 
aside from routine cleaning and ster- 
ilization. Many aspects of the func- 
tion of a mechanical ventilator can 
be determined by attaching the pa- 
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tient’s end of the breathing tubes to a 
“dummy lung” which is merely a rub- 
ber bag partially filled with foam 
rubber, the manual compression and 
release of which simulates a sponta- 
neous inspiratory effect. 


Care of Electronic Devices 


The use of medical electronic de- 
vices is expanding at a phenomenal 
rate. This is particularly the case in 
operating and recovery room areas 
where the proper functionmg of 
elaborate electronic devices is often 
helpful or even essential for the suc- 
cessful conclusion of many operative 
procedures. Obviously, failure of life- 
support equipment may have fatal 
consequences. Whenever monitoring 
equipment fails, there is a less com- 
plete awareness of the changes being 
measured that leads to suboptimal as- 
sessment and management. Unfortu- 
nately, the use of medical equipment 
per se, particularly when it is faulty 
or incorrectly used, is responsible for 
a significant mortality and morbidity. 
Recognition and prompt correction of 
defective electronic devices will re- 
duce the frequency of these problems 
and in eddition will decrease down 
time and lessen inventory size. 
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A daily preventive maintenance 
program by trained biomedical tech- 
nicians is the best solution for larger 
hospitals with extensive instrumenta- 
tion." Such an arrangement is proba- 
bly not feasible for smaller hospitals, 
for which the mest practicable ar- 
rangement might be a weekly pre- 
ventive maintenence program in 
which the resources of a larger insti- 
tution are shared. Initial experience 
with a hospital-based preventive 
maintenance program involved the 
routine daily checking of electronic 
instruments in the operating rooms 
and recovery rooms according to ap- 
propriate test specifications. During 
the six-month survey of 66 electronic 
instruments, 34 defects were dis- 
covered through routine checks, 25 de- 
fects were brough: to light by oper- 
ator complaints, and there were eight 


false alarms. All encountered defects 


were repaired ir situ or in the 
bioengineering leboratory without 
recourse to outside vendors except for 
parts. Our intramural costs and the 
down time of defective equipment 
were less than wculd have been the 
case if recourse to outside service per- 
sonnel had been made for repairs. 
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Operating Feom Hazard Control 
Perscnnel, Discipline, 
and Infection 


Peter Dineen, "ID, New York 


It has been seinted out that one of the 
great stumbling blocks to the prevention of 
infection in the operating room is not the 
lack of proper equipment and mechanics but 
rather the lack =f discipline and the enforce- 
ment of goed <2chrique, speci*ically inade- 
quate scrubbieg, gloving, gowning, and, 
most especially hair covering by the person- 
nel, as well as reparation of the patient's 
skin. 


x one surveys the personnel in 
and areand the present-day op- 
erating room. the suggest on is very 
strong that ae may have come full 
cycle and ase mow entering a pre- 
Listerian ema. The permissiveness 
that has perveded so much of our soci- 
ety, under the gaise of free spirit or 
liberation, h& threatened, and indeed 
at times ever inwaded, the sacrosanct 
area of the epe-ating rocm. In the 
time of Amlmose Pare, attention was 
directed te tue immediate 2mergency 
surgical proj@dure, but the surround- 
ing environrasnt was left untouched. 
Since the eortribations of Lister, Hal- 
sted, and numberless others, the pa- 
tient in the serating room is as pro- 
tected fram Dac-erial conzamination 
as is humank possible. Inceed, under 
certain cirew-mstances, this reached 
such a degree o` fetishism that the 
actual operacion was almost impos- 
sible to do because of the equipment 
and barriers through which the sur- 
geon was fecced to man pulate. In 
contrast to shes highly specialized 
situations, th2ne has tended to be in 
the everyday course of surgery a loss 
of general prmeiples and discipline 
that has inevitably led to serious 
breaks in teehnique. 


Garrent Status 


Because o- increased technological 
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advances in so many areas that affect 
the operating room, a great deal of 
hardware and mechanics have been 
introduced, which unfortunately are 
sometimes misused as substitutes for 
good procedures. For example, just 
because one is wearing a mask that 
has good microbial filtration, it does 
not mean that the surgical team 
should babble on about inconsequen- 
tial things during an entire operative 
procedure. Also, in preparation of the 
skin, one should not depend on ger- 
micidal solutions as a substitute for 
good mechanical cleansing. 

Personnel contribute to infection in 
two ways. The first is by exercising 
improper technique, and the second is 
by delivering bacteria to the oper- 
ating room and eventually to the pa- 
tient’s wound. Much has been written 
over the years about good surgical 
technique, and suffice it to say that 
the gentle handling of tissues and the 
removal of all necrotic and foreign 
material from a wound are essential 
to prevent a nutrient base for the 
bacterial contaminants. 

It is known, of course, that every- 
one carries bacteria to a greater or 
lesser degree. Furthermore, it should 
be mentioned that there is a signifi- 
cant variation in the number of orga- 
nisms that individuals carry on their 
skin, or in the nasopharynx, from 
time to time. Also, there is a great 
difference in the number of orga- 


nisms from one individual to another. 


Nevertheless, there are certain per- 
sons who can be identified as “shed- 
ders” of virulent bacteria into the en- 
vironment. These are individuals who 
can be detected in an area by air sam- 
pling. They literally desquamate, and 
virulent bacteria are shed with the 
skin cells into the environment. This 
is a situation peculiar to certain indi- 
viduals, and they are detected readily. 
This has been well described by Kund- 
sin et al.’ All investigators who are 
interested in this area have been able 
to identify such individuals. These 


people are usually shedders of coag- 
ulase-positive Staphylococcus aureus. 
These individuals are a real hazard. 
However, there are other groups of 
personnel who fall into the so-called 
carrier state. These persons carry 
coagulase-positive Staphylococcus 
aureus in their nasopharynx or in 
their hair, but have no overt lesions. 
It has been found over the years that 
these people can work in the oper- 
ating room without any increased 
hazard to the patient, as long as they 
follow the proper techniques of mask- 
ing, proper hair cover, and proper 
skin preparation. Therefore, the sig- 
nificant difference between a simple 
carrier and a shedder lies in the po- 
tential hazard to the patient. The 
shedder presents a real threat, 
whereas the carrier without any overt 
lesions does not. 

It has been shown by many investi- 
gators that the hair is a site for col- 
onization by Staphylococcus awreus, 
and that perhaps this is even a more 
common site than the nasopharynx. 
The scalp is a common target of mi- 
crobial disease and as such is a poten- 
tially dangerous source of infection 
per se. Therefore, the presence of con- 
taminated hair and scalps, or of scalp 
infection per se, is a valid source of 
concern in environments conducive to 
the transmission of pathogens and 
opportunistic organisms. At this cen- 
ter, three years ago, a series of more 
than 12 serious Staphylococcus wound 
infections occurred in one surgical 
service in a period of a few weeks.* 


This epidemic was traced to one per- | 


son who carried Staphylococcus 
aureus of the same phage type in his 
hair, but not in the nose or throat. By 
instituting vigorous antimicrobial 
shampooing with povidone-iodine 
shampoo, and having the hair cut 
shorter, it was possible to stop the ep- 
idemic. It should be noted, however, 
that the establishment of a wound in- 
fection under these circumstances re- 
quires two things: the first is the 
presence of the organism (apparently 
delivered from the uncovered hair of 
the surgeon), and second, a situation 
in the wound that permits the coloni- 
zation and multiplication of the orga- 
nisms. Good surgical technique re- 
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duces the chance of infection by 
making the wound a less ideal base 
for bacterial replication. 

It is certainly clear that attention 
to the hair and scalp of all personnel 
should be included in any program 
seeking to reduce the infection rate 
in the hospital. 

However, it can be noted by vis- 
iting many operating rooms through- 
out the country that members of the 
operating room team will have inade- 
quate masks and will have hair covers 
that do not nearly control all of their 
hair, that the scrubbing of the surgi- 
cal team is inadequate and hap- 
hazard, and the prepping of the pa- 
tient is a matter more of speed than 
of thoroughness. Similarly, the drap- 
ing and gowning is frequently associ- 
ated with contamination. 


Recent Developments: 
Prepping of the Skin 


It has been shown recently in this 
laboratory and in several others that 
adequate preparation of the skin of 
the surgical team can be obtained in a 
relatively simple manner.‘ This in- 
volves a prescrub in which the me- 
chanical cleansing of gross dirt is 
done; usually an iodophor detergent 
of some kind is used for this. Iodo- 
phors are organically bound iodine 
preparations that slowly release io- 
dine when applied to the skin. They 
are germicidal, have a wide bacterio- 
logical spectrum, and are of very low 
toxicity. Following this, the sub- 
ungual areas are cleaned with an or- 
angewood stick, and then the actual 
scrub is undertaken. The bacterial 
counts on the hands and fingers can 
be reduced to almost zero and main- 
tained at that level for at least eight 
hours with the use of povidone-iodine 
surgical scrub. Povidone-iodine is one 
of the iodophors. It has had very wide 
acceptance and is used both for prep- 
aration of the patient’s skin, as well 
as the skin of the surgical team. 

Preparation of the patient’s skin in 
the area for operation also requires a 
mechanical cleansing that should take 
a minimum of about five minutes, not 
because this length of time is needed 
for the germicide to act, but because 
it takes that long to mechanically 
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cleanse the area adequately. Follow- 
ing this, a germicide is applied which 
provides a film that should last for the 
length of the operation, if it is not re- 
moved by some mechanical means, 
thus providing adequate pretection 
against skin organisms. 

It has been reported recently by 
this laboratory and others that drap- 
ing and gowning materials of a non- 
woven type, which prevent the pas- 
sage of water through the material, 
also prevent bacteria from passing 
through.°* 

The use of masks that are superior 
microbial filters is mandatory. They 
should also fit the face properly. It 
has been shown that a good mask will 
have a microbial filtration of about 
95%, and it will remain effective for 
up to eight hours.’ 

Lastly, it is of extreme impertance 
to have good and thorough hair cov- 
ering. No hair should be exposed, 
whether it be long or short. There are 
now some prototypes availabie that 
are not only quite effective in the pre- 
vention of bacterial pass-through, but 
also are comfortable to wear and pre- 
vent contamination from this source.’ 

The specialty areas of joint replace- 
ment anc similar high-risk situations 
have led to the use of very special 
techniques, such as the unit direc- 
tional flow, the aspirator, helmet, and 
double gowning and gloving. 


Where Then Is the Hazard 
in the Operating Room? 


It seems most likely that the real 
hazard to the patient in the operating 
room is not the personnel per se, or 
inadequate equipment, but lies in the 
area of discipline or the lack of it. As 
mentioned earlier, the advances in 
the field of nonwoven materials, good 
masks, excellent scrubbing faczilities, 
and germicidal solutions have liter- 
ally put in the hands of the surgeons 
an opportunity to almost completely 
control the environment, and yet we 
do not do as well as we could. The key 
words for the operating roem are 
technique and discipline, and for 
these to be implemented requires ag- 
gressive supervision. Each institution 
has its own set of rules or guidelines 
for procedures in the operating room. 





These will vary slightly from institu- 
tion to institution, but in general it is 
a system that prevents bacteria from 
getting from personnel, or inanimate 
sources, into the wound. It is essential 
that all personnel in the operating 
room, from the operating surgeon to 
the visitor or orderly, observe the 
rules and follow them meticulously. 
Actually, the same discipline applies 
to good surgical technique. It is in- 
cumbent upon the more senior sur- 
geons, who are instructing and guid- 
ing their younger confreres, to 
impress upon these individuals the 
importance of good hemostasis, the 
obliteration of dead space, the re- 
moval of necrotic tissue, adequate 
drainage when indicated, and, most 
of all, the gentle handling of tissue, 
the need for which we have heard so 
often and pay little more than lip ser- 
vice to on many occasions. One thing 
that must be abhorred is the use of 
blunt dissection, which frequently is a 
euphemism for tearing and stretch- 
ing when neat, sharp, dissection can 
do the task so much more readily. 
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~ When you start. 
menopausal patients 
on estrogen, 


you probably perform 
a Pap test... 


but what about 
checking for 


endometrial cancer? 
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Survival rates improved with early detection 
The survival rate for endometrial carcinoma can be improved 
significantly when this disease is detected early and treated 
promptly. Therefore, before placing patients on a course of 
estrogen therapy it may be appropriate, in the absence of stenosis, 
pregnancy, and clotting deficiencies, to evaluate the 
endometrium. Patients who are taking estrogen, and who will 

3 continue its use, may also benefit from a periodic assessment for 

Mi endometrial changes. 


< j j Ta 
3 oS Dae Pe aa TER 
Soei z MA BON “, Be i 





è Dé pals k4 — g 
Paste 4 -y 4 eis 
ie) ir. Ai 4 ; z yé ? 


p i. ay 


_ A convenient screening procedure 
The Gravlee Jet Washer is suitable for assessing endometrial 
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j nges in the menopausal patient, either prior to or during 
` estrogen therapy. Used as part of the routine pelvic examination 


of asymptomatic women over 45, it may well serve both 
physician and patient as usefully as the Papanicolaou test for 

- cervical cancer. | 

The Gravlee Jet Washer employs the principle of negative 
pressure to wash out and collect specimens of endometrial cells 
and tissue fragments. This unit is sterile, disposable, and 

easily fits into an office procedure. 
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Acute Hemorrhagic 


Pancreatitis in the Dog 


I. The Action of Bile 


Herbert Schapiro, PhD; Louis G. Britt, MD; 


Carolyn F. Blackwell, MD; Kenneth J. Gaines, MD, Memphis 


Acute hemorrhagic pancreatitis was pro- 
duced in the dog by the closed-loop tech- 
nique. The presence of bile in the closed 
loop was not needed to induce the pan- 
creatitis; however, its presence influenced 
the appearance of the disease. Bile in the 
closed loop caused an earlier appearance of 
pancreatic acinar tissue disruption and ele- 
vated serum lipase, alkaline phosphatase, 
and lactic dehydrogenase levels; there were 
increased fluid volumes in the closed loop 
and higher amylase concentrations in the 
peritoneal fluid. 


t has been shown that canine pan- 
creatitis can be produced experi- 
mentally by a closed duodenal loop.'” 
It is not known, however, whether the 
sequence of events leading to the pro- 
duction of acute hemorrhagic pan- 
creatitis may be modified by the pres- 
ence of bile in the closed loop. This 
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study was designed, therefore, to 
evaluate the relative importance of 
bile in the production of acute hemor- 
rhagic pancreatitis in the dog by the 
closed-locp method. 


Materials and Methods 


Thirty-one mongrel dogs weighing be- 
tween 14 and 28 kg were used. The dogs re- 
ceived no feeding other than water ad libi- 
tum for a period of at least 20 hours 
preoperatively. Using pentobarbital so- 
dium intravenously, a midline laparotomy 
was performed. A closed duodenal loop, 10 
cm in length, was created by occluding the 
duodenum with 0-silk at the pylorus and at 
a point distal to the ventral pancreatic 
duct (Figure). The blood supply tothe pan- 
creas and the duodenal loop was preserved. 
In 14 dogs, bile was excluded from the 
duodenal loop by ligating the common bile 
duct near its entrance into the duodenum, 
while in 17 dogs bile was allowed to enter 
the duodenal loop. Towel clips were used to 
approximate the abdominal wall so that 
the abdominal cavity could readily be 
opened and peritoneal fluid and fluid from 
the closed loop could be sampled at varying 
time intervals. 

The animals were kept anesthetized and 
on heating pads for varying periods of 
time up to 24 hours or until they died. A 
physiological saline solution was infused 


continuously through a jugular vein cathe- 
ter. A control blood sample was taken from 
the anesthetized dog before the operation 
and then blood samples, peritoneal fluid, 
and duodenal loop fluid were taken at 
regular intervals for chemical determina- 
tions. The serum, peritoneal, and closed 
duodenal loop amylase concentrations were 
measured by a modification of the Cara- 
way’ and the Rice‘ methods. The serum li- 
pase concentration was determined by the 
Tietz modification? of the Cherry and 
Crandall method.’ The other chemical de- 
terminations were made on an automated 
multiple analyses system.’ Some of these 
dogs were studied for three hours while 
others were killed at three-hour intervals 
up to 12 hours, after which time they were 
killed every six hours up to 24 hours. 
Biopsies of pancreatic tissue were taken at 
the termination of each experiment, pre- 
served in buffered formalin, and examined 
histologically with a hematoxylin-eosin 
stain. 


Results 


The results of these studies will be 
presented in two sections. In the first 
section, data will be presented on the 
effects of bile exclusion on the produc- 
tion of closed-loop pancreatitis; the 
second part will deal with the effect 
of bile on the production of closed- 
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loop panereatitis. 

The Effects of Bile Exchusion on the 
Production ef Closed-Loop Pancrea- 
titis—The »=ritoneal fluid amylase 
coneentratiom was elevated within 
three hoursand then slowly rose four- 
fold over the 24-hour period, while the 
white bleod cel count (WBC) in- 
creased by six hours and almost 
doubled at the end of 24 hours (Table 
1). The serura amylase and the alka- 
line phosph-tase levels were elevated 
by 18 hours amd the serum lipase, the 
LDH, and Fe serum glutamic oxa- 
loacetic transaminase (SGOT) values 
rose after 2- hours of a closed-loop ob- 
struction ‘Tasle 1) Finally, the am- 
ylase concemration in the closed 
duodenal loer was over 200,000 units 
within thre= hours and then gradu- 
ally fell te = mean of 20,000 units at 
24 hours (Tele |). The m2an volume 
of fiwid in the elesed duodenal loop at 
12 hours was 39 mL 

Histologic examination of the 
pancreas rewesled a slight extravasa- 
tion of red aloed cells RBC) and 
WBC into -e connective tissue 
spaces by thr=e hours, and engorge- 
ment of some sancreatic blood vessels 
and a fibrine material in some of 
the pancreatie ducts after six hours. 
A slight edema of the pencreas ap- 
peared by nme hours and acinar tis- 
sue disruptiam was seen at 12 hours. 

The Effeets ef Bile-on the Production 
of Clesed-Loep Pancreatitis.—The peri- 
toneal fluid smrlase corcentration 
was elevatec vitain three hours and 
then slowly tose ninefold over the 24- 
hour period while the WBC increased 
by six hours and rose by elmost 50% 
at the end of “4 hours (Table 2). The 
serum alkaline phosphatase level was 
elevated at E hours; the serum am- 
ylase, lipase, amd LDH concentrations 
were imcreasec at 18 hours; and the 
serum SGOT jewels rose after 24 
hours of a esed-toop obstruction 
(Table 2). Fimally, the amylase con- 
centration in e dosed duodenal loop 
was over 1300 units within three 
hours and thes gradually fell to a 
mean of 3,000°cmits at 24 hours (Table 
2). The meam ~olume of fluid in the 
closed duoder= loep at 12 hours was 
88 ml. 

Histologieal examination of the 
pancreas reveciec some extravasa- 
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tion of RBC and WBC into the con- 
nective tissue spaces by three hours 
and engorgement of some pancreatic 
blood vessels and a fibrin-like mate- 
rial in some of the pancreatic ducts 
after six hours. Edema with acinar 
tissue disruption was seen by nine 
hours. 

In both groups of dogs the serum 
electrolyte (sodium, chloride, potas- 
sium, bicarbonate, and calcium) lev- 
els; the hemoglobin level; the hemato- 
crit reading; and the RBC were not 
significantly altered during the pe- 
riod of study. 


Comment 


The presence of bile in the closed 
duodenal loop seemed to increase the 
morbidity of the experimentally in- 
duced pancreatitis, and to increase 
the rate of rise in the serum alkaline 
phosphatase, LDH, and serum lipase 
levels more than was seen with the 
exclusion of bile from the closed loop. 
These experimental observations and 
previous reports will be reviewed. 

Morbidity and Mortality.—Numerous 
studies in the dog confirm the produc- 
tion of acute hemorrhagic pancreati- 
tis by the closed duodenal loop method 
with bile exclusion.?*-*° The pan- 
creatic ducts were ruptured within 18 
to 20 hours after surgery ° and ap- 
proximately 40% of the dogs were 
dead within 24 hours. Edema with 
some extravasation of blood was seen 
in 4 hours, small areas of hemorrhage 
with extensive extravasation of blood 
was observed by 9 hours, and pan- 
creatic hemorrhage was noted by 11 
hours.*:*'*:° In monkeys, closed-loop 
obstruction also resulted in an acute 
hemorrhagic pancreatitis’”**; how- 
ever, when no pancreatic reflux oc- 
curred, pancreatitis did not develop.’ 
In this study, the presence of bile in 
the closed duodenal loop had a tempo- 
ral influence on the appearance of the 
acute hemorrhagic pancreatitis. Pan- 
creatic acinar tissue disruption ap- 
peared after 9 hours in those dogs 
with bile emptying into the closed 
loops, and after 12 hours in those dogs 
with the bile excluded from the closed 
loops. All the dogs studied longer 
than 12 hours developed acute hemor- 
rhagic pancreatitis. Microscopy at the 
varying time intervals up to 24 hours 
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revealed intact pancreatic ducts, as ` 


had previously been reported.” 

Peritoneal Fluid.—The production of 
pancreatitis by the injection of fluid 
into the canine pancreatic duct in- 
creased the albumin and free hemo- 
globin in the peritoneal fluid.® Tem- 
porary occlusion of the celiac artery, 
with injection of bile into the canine 
pancreatic duct, also caused an in- 
crease in peritoneal amylase values 
over a five-hour period.*' When the 
common bile duct and the pancreatic 
duct were connected with a polyvinyl 
tube into an obstructed common sys- 
tem, between 200 to 300 ml of hemor- 
rhagic fluid appeared in the abdomi- 
nal cavity with an elevated amylase 
content.” Finally, the production of 
pancreatitis by the closed duodenal 
loop procedure always resulted in an 
ascitic fluid,> +? with a high am- 
ylase content.*""*!4 In this study 
the closed duodenal loop produced an 
elevated peritoneal fluid amylase con- 
centration within 3 hours that rose 
steadily over the 24-hour period. This 
increase in the peritoneal fluid am- 
ylase concentration was greater after 
12 hours in dogs in which bile entered 
the closed duodenal loop, so that at 
the end of 24 hours it was almost 
twice as high as the peritoneal fluid 
amylase concentration in dogs from 
which the bile had been excluded 
from the closed loops. 


Fluid in the Closed Duodenal Loop.— 


In earlier studies, examination of the 
fluid in the closed duodenal loop re- 
vealed that it was foul-smelling’* and 
the amount increased from 30 ml at 
the end of 1 hour to 85 ml 11 hours af- 
ter the surgery.’ No correlation, how- 
ever, was found between the degree 
of pancreatitis and the volume of 
fluid in the closed loop.” In the pres- 
ent study, the amylase concentrations 
in the closed duodenal loops were 
markedly elevated within three hours 
and then gradually fell over the ex- 
perimental period. However, at the 
end of 24 hours these amylase concen- 
trations were still elevated and the 
presence or absence of bile in the 
closed loops did not alter the charac- 
ter of the foul odor. Finally, the mean 
12-hour volume of duodenal loop fluid 
was 88 ml when bile was allowed to 
enter the closed loop and only 39 ml 


Hemorrhagic Pancreatitis/Schapiro et al 609 


eee, ES ee 





= Sirs i ae | Ay Paar LET oe 
_ r 4 = b 


Table 1.—Effect of Bile Excluded From Closed Duodenal Loop on 
Production of Acute Hemorrhagic Pancreatitis 


Peritoneal 

fluid amylase 
Duodenal 

loop amylase 


WBC X 10° 


Alkaline 
phosphatase 


Serum amylase 
Serum lipase 
LDH 


SGOT 


when bile was excluded. 

Blood Volume.—In a study in which 
acute hemorrhagic pancreatitis was 
induced in dogs, a 31.5% plasma loss 
was observed after four hours,** while 
in another experiment a 33.3% plasma 
loss was seen after two hours, and a 
39% plasma loss occurred at the end of 
six hours.” In the present study con- 
tinuous intravenous fluid replacement 
prevented the previously observed 
plasma volume deficits. 

Serum Enzymes.—El]man and associ- 
ates**** were the first to recognize the 
association of an elevated serum am- 
ylase value with acute pancreatitis 
and recommended that the determi- 
nations be used as a diagnostic test. 
In human pancreatitis, the serum am- 
ylase value rises within 2 to 12 hours 
of the onset of the disease. However, 
it is not possible to predict the extent 
of pancreatic damage from the de- 
gree of elevation of the amylase con- 
centration. In dog studies acute hem- 
orrhagic pancreatitis caused by the closed 
duodenal loop resulted in elevated se- 
rum amylase,”?°?*:**-*" serum lipase,”** 
and serum trypsin levels.** Again, 
there was no correlation between the 
severity of the pancreatitis and the 
elevation of serum amylase,”*** serum 
lipase,” or serum trypsin levels.” In 
monkeys, the closed-loop obstruction 
also resulted in an elevated serum 
amylase.” Abdominal surgery had no 
effect on the serum amylase activity 
in the dog,” but pancreatic duct liga- 
tion in dog** or monkey” resulted in a 
gradual increase in serum amylase. 
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6 Hours 
2,983 
1,799.3 
189,080 
448 
23.2 
5.4 

44 

18.3 
1,474 
445.4 
0.9 
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59 

21.0 


32 
12.4 
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4,557 


18 Hours 24 Hours 
10,425 
1,694.8 aes 4,725.0 
36,938 42,150 20,175 
210 Sy 1,095 
33.7 35.5 38.8 
10.0 12.2 10.4 
64 91 128 
17.5 21.2 29.8 
1,480 3,220 3,473 
556.9 1,138.8 689.0 
0.8 0.8 3.8 
2.02 1.61 0.91 
66 67 103 
10.7 2.0 S17 
38 43 60 
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Closed duodenal loop in the dog. 


Canine pancreatitis caused by inject- 
ing bile into the pancreatic duct and 
ligating the ducts resulted in elevated 
systemic, portal vein, and thoracic 
duct lymph amylase™ and lipase 
levels within ten minutes after the 
pancreas was damaged. An elevated 
serum amylase level was also ob- 
served in high intestinal obstruction 
in dogs.‘' In this study, the closed 
duodenal loop caused acute hemor- 
rhagic pancreatitis with an elevated 
serum amylase concentration in both 
preparations within 18 hours; how- 
ever, an elevated serum lipase level 
appeared in those dogs with bile in 
the closed loop three hours before it 
appeared in those dogs with bile ex- 
cluded from closed duodenal loops. 
Serum Calcium.—When a moder- 
ately severe but nonfatal pancreatitis 
was induced by the injection of a 


trypsin-bile salt mixture into the 
main pancreatic duct, there was an 
augmented excretion of urinary cal- 
cium.* In this study, no change in the 
serum calcium level was observed up 
to 24 hours after the construction of 
the closed duodenal loop, although 
varying degrees of pancreatitis were 
observed visually and microscopical- 
ly. 

Plasma Lipids.—The injection of 
Staphylococcus toxin into the pan- 
creatic ducts of rabbits and dogs re- 
sulted in an acute pancreatitis with 
an increase in the plasma lipids and a 
gross lactescence within one to four 
days.** Within the limits of the pres- 
ent study, which lasted a maximal 
time of 24 hours, no elevation in 
plasma lipid levels was noted. 

Serum Alkaline Phosphatase.—It has 
been reported that alkaline phospha- 
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Table 2.—Effect of Bile in Closed Duodenal Loop on 
Production of Acute Hemorrhagic Pancreatitis 
















Control 3 Hours 6 Hours 9 Hours 12 Hours 18 Hours 24 Hours 

Peritoneal Mean 2,090 2,856 3,990 6,200 15,790 19,855 
fluid amerese SD 491.3 648.2 333.5 644.0 3,660.3 2,786.5 
Duodenal Meen 133,200 118,788 64,375 32,364 14,275 3,174 
loop am-isse sc 29,099 29,819 14,599 16,843 3,125 646 
WBC xX 10= Meeéen 13.4 15.3 20.7 19.6 32.6 25.1 28.4 
sc 4.0 3.9 7.4 4.8 12.1 3.4 5.4 

Alkaline Meen 31 28 36 49 65 75 127 
phosphacase sc 15.3 1.8 13.4 19.5 19.3 15.0 25.9 
Serum Meen 1,130 1,400 1,488 1,414 1,390 2,833 4,485 
amylase Sc 319.7 329.4 336.8 377.4 300.9 124.7 1,480.7 
Serum Mean 0.4 0.9 1.0 0.9 1.2 1.6 3.8 
lipase Sc 0.28 0.65 0.82 0.77 0.64 0.46 0.17 
LDH Mean 56 47 49 49 57 85 100 
SD 12.8 15.0 12.8 11.8 17.9 19.0 22.7 

SGOT Mean 31 36 38 42 36 45 89 








tase is prese™?t Im pancreatic tissue“ 
and that an devation in the serum al- 
kaline phosphatase level occurs in 
pancreatic doct ligation.“ In this 
experiment, .c increased serum alka- 
line phosphacase level occurred dur- 
ing the mdaced hemorrhagic pan- 
creatitis in these dogs with bile in the 
closed loop, tee heurs before it ap- 
peared in those dogs with bile ex- 
cluded from tre closed duodenal loop. 

Therefore, while bile is not needed 
to induce ascate hemorrhagic pan- 
creatitis by tae elosed duodenal tech- 
nique in the >eg. its presence seems 
to aecelerate the disease process. 


It is knew that the injection of | 


bile into the eanine pancreatic duct 
above duct-rarturing pressures re- 
sults in a pancreatitis.°*’ However, 
the incubatioa of bile and pancreatic 
juice with enzymes, and the injection 
of this soluticm umder “physiological” 
pressures inte zhe canine pancreatic 
duct led to a panereatitis with a high 
mortality." ™ When only bile was in- 
jected into the canine pancreatic duct 
under “physelogical” pressures, a 
minimal panceatitis*® or an edema 
resulted." “aen this edematous 
pancreas was exeised, homogenized 
with antibiotic, and injected into the 
peritoneal cawity of other dogs, no 
mortality was cbserved. It was felt 
that the release of nenspecific break- 
down produets of bile was rot impor- 
tant in causiz2 pancreatitis. Fur- 
ther, the divesion of bile, 30 that it 
flowed throug! zne pancreas to the in- 
testine, in goats™ and dogs, did 
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not result in a pancreatitis, and the 
absence of bile from a closed canine 
duodenal loop did not prevent the for- 
mation of an acute hemorrhagic pan- 
creatitis.2"** However, in one 
study a high mortality from pan- 
creatitis was reported in those dogs 
in which a common union was estab- 
lished between the common bile duct 
and the major pancreatic duct.*® Fi- 
nally, pancreatitis was reported in 
heterotopic pancreatic tissue of two 
patients in which bile could not play a 
role.°’ 

In this study presence of bile in the 
closed duodenal loop had a temporal 
influence on the appearance of acute 
hemorrhagic pancreatitis. Pancreatic, 
acinar tissue disruption appeared af- 
ter nine hours in dogs, with bile emp- 
tying into the closed loops, and after 
12 hours in dogs with bile excluded. 
The presence of bile in the closed 
duodenal loops hastened the elevation 
of serum lipase, alkaline phosphatase, 
and LDH levels; and increased peri- 
toneal fluid amylase concentrations so 
that at the end of 24 hours they were 
almost twice as high as those values 
in which bile had been excluded from 
the closed loops. However, these ef- 
fects might have been caused by the 
increased amount of fluid in the 
closed duodenal loops and not by the 
bile itself, for the presence of bile was 
not necessary to induce acute hemor- 
rhagic pancreatitis. When this is 
coupled with the facts that (a) a com- 
mon passageway exists so frequently 
between the biliary and the pan- 


4.8 6.7 








creatic ducts of man that the pres- 
ence of bile by itself in the pancreatic 
ducts might not be of enormous clini- 
cal significance, and (b) pancreatic 
duct pressures are higher than biliary 
duct pressures, the importance of bile 
by itself as a cause of pancreatitis is 
suspect. Further reading of an excel- 
lent review on this topic is recom- 
mended. 

There have been a number of ex- 
periments to implicate duodenal re- 
flux as the causative factor in closed- 
loop obstruction. It was noted in dogs 
that regurgitation of barium,” a 
gentian-violet and diatrizoate meglu- 
mine (Gastrografin) mixture, and 
duodenal contents'*** from the closed 
duodenal loop into the pancreatic 
ducts took place at the same time the 
pancreatitis was observed to oc- 
cur.*:'*-15-25.25 In most studies when the 
pancreatic ducts of dogs with closed 
loops were ligated, pancreatitis 
was not observed; however, in one 
study® necrotic hemorrhagic pan- 
creatitis was seen. In monkeys, a 
temporary closed duodenal loop was 
constructed, a contrast medium was 
added to the loop, and the animals 
were fluoroscoped until reflux oc- 
curred. The closed loop was deflated 
and 24 hours later when the monkeys 
were killed, a pancreatitis was ob- 
served. In those monkeys in which re- 
flux did not occur, no pancreatitis was 
seen. Therefore, the reflux of duode- 
nal contents into the pancreatic duct 
system might be the primary cause 
for the pancreatitis observed in the 
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closed-loop preparation. The addition 
of bile might serve as a catalyst to 
hasten the process. 
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Health Service general research grant FR-05423 
(Drs. Schapiro and Gaines). 

Lena Haney did the histological preparations; 
Roy Dixon, MS, assisted in surgery; and Clinton 
Thompson, Jr., MS (supported by Public Health 
Service research grant LM-00102 from the Na- 
tional Library of Medicine) provided library as- 
sistance. 


References 


1. Seidel H: Bemerkungen zu meiner 
Methode der experimentellen Erzeugung 
der akuten hamorrhagisches Pankreatitis. 
Zentralbl Chir 37:1601-1604, 1910. 

2. Pfeffer RB, Stasior D, Hinton JW: 
The clinical picture of the sequential devel- 
opment of acute hemorrhagic pancreatitis 
in the dog. cg A 8:248-251, 1957. 

3. Caraway WT: A stable starch sub- 
strate for the determination of amylase in 
serum and other body fluids. Tech Bull 
Registry Med Technol 29:91-93, 1959. 

4. Rice EW: Improved spectrophotomet- 
ric determination of amylase with a new 
starch substrate solution. Clin Chem 5:592- 
596, 1959. 

5. Tietz NW, Borden T, Stepleton JD: 
An improved method for the determina- 
tion of lipase in serum. Am J Clin Pathol 
31:148-154, 1959. 

6. Cherry IS, Crandall LA Jr: The speci- 
ficity of pancreatic lipase: Its appearance 
in the blood after a ee injury. Am J 
Physiol 100:266-278, 1932. 

7. Programming instruction for the 
technician SMA 12/60 system. Manual 
TPO-0160-00, June 1970. 

8. Byrne JJ, Reilly PS, Toutounghi FM: 
Regurgitation in experimental pan- 
creatitis. Ann Surg 159:27-31, 1964. 

9. Byrne JJ, et al: The vascular factor in 
experimental hemorrhagic pancreatitis. 
Exp Med Surg 23:322-331, 1965. 

10. Cavallari A, et al: The vascular mor- 
phology of the pancreas in acute experi- 
mental pancreatitis due to creation of a 
closed duodenal loop in the dog: III. After 
10 to 12 hours; IV. After 14 to 16 hours; V. 
After 18 to 20 hours; VI. After 20 hours 
with a ie pancreatic duct abstracted. 
Boll Soc Ital Brol Sper 44:773-778, 1968. 

11. Eichelter P, Schenk WG Jr, Schueller 
EF: Histopathology of Spungen pan- 
creatis in the dog. Arch Surg 93:606-618, 
1966. 

12. Eichelter P: Influence of hypother- 
mia on the course of experimental pan- 
creatitis. Arch Surg 94:280-285, 1967. 

13. Lazaro EJ, et al: Dietetic factors in 
the etiogenesis of pancreatitis. Am J Gas- 
troenterol 45:114-120, 1966. 

14. McCutcheon AD, Race D: Experi- 
mental pancreatitis: A possible etiology of 
postoperative A Ann Surg 
155:523-581, 1962. 

15. McCutcheon AD, Race D: Experi- 
mental pancreatitis: Use of a new anti- 
proteolytic substance, Trasylol. Ann Surg 
158:233-239, 1963. 

16. McCutcheon AD: Reflux of duodenal 
contents in the pathogenesis of pan- 


612 Arch Surg/Vol 107, Oct 1973 






creatitis. Gut 5:260-265, 1964. 

17. Nance FC, Cain JL: Hemorrhagic 
pancreatitis in germ-free dogs. Surg Fo- 
rum 18:365-367, 1967. 

18. Nance FC, Cain JL: Studies of hem- 
orrhagic pancreatitis in germ-free dogs. 
se tiene 55:368, 1968. 

19. Olsen GB, Williams HTG: Acute 
hemorrhagic necrosis of the pancreas of 
the dog and its suppression with Trasylol. 
Can J Surg 9:415-419, 1966. 

20. Paulino-Netto A, Dreiling DA: 
Chronic duodenal obstruction: A mechano- 
vascular etiology of pancreatitis: II. Ex- 
perimental observations. Am J Dig Dis 
5:1006-1018. 1960. 

21. Schutt AJ, et al: Acute experimental 

ancreatitis: Role of a proteolytic enzyme 
kegi in treatment. JAMA 191:905-909, 

22. Sragner SJ: Acute hemorrhagic pan- 
creatitis due to duodenal obstruction. Vet 
Med 60:369-371, 1965. 

23. Strack R, et al: Duodenal reflux in 
the genesis of acute pancreatitis. Can J 

Surg 10:68-74, 1967. 

24. Williams LF Jr, Byrne JJ: Natural 
variation in experimental hemerrhagic 
pancreatitis. Surg Gynecol Obstet 124:531- 
585, 1967. 

25. Wisniewski CH, Williams TG, 
MacKenzie WC: An experimental study of 
pancreatitis following polya gastrectomy. 
Can J Surg 6:210-217, 1963. 

26. Galletti G, et al: Acute experimental 
ancreatitis induced by a closed duodenal 
oop. Riv Gastroenterol 19:675-738, 1967 

(abstract). 

27. Chhuttani PN, et al: Experimental 
pancreatitis in the rhesus monkey. Indian 
J Med Res 53:140-148, 1965. 

28. Johnson RH, Doppman J: Duodenal 
reflux anc the etiology of panereatitis. 
Surgery 62:462-467, 1967. 

29. Safadi D, Pfeffer RB, Hinton JW: 
The histogenesis of acute hemorrhagic 
pancreatitis in dogs. Am J Pathol-34:1173- 
1184, 1958. 

30. Carey LC: Use of peritoneal lavage 
in experimental pancreatitis. Wis Med J 
64:465-467. 1965. 

31. Turner MD, et al: Enzyme levels in 
pancreatic tissue and body fluids during 
experimental pancreatitis. J Surg Res 
3:485-490, 1963. 

32. Hermann RE, Knowles RC: Lethal 
factors and ee to therapy in experi- 
mental bile-reflux pancreatitis. Awn Surg 
161:456-465, 1965. 

33. Elman R, Arneson N, Graham EA: 
Value of blood amylase estimations in 
diagnosis of pancreatic disease: Clinical 
study. Arch Surg 19:943-967, 1929. 

34. Ryan JW, Moffat JG, Thompson AG: 
Role of bradykinin system in acute hemor- 
rhagic pancreatitis. Arch Surg 91:14-24, 
1965. 

35. Anderson MC, et al: Circulatory 
changes in acute pancreatitis. Surg Clin 
North Amer 47:127-140, 1967. 

36. Elman R: Acute intestinal pan- 
creatitis: Clinical study of 37 cases show- 
ing oedema, swelling and induration of 
pancreas but without necrosis, hemorrhage 
or suppuration. Surg Gynecoi Obstet 
57:291-309, 1933. 

37. Finco DR, Stevens JB: Climical sig- 
nificance of serum amylase activity in the 
dog. J Am Vet Med Assoc 155:1586-1691, 
1969. 

38. Gibbs GE, Ivy AC: Early histological 


changes following obstruction of pan- 
creatic ducts in dogs: Correlation with se- 
rum amylase. Proc Soc Exp Biol Med 
77:251-254, 1951. 

39. Howard JM, Smith AK, Peters JJ: 
Acute evrppedooes Pathways of enzyme 
re blood stream. Surgery 26:161-166, 

40. Popper HL, Necheles H: Pathways 
of enzymes into the blood in acute damage 
of the pancreas. Proc Soc Exp Biol Med 
43:220-222, 1940. 

41. Byrne JJ, Boyd TF: Serum amylase 
levels in experimental intestinal obstruc- 
tion. N Engl J Med 256:1176-1179, 1957. 

42. Hernandez IA, Powers SR Jr, Fraw- 
ley TF: The role of the parathyroid glands 
in calcium and magnesium metabolism in 
surgery. Surgery 50:148-150, 1961. 

43. Wang C, Strauss L, Adlersberg D: 
Experimental pancreatitis and plasma lip- 
ids. py eed oN id 35:465-472, 1958. 

44, Grossman MI, Wang CC, Ms KJ: 
Alkaline phosphatase: Correlation of histo- 
chemical demonstrability in pancreatic tis- 
sue with presence in pancreatic juice. Proc 
Soc Exp Biol Med 78:310-311, 1951. 

45. Nothman MM: Effect of ligation of 
pancreatic ducts on serum phosphatase. 
Proc Soc Exp Biol Med 57:15-16, 1944. 

46. Anderson MC, et al: An evaluation of 
the use of bile, bile salts, and trypsin in the 
ipa ee of experimental Berry i 

urg Gynecol Obstet 107:693-703, 1958. 

47. Jensen CB, et al: The effect of hy- 
pothermia on experimentally induced hem- 
orrhagic pancreatic necrosis. Gastroenter- 
ology 40:532-535, 1961. 

48. Elliott DW, Williams RD, Zollinger 
RM: Alterations in the pancreatic resist- 
ance to bile in the pathogenesis of acute 
pancreatitis. Ann Surg 146:669-681, 1957. 

49. Elliott DW, Williams RD, Stewart 
WRC: The role of trypsin and of bile salts 
in the pathogenesis of acute pancreatitis. 
Surg Forum 9:533-537, 1958. 

50. Joyeuse R, Hallenbeck GA, Mc- 
Caughey WTE: Experimental production 
of pancreatitis by infusion of mixtures of 
bile and pancreatic juice into the pan- 
creatic duct. Ann out 156:74-80, 1962. 

51. Popper HL: Enzyme studies in 
edema of the pancreas and acute pan- 
creatitis. Surgery 7:566-570, 1940. 

52. Sokolic JH, Ulin AW: Mortality fac- 
tors in experimental hemorrhagic pan- 
creatitis. Surg Forum 7:441-445, 1956. 

53. Whitrock RM, et al: The effect of bile 
flow tee da the pancreas: An experimen- 
tal method. Surgery 38:122-128, 1955. 

54. Cross FS, et al: Relationship of pro- 
longed drainage of bile through the pan- 
creatic duct system to pancreatitis. Proc 
Soc Exp Biol Med 90:208-210, 1955. 

55. White TT, Magee DF: Perfusion of 
the dog pancreas with bile without produc- 
tion of pancreatitis. Ann Surg 151:245-250, 
1960. 

56. Kelly TR: Experimental pancreati- 
tis-neurovascular etiology. Surg Forum 
16:375-377, 1965. 

57. Longmire WP Jr, Wallner MA: Pan- 
creatitis occurring heterotopic pancreatic 
tissue. Surgery 40:412-418, 1956. | 

58. Elmslie R, White TT, Magee DF: 
The significance of reflux of trypsin and 
bile in the pathogenesis of human pan- 
creatitis. Br J Surg 53:809-816, 1966. 

59. Byrne JJ, Joison J: Bacterial regur- 

itation in experimental pancreatitis. Am 
5 Surg 107:317-320, 1964. 


Hemorrhagic Pancreatitis/Schapiro et al 


Corticosteroid Treatment of Major Trauma 


Mechanisms Involved in Their Therapeutic Effect 


Peter Woodruff. MB, FRCS (Edin); Dimitri Caridis, MD, FRCS (Edin); 
Peter Cuevas, “Ll; Sumihiko Koizumi, MD; Jacob Fine, MD, Boston 


Corticosteroies injected into the upper ab- 
dominal aorta =f rabbits, accelerated the 
clearance rate o° endotoxin injected into the 
circulation, and wf endotoxin that had en- 
tered the circulazcn from the intestine fol- 
lowing an ischemic injury to the intestine. 


protective effect of the cor- 
ticosteraads given in advance of 
an injury tha- otherwise results in fa- 
tal refractory shock has been demon- 
strated and =‘irmed in the experi- 
mental anima ** But their value as a 
therapy for simek that is nct respond- 
ing to other appropriate measures 
ranges from =criking success to total 
failure in be man and the experi- 
mental animi The warrart for their 
use is their capacity to regulate ionic 
flux and to maintain normal mem- 
brane permesbility—a process that is 
out of erder m sheek, but which re- 
turns prompt_y to normal when the 
shock respons to their adminis- 
tration.’ In tË s report we present the 
results of a study aimed at identi- 
fying more pr=csely their mode of ac- 
tion in shoez and the factors that 
block the desred response. 


Matenizis and Methods 


The experimental models employed in 
this study are=-andardized types of major 
trauma whicheacke an endotoxemia of in- 
testinal origin® ~aat terminates in fatal re- 
fractory sheck. The effectiveness of corti- 
costeroid theracy was assessed in terms of 
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They also prevented or eliminated the endo- 
toxemia of intestinal origin produced by a 
30% immersion burn. Preliminary data sug- 
gest that they facilitate faster clearance by 
preventing the excessive release of norepi- 
nephrine by endotoxin. 


its effect on the amount of endotoxin in the 
plasma and liver, and the structural 
changes in the lung and gut that are the 
earmarks of endotoxic damage. The 
amount of endotoxin was measured by the 
limulus lysate technique, which is a re- 
cently developed, specific and highly sensi- 
tive method for detecting biologically ac- 
tive endotoxin in plasma and tissues.° 

Endotoxic Shock.—This disorder was in- 
duced in white adult New Zealand rabbits 
by an intravenous injection of endotoxin 
(S. Typhi 4 or 901, Rudbach) in a dose (100u 
g/kg) which is fatal. Monitoring the clear- 
ance curve by the limulus lysate technique 
showed that 75% to 90% of the amount in- 
jected is cleared within 15 minutes; but a 
low titer persists, in part because vaso- 
constriction induced by the injected dose 
blocks complete extraction, and in greater 
part because of a considerable accession of 
endotoxin from the intestine that begins 
very early and continues until death in 
shock, when the liver is found to contain 
more than was injected,’ and the lungs and 
gut show plasma and red cell extravasa- 
tion. 

That this is the sequence of events is in- 
dicated further by the fact that if kanamy- 
cin is injected in advance into the ileum 
and caecum the entire injected dose is ex- 
tracted in less than ten minutes, and the 
survival rate is 80%. Moreover, some hours 
later the liver contains almost no endo- 
toxin, and the lesions in the lung and gut 
are minimal to absent. 

Currently available rabbits which hap- 
pen to have almost no gram-negative bac- 


teria in the gut, and a corresponding spar- 
sity of endotoxin (0.125 or less mg/gm as 
compared to an average minimum of 3 
mg/gm of caecal content in the conven- 
tional rabbit) also extract the entire in- 
jected dose of endotoxin very rapidly, have 
none in the liver several hours later, and 
survive. 

It appears, therefore, that in the un- 
treated conventional rabbit, the injected 
endotoxin mobilizes more endotoxin from 
the intestine, presumably by releasing 
vasoactive agents which increase permea- 
bility of the intestinal wall.** If this is a 
major route of absorption, an intraaortic 
injection of a corticosteroid to eliminate in- 
creased permeability might block this 
source of endotoxin and so prevent the 
death. 

This supposition was tested in a second 
series of ten conventional rabbits, which, 
shortly after receiving the endotoxin, were 
treated with methylprednisolone sodium 
succinate (Solu-Medrol, 16 mg/kg) injected 
into the upper abdominal aorta via a cathe- 
ter inserted through the femoral artery for 
maximum delivery of the steroid to the in- 
testine. The endotoxemia was monitored 
as in the untreated series of ten rabbits. 

Table 1 shows the difference in the mean 
circulating titer achieved by the methyl- 
prednisolone. The effect was detectable 
within an hour, when the titer was about 
one half that of the control. Several hours 
later it was 10% to 30% of the latter. Eight 
of the ten treated animals were alive and 
apparently well four days later, in contrast 
to a 100% mortality within some 12 hours 
in the untreated series. The survivors were 
virtually free of the injuries to the lung 
and intestine that are regularly found in 
endotoxic shock in the untreated rabbit. 


In a previous study of endotoxic 
shock the dose of corticosteroid re- 
quired to prevent death when given 
via the abdominal aorta was half that 
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No medication 


(N = 10) 1.06 0.48 
Methy!lprednisolone 
(N = 10) 0.99 0.49 












15 min 
0.35 
0.35 





No medication (N = 10)* 
Methylprednisolone (N = 10) 





Table 1.—Mean Circulating Titer of Endotoxin (ug/ml) 


10min 30min 1hr 
0:56- 03 - 0.1 


0.31 0.18 0.09 0.02 0.016 0.004 80 


Table 2.—Mean Circulating Titer of Endotoxin (ug/ml) 
in Superior Mesenteric Artery Occlusion Shock 


lhr 1.15hr 2.15hr 3.15hr 4.15hr 
1.0 1.0 a3 HAE 
0.5 0.5 0.3 0.1 












Survival, 
5hr 6hr % 





2hr 3hr 4hr 







0.06 0.05 0.03 0 

























* 100% mortality between second and third hours. 


required via a systemic vein.’ In a 
series of six additional animals in the 
current study which received 8 in- 
stead of 16 mg of methylprednisolone 
per kilogram via the abdominal aorta, 
the clearance curve was the same as 
in the controls and there were no sur- 
vivors. The effectiveness of cortico- 
steroid therapy therefore hinges not 
only on the dose but also on the route 
of injection. 

The more rapid fall in the titer of 
circulating endotoxin appears to be 
the result of a reduced rate of absorp- 
tion of endotoxin from the gut; but in 
part it may be due to faster clearance 
by the reticuloendothelial system 
(RES) because of the accompanying 
decline in vasoconstrictor activity. 

Superior Mesenteric Artery Occlusion 
Shock.—A one-hour occlusion of the supe- 
rior mesenteric artery of adult rabbits 
causes a progressive loss of plasma, vascu- 
lar collapse, and death within one to two 
hours after release of the ligature. An en- 
dotoxemia develops within five minutes af- 
ter the ligature is applied.’ Because the 
endotoxin appears in the systemic blood 
some 45 minutes before it is found in the 
portal vein and because the endotoxemia 
can be prevented or eliminated by peri- 
toneal lavage,“ it appears that the intesti- 
nal wall becomes more permeable immedi- 
ately after the artery is occluded. This 
increase in permeability is greater than 
one can attribute to ischemia per se be- 
cause the hypovolemia, which reaches some 
35% to 40% before death within one or two 
hours after release of the ligature, is half 
this amount or less if the endotoxemia is 
prevented.‘ 

The effect of corticosteroid therapy in 
this disorder was evaluated as follows: The 
superior mesenteric artery was occluded 
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for one hour in a group of ten rabbits un- 
der pentothal anesthesia. Samples of blood 
for endotoxin assay were taken I5 and 60 
minutes after the ligature was applied. 
The ligature was then released and sam- 
ples were taken 15 minutes later and 
hourly for one or two hours thereafter. 

A second series of ten rabbits was 
treated in the same way except that imme- 
diately after the ligature was released 16 
mg/kg of methylprednisolone sodium suc- 
cinate was rapidly injected via a catheter 
in the upper abdominal aorta as already 
described. Samples for endotoxin assay in 
blood were taken as in the contral series, 
and continued hourly for three hours after 
release of the ligature. No other therapy 
was giver except a daily intramuscular 
dose of kanamycin sulfate (500 mg) to sup- 
press invading bacteria during recovery of 
the antibacterial defense mechanisms in 
the liver. 

All ten control animals died as expected 
within two hours after release of the liga- 
ture. Of those given a single dose of meth- 
ylprednisolone into the aorta three died 
from five to ten hours later, but seven sur- 
vived for four days. Table 2 shows the ef- 
fect of the corticosteroid on the circulating 
titer. 


The absence of the abrupt rise in 
the titer of endotoxin following re- 
lease of the ligature in those receiv- 
ing the corticosteroid, and the subse- 
quent progressive fall in titer that 
continues to zero in survivors, indi- 
cates that the steroid in this, as in the 
previous disorder, acts as antieipated; 
ie, by reducing the rate of absorption 
of endotoxin from the intestinal lu- 
men and so reducing the vasocenstric- 
tor effect of the endotoxemia en RES 
function. 

The absence of shock and the four- 


day survival time of the animals 
treated with methylprednisolone can 
be taken to signify that the early 
death of the untreated animal is as- 
cribable to the effects of the endotox- 
emia and not to the other effects of 
one hour of intestinal ischemia. 

The fact that a single dose of a cor- 
ticosteroid was sufficient suggests 
that the process which induced the 
endotoxemia was contained before 
the activity of the steroid had dis- 
sipated. One may expect that the fre- 
quency and duration of this therapy 
will vary with the type of trauma, as 
the following experience with immer- 
sion burns suggests. 

Immersion Burns.—The burn experiment 
which is reported in detail elsewhere’? was 
performed as follows: Rabbits with normal 
intestinal flora were shaved from the toes 
to the iliac crests under pentothal anesthe- 
sia. In the first series of ten, a catheter 
was inserted beforehand in the bifurcation 
of the inferior vena cava ligated just below 
the renal veins. Another was inserted into 
the aorta via a femoral artery for contin- 
uous recording of the blood pressure. The 
rabbits were then immersed from the iliac 
crests to the feet in water at 80 C for ten 
seconds. Mafenide acetate (Sulfamylon) 
was applied to the burned skin and contin- 
ued for four days or until death. No fluid or 
other therapy was given. The arterial 
blood was monitored for endotoxemia 
hourly for the first five hours and in surviv- 
ors once daily thereafter. 

Vascular collapse began 90 to 120 min- 
utes after the immersion. Endotoxemia 
was first detected about the same time in 
the arterial blood, but not until 30 to 60 
minutes later in the venous blood draining 
the burned area, and soon thereafter in the 
bladder urine. The endotoxemia persisted 
until death about ten hours later, at which 
time endotoxin was also found in the liver, 
spleen, and lung, along with the character- 
istic features of a fatal endotoxemia, ie, 
plasma and red cell extravasation into the 
lungs and gastrointestinal tract." 

The titer of endotoxin in the peritoneal 
cavity within two hours after the burn was 
inflicted was seven to eight times that in 
blood. Venous blood (20 ml) drawn during 
the first hour from the area draining the 
burn was infused intravenously in 30 to 60 
minutes into normal recipients and pro- 
duced fatal endotoxic shock. 

A second series of five rabbits burned in 
the same way received 16 mg/kg of meth- 
ylprednisolone sodium succinate in 10 ml 
saline in the upper abdominal aorta one 
hour after inflicting the burn, twice more 
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at six-hour imter~a.s on the first day, three 
times at six-hour" niervals on the second 
day, and once or tae third day. Endotoxin 
was not deteetee in the blood cn the first 
day, but was detected in three out of five 
animals the mext day. Of the five, one sur- 
vived for 24, on= for 36, and one for 96 
hours. Two recov=r2c completely (Table 3). 

Ina third seri@ ten rabbits) :ntraaortic 
methylprednisolame sodium succinate (16 
mg/kg in 2 ml aime) was given at six- 
hour intervals three times a day for two 
days, and supplamerted with hepatic ex- 
tract (2.5 gm of l~er in 2 ml sa ine) given 
intraperitoneally to inactivate endotoxin 
that crosses frora -he lumen.” Fifty per- 
cent of the rabbis ir this series recovered 
and the remaincer survived up to three 
days (Table 4). Geven-alone, the solution of 
hepatic extraet prereatec the endotoxemia 
and prolonged survival time only up to 48 
hours. 

Since endotez2mia recurs in the 
longer intervas between successive 
doses of cortiecteroids (Table 3) bet- 
ter control migtt be achieved by con- 
tinuous rather than intermictent ad- 
ministration. Conventional therapy 
(saline plus ant biotic), which pre- 
vents the emdot&=emia and the death 
from burns of malerate size (30%), 
does not prever- tae endotoxemia or 
the death fror arge burns (60%).” 
Corticesteroids mht therefore be 
useful as a sapplarent to therapy for 
large burns. 

Such a study zas been unavoidably 
delayed becau= -abbits with the 
conventional aeretic gram-negative 
flora are currerty not available. 
Those that are <vailable (from five 
different breeders) lack the aerobic 
gram-negative flora and have less 
than one ten: h cf -re average amount 
of endetoxin presert in the cecum of 
the Gram-negative (GN) rabbit. 
When exposed = a 30% immersion 
burn they dono develop an endotox- 
emia, and survi72 evem without con- 
ventional saline therapy, in spite of a 
large plasma volzme deficit. Their he- 
modynamic stał: it> in spite of a se- 
vere hypovolem= iadiecates that the 
instability caused oy endotoxin is due 
to an additional factor. It is this fac- 
tor in the GN arzmal with a 30% im- 
mersion burn, s wel! as in other 
types of endotosie shəck, taat ap- 
pears to be eon-tel_ed when cortico- 
steroids restare ~orma hemodynam- 
ics without hemp} for the plasma 
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Rabbit No. 2 hr 4hr 
1 O (0.16) 0 


to the burn skin up to three days. 













Table 3.—Effect of Methylprednisolone on Circulating 
Titer (ug/ml Plasma) of Endotoxin in Rabbits With 25% Burn* 


22 hr 
0 0 


* Methylprednisolone sodium succinate administered intraaortically, 16 mg/kg. Steroid 
given 1, 4, 8, 22, 28, 40 and 48 hours after burn. No other therapy except mafenide acetate 


Table 4.—Titer (ug/ml plasma) of Circulating Endotoxin in Burned Rabbits 
Treated With Intraperitoneal Liver Extract and Intraaortic Corticosteroids* 


Rabbit No. 2 hr 4 hrt After Death Time, hr 
1 0 O (0.5) Recovery 
2 0 O (0.5) Recovery 
3 0 O (0.5) Wes. Recovery 
4 0 O (0.3) ? 24 
5 0 O (0.25) 0.01 72 
6 0 0 (0.03) DP Recovery 
7 0 O (0.02) 0 18 
8 0 O (0.25) 0 72 
9 0 O (1.0) 0 72 


O (1.0) 


* Therapy was given three times in first 24 hours, and twice on second and third days. No 


At Death Survival Time, hr 


104 (4 days) 
Recovery | 


Survival 


Recovery 





fluid or electrolytes or parenteral antibiotic were given, but mafenide acetate was applied to 


the skin. 


t Figures in parentheses represent titers in control animals, ie, without treatment except 


mafenide acetate to the skin. 


volume deficit. 


Mechanism of Action of 
Corticosteroids 


In earlier studies of the way in 
which corticosteroids act we observed 
that in endotoxie shock the steroid 
prevents or eliminates the severe dis- 
orientation of the myofibrils and the 
intracellular overhydration in vascu- 
lar muscle.t At the same time extra- 
vascular fluid returns to the circula- 
tion. 

Additional data on the mechanism 
by which the corticosteroid counters 
the effects of endotoxin were the fol- 
lowing: Circulating endotoxin does 
not injure denervated tissue.'* The re- 
lease of norepinephrine is therefore 
the first step in the chain of events 
that injures tissues. At death from 
endotoxie shock (dog, rabbit, and 
white rat) the norepinephrine content 
of liver, spleen, heart, adrenal gland, 
and hypothalamus is severely de- 
pleted." This suggests that the en- 
dotoxin not only causes an excessive 


release of norepinephrine, but also 
prevents its reuptake or synthesis in 
the transmitter vesicles or both. 

The corticosteroids might act by 
blocking the release of norepineph- 
rine or of other vasoactive agents re- 
leased in turn by norepinephrine. The 
role of such vasoactive substances in 
the precipitation of the refractory 
state of shock is not well defined. If 
those which serve a physiologic func- 
tion are involved in sustaining abnor- 
mal permeability, one must postulate 
their continuous release, since they 
are rapidly inactivated. If given in a 
single bolus intravenously to a con- 
ventional rabbit, a solution of 0.1 mg 
of serotonin, bradykinin, histamine or 
norepinephrine produces an endotox- 
emia that disappears in 30 minutes 
and no lasting injury results. But if 
the same solution is infused as a drip 
for several hours, it causes a sus- 
tained and fatal endotoxemia without 
which no lasting injury results.'® 
Thus, there is an excessive release of 
norepinephrine whether the injury 
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begins or terminates with an endo- 
toxemia. 

These data led to an inquiry into 
the possible effect of corticosteroids 
on the release of catecholamines from 
transmitter vesicles by endotoxin. A 
variety of preparations (neuromuscu- 
lar synapse in the crayfish,” intesti- 
nal smooth muscle of the dogfish, syn- 
apse of the giant squid axon, and 
muscle in the frog’s atrium) were ex- 
posed to 1 ng of endotoxin/ml of bath 
fluid. This caused an almost immedi- 
ate increase in the response to a 
given stimulus. This increase in re- 
sponse was shown to be the result of a 
shift in calcium ion into the cell. In 
one of these preparations studied 
to date, corticosteroids (methyl- 
prednisolone sodium succinate, 1 
ng/ml of bath fluid) blocked the in- 
ereased response by endotoxin 
whether introduced before or after 
the endotoxin.” It will be of consid- 
erable interest to discover whether 
the effect of the corticosteroid is the 
result of an action on the transfer of 
the calcium ion into the synapse, or at 
another place in a chain reaction. This 
question is now under study. 


Conclusions 


The mechanism by which cortico- 
steroids support the defenses against 
major trauma was examined in the 
experimental animal (rabbit) exposed 
to various types of injury. 

1. A large dose of corticosteroids 
(methylprednisolone sodium succi- 
nate, 16 mg/kg) injected into the up- 
per abdominal aorta shortly after an 
intravenous injection of endotoxin in- 
creased the clearance rate and re- 
duced the mortality from 100% to 
20%. 

2. Ligature occlusion of the superior 
mesenteric artery produces an endo- 
toxemia within ten minutes. The titer 
rises sharply on removal of the liga- 
ture one hour later. In a series of 
ten rabbits, corticosteroids (methyl- 
prednisolone sodium succinate, 16 
mg/kg) injected into the upper ab- 
dominal aorta soon after removal of 
the ligature prevented the rise, facil- 
itated total clearance of the circulat- 
ing endotoxin, and reduced the mor- 
tality from 100% to 30%. 

3. A third series of rabbits was 


616 Arch Surg/Vol 107, Oct 1973 


subjected to a 30% immersien burn, 
which when untreated produces an 
endotoxemia of intestinal origin and 
death within 12 hours. The cortico- 
steroid therapy described above, 
without fluid volume therapy, given 
at six-hour intervals three times a 
day, kept the blood free of endotoxin, 
except during the longer intervals be- 
tween doses, and substantially pro- 
longed survival time. When combined 
with an intraperitoneal saline extract 
of liver, which in itself was not cura- 
tive, 50% recovered completely and 
the remainder survived up to three 
days. 

The mechanism by which cortico- 
steroids prevent or cure an endotox- 
emia of intestinal origin is not fully 
understood. In the current study, rab- 
bits free of intraintestinal Gram-neg- 
ative flora exposed to a 30% burn in- 
curred a large plasma volume deficit, 
but did not develop an endotoxemia 
and dic not go into shock. Ht, there- 
fore, appears that in the convention- 
al animal with a gram-negative flora 
the corticosteroids serve to correct a 
peripheral vascular disorder in which 
plasma volume loss is not the primary 
cause of the abnormal hemodynamics. 
In earlier studies restoration of nor- 
mal hemodynamics by steroid ther- 
apy was accompanied by a restoration 
to normal of disoriented myofibrils in 
vascular muscle. This was followed by 
return of the lost plasma from the tis- 
sues to the circulation. Since endo- 
toxin, which does not damage a de- 
nervated tissue, has been shown to 
act on transmitter vesicles so as to 
cause an excessive release of norepi- 
nephrine, one suspects that the corti- 
costercids may protect the peripheral 
vessels by blocking this process in 
adrenergic synapses. Preliminary evi- 
dence in support of this mechanism of 
action has been recently obtained. 


This investigation was supported by grant 
5RO1-HL-13908 from the National Institutes of 
Health, Bethesda, Md; by contract DA-49-193- 
MD-2926 with the Office of the Surgeon General, 
United States Army; and by a grant from the 
Upjohn Co, Kalamazoo, Mich. 
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Immunosympathectomy 


and Gastric Secretion 


Jeffrey Rivilis, MD, MSc, ChM, CRM, FRCS (Eng, Edin, and C} Montreal 


Gastric function studies in five immuno- 
sympathectomized animals suggest that the 
sympathetic nervous system plays little or 
no part in production of acid or pepsin. How- 
ever, all the immunosympathectomized ani- 
mals developed acute gastric ulcers or hy- 
peremia or both after two hours of pyloric 
ligation, and the concentrations of surface 
and glandular mucus of the stomach were 
reduced in histological sections. Thus, the 
sympathetic nervous system seems to play 
an important part in the protective mecha- 
nism of the gastric mucosa in the rat. 


xperimental data on the in- 
fluence of the sympathetic ner- 
vous system on the secretory activity 
of the stomach are scarce and contro- 
versial.'* It is a difficult procedure to 
section the sympathetic nerve supply 
to the stomach because of its anatom- 
ical arrangement. 

The efferent sympathetic supply 
comes from the thoracic sympathetic 
outflow via the splanchnic nerve, 
which in man contains fibers from T5- 
12 inclusive. These fibers are pre- 
ganglionic, and most of them are said 
to synapse in the celiac ganglion and 
travel as a plexus along the branches 
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of the celiac axis to reach the stom- 
ach.** A few fibers, however, synapse 
in small masses of ganglionic tissue 
that lie outside the main celiac gan- 
glion.° 

The afferent fibers pursue the same 
route in a reverse direction, but, in- 
stead of synapsing in the celiac gan- 
glion, they contimue on into the spinal 
cord via the pesterior spinal nerve 
roots. The cell bodies are located in 
the posterior spinal root ganglia. 

Even if all sympathetic fibers to the 
stomach are divided successfully, the 
operative trauma may interfere with 
the gastric function studies, espe- 
cially if these are made at the time of 
the nerve section. Yet, if the func- 
tional studies are made after some 
time, the results may be invalidated 
by collateral nerves sprouting from 
nearby, intact, autonomic nerve fi- 
bers, a process that has been shown to 
occur in the sympathetic nervous sys- 
tem® and in the parasympathetic ner- 
vous system’! and to lead to func- 
tional recovery. Recently, a new 
method of destroying the sympa- 
thetic nervous system of animals by 
immunosympathectomy has been de- 
scribed by Levi-Montalcini.® 

The following studies were un- 
dertaken to examine the effect of 
immunosympathectomy on gastric se- 
cretion in the rat and to assess histo- 
logically any mucosal changes in the 
stomach. 
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Fig 1.—Twe |iter-mate rats. Control ani- 
mal is on t= right. and immuno- 
sympathectorm zed animal, which is on the 
left, has an owies ptosis. The fur of both 
animals is usuall “he same, and the reason 
for the difference here is that the immuno- 
sympathectore ized animai required washing 
before photog apa; 








Fig 2.—An TER eS) Ce- 
liac ganglion. Nor= reduced cell density, ab- 
normal appeəramce of remaining nuclei, 
and partial replasement cf ganglion cells by 
fibrous tissue {simer stain, x 600). 


Methods 


Production of Immunosympathectomy.— 
Litters of Wistar rats were divided at 
birth into two groups. Immunosympa- 
thectomy was produced in one group by 
giving 0.25 ml of equine antiserum in addi- 
tion to nerve growth factor for the first 
five days after birth. The antiserum had a 
potency of 9,600 antitoxin units per ml. 
The other group was injected with a sim- 
ilar amount of normal horse serum and 
used as controls. 

All animals were kept on a normal diet 
from the time of weaning until they 
weighed approximately 200 gm. 

Collection of Gastric Juice.—Gastric se- 
cretion was collected by the method of 
Shay et al.” The rats were kept fasting for 
48 hours in individual cages with free ac- 
cess to water. Laparotomy and pyloric li- 
gation was then carried out under light 
ether anesthesia, and the stomach was 
washed out with 0.15M sodium chloride 
through a soft, rubber catheter that was 
passed orally. The rats were allowed to re- 
cover, and two hours later they were re- 
anesthetized with ether. On laparotomy, a 
ligature was placed at the cardia and the 
stomach removed. The gastric contents 
were drained into graduated tubes and 
centrifuged at 3,000 rpm for ten minutes. 
Any specimen containing more than 0.6 ml 
solids after centrifuging was discarded, as 
suggested by Shay et al.” 

Measurement of Gastric Juice and Statisti- 
cal Analysis.—The volumes of gastric juice 
excluding solid material were measured 
and recorded. The gastric acid concentra- 
tions were measured with semi-micro-elec- 
trodes and an automatic pH meter titrator 


Control Group, * 


immunosympathectomized Group 


Animal No 
Sex 
Weight, gm 


Rate 0.86 
(mI/10C gr 0.86 0.58 
rat/2 hr 

Mean acid sutat 36 81 
(“Eqt/130 = 103 55 
rat/2 hr 


Peptic activity” 3 = L 





187 288 215 
0.84 0.47 0.70 
0.80 0.38 0.66 


71 18 55 
119 46 46 


= A 


Average + SE 


216 £15 
242 +19 
0.70 = 0.07 
0.66 + 0.08 


52=11 
7415 


176 + 59 


(per hr/ -OC =m 149 +70 
* Results fc the eontro! group appear on upper lines. 


t Microequi~alemcs. 


+ Expresseciashydrolytic products compared with a standard tryosine solution. 


§ Pepsin es#m-ion not carried eut. 
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with 0.1N sodium hydroxide to an endpoint 
of pH 7.0. The pepsin concentration was 
estimated by the author’s modification of 
the method of Anson and Mirsky," with 
the use of casein as the substrate. 

Statistical analyses were done with the 
t test for unpaired values. 

Light Microscopy.—The celiac ganglia of 
control and immunosympathectomized ani- 
mals were carefully dissected out. Paraffin 
sections of the ganglia were silver stained. 

Specimens of the glandular mucosa of 
the stomach were also taken from the con- 
trol and immunosympathectomized ani- 
mals. Paraffin sections were stained with 
PAS reagent and alcian blue for mucus 
and with hematoxylin and eosin. 

Randomization of Experiments.—The ani- 
mal was selected randomly by a technician 
who was not associated with the study in 
any other way. The identity of the control 
and immunosympathectomized rats was 
disclosed to the author only after all the 
experiments were completed. However, it 
was not difficult to distinguish the control 
rats from the immunosympathectomized 
(IS) rats (Fig 1) since the immuno- 
sympathectomized animals had a very ob- 
vious ptosis. 


Results 


Secretion Studies.—(All results are 
expressed as the average + standard 
error of the mean.) Each group of rats 
contained three males and two fe- 
males. The weights of the groups 
were similar (control = 216 + 15 gm; 
IS group = 242 + 19 gm). There was 
no difference in the volume of gastric 
juice secreted in two hours per 100 gm 
of rat between the control (0.70 + 
0.07 ml) and the IS group (0.66 + 0.08 
ml). The control, two-hour mean out- 
put of acid per 100 gm of rat was 52 + 
lluEq, and this was not significantly 
different from that in the IS group 
(74 + 15pEq). Peptic activity was 
similar for the two groups (control = 
176 + 59 units; IS group = 149 + 70 
units). The results of the individual 
secretion studies are shown in the 
Table. 

Macroscopic Appearance and Light 
Microscopy.—The celiac ganglia of the 
IS animals were found to be only ap- 
proximately 70% to 80% of the size of 
those of the control animals. More- 
over, the cell density of the IS ganglia 
was much lower than in the controls, 
the cells in the IS ganglia being 
partly replaced by connective tissue. 
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Fig 3.—A control Gatien Saialion Cea 
stain, X 600). 


The nuclei of the few remaining cells 

were grossly abnormal (Fig 2) com- 

pared with the control nuclei (Fig 3). 
In the control rats after pyloric li- 


gation for two hours (Nos. 269, 271, 


275, 280, and 291), the stomachs were 
macroscopically normal, whereas four 
(Nos. 270, 273, 274, and 277) of the 
five immunosympathectomized rats 
had ulcers (Fig 4) and hyperemia in 
the glandular portion of the stom- 
ach, and the fifth immunosympa- 
thectomized rat (No. 281) had marked 
hyperemia with no obvious ulcer. 

Microscopically, the ulcers were 
shallow and certainly acute as there 
was virtually no cellular response; 
around the ulcers were numerous red 
blood cells, confirming the hyperemia 
seen macroscopically (Fig 5). The 
stomachs of the control rats were nor- 
mal (Fig 6). 

When the stomachs were stained 
for mucus with PAS and alcian blue, 
the mucus in the surface cells stained 
red while that deeper in the gastric 
glands stained a light blue. In sec- 
tions from the immunosympathecto- 
mized animals (Fig 7), the staining in 
both these sites was much less than 
that of the controls (Fig 8). The dimi- 
nution was generalized but was more 
marked in some areas, especially near 
the ulcers. 


Comment 


The results of the gastric juice 
analyses suggest that the sympa- 
thetic nervous system plays little or 
no part in the production of acid or 
pepsin, and this is in agreement with 
the findings of Forrest.’ 

However, the sympathetic nervous 
system seems to play an important 
part in the protective mechanism of 
the gastric mucosa, for the mucosae 
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Fig 4.—Hyperemia and ulceration (arrow) 
in a typical immunosympathectomized 
stomach. 


of all the immunosympathectomized 
rats showed changes after the pylorus 
had been tied off for only two hours 
with the consequent retention of gas- 
tric juice. Experimental production of 
ulcers in the pylorus-ligated rat was 
first described by Shay et al.'* They 
demonstrated that the ulcers occur al- 
most solely in the squamous-lined 
part of the stomach initially and in- 
crease in number and severity (ie, 
with perforation and hemorrhage) in 
direct proportion to the length of 
time of the pyloric tie. However, they 
were extremely rare before five 
hours. In 1965, I found no weers in a 
series of 20 control animals after four 
hours of pyloric ligation. 

The ulcers and hyperemia observed 
in these experiments certainly devel- 
oped as a result of the pyloric tie 
because microscopically they were of 
recent origin. In one immunosym- 
pathectomized animal who died under 
anesthesia before laparotomy, imme- 
diate postmortem examination of the 
stomach revealed no changes, which 
supports this view. The ulcers 
recorded in this series were all in the 
glandular part of the stomach, and in 
this part the surface and glandular 
mucus was seen to be diminished in 
histological sections whereas no 
changes were found in the squamous- 
lined part of the stomach. 

It is tempting to draw parallels be- 
tween these findings and the situ- 
ation in man where ulcers may occur 
in the stomach with normal or low 
normal levels of gastric secretion sec- 
ondary to the pyloric delay associated 
with duodenal ulcer. In this respect, 
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“Fig 5.—Typical ulcer from an immuno- 
sympathectomized animal. Note virtual ab- 
sence of a cellular response, indicating the 
acute nature of the ulcer. Darker area at left 
margin of the ulcer is due to red blood cells, 
confirming the hyperemia seen macroscop- 
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Fig 6.—Normal siete naria eo- 


sin, X 120). 





Fig 7 7.—Note marked diminution in sur- 
face and glandular mucus in immuno- 
sympathectomized stomach. Section was 
taken from region near the ulcer seen in Fig 
5 (PAS and alcian 3lue stains, x 120). 





Fig 8.—Stomach from a contro! animal 
stained for mucus with PAS and alcian blue 
( xX 120). 
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the rat is a particularly suitable ani- 
mal for the study ef gastric secretion 
as the glandular part of the stomach 
secretes acid and pepsin urder both 
= vagal and ha@monai control. The 
rat has the fur-aer advantage in that 
its basal or intterdigestive gastric se- 
cretion is cent mueus™ and in this re- 
spect is like man** The caz and the 
dog, both eemmoaly used as experi- 
mental animak in gastroenterological 
work, are less =ui-abie since their ba- 
sal secretion is intermittent. 

It is possibl- that the true levels of 
gastric seeretion were higher than 
the observed =vels and thet the gas- 
tric barrier was leaky. Thus, the acid 
levels might seem narmal because the 
excess has been Lst through the gas- 
trie wall, peodacing the mucosal 
changes. This s ot a likely explana- 
tion as Geret> ard Guth” kave shown 
that, im rats with restramt-induced 
erosions, ther= is no back diffusion of 
hydrogen ions. 

The sympachetic nervcus system 
may have an as yet unelucidated tro- 
phic influence oa the gastric epithe- 
lium, and 2 beeaxdown of this control, 
further agg-aveted by exposure to 
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unbuffered gastric juice in the fasting 
rat with its pylorus ligature may ex- 
plain the ulceration. 

Sympathetic ablation is known to 
increase visceral blood flow and could 
be expected to lead to improved nutri- 
tion of the mucosa. The results do not 
show any beneficial effects of an in- 
creased visceral blood flow; in fact the 
reverse is true. 

The sympathetic nervous system 
probably plays an important and di- 
rect role in mucus secretion, as sug- 
gested by Baxter' who found that 
vagally denervated whole-stomach 
preparations in the cat and the dog 
produced a steady secretion of mucus 
on splanchnic stimulation and on re- 
peated injection of epinephrine. Im- 
munosympathectomy would thus lead 
to loss of the first line of defense of 
the gastric mucosa, according to Hol- 
lander’s'* hypothesis. 

Another possible explanation of the 
findings stems from the work on in- 
testinal renewal by Dupont et al 
who discovered that epithelial cell re- 
newal of jejunal villi was markedly 
decreased in both reserpine-treated 
rats and immunosympathectomized 
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animals compared with a control `° 


group injected with bovine serum. By 
injecting tritiated thymidine, fol- 
lowed by radioautography, they 
showed that after 48 hours there was 
spillover of epithelial cells from the 


tips of the villi of the control group, — 


whereas in the two experimental 


groups, the active cells had pro- a 


gressed only halfway up the villus. 


In the present experiments, the cell _ 


turnover rate may have been lower, 
resulting in poor cellular function and 


a concomitant drop in the production — 


of mucus. It is not yet clear which fac- 
tors are the most critical, and proba- 
bly more than one factor is respon- 
sible for the final outcome of gastric 
glandular ulceration. 
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Gastrin Levels 


Following Thermal Injury 


MAJ Thcmas W. Newsome, MC, USA; LTC Morris J. Asch, MC, USA; 
James E. McGuigan, MD; COL Basil A. Pruitt, J r., MC, USA, Fort Sam Houston, Tex 


Serum gastrin levels have been measured 
in a group of patients with extensive thermal 
injuries. They are not altered by burn injury 
nor do they correlate significantly with burn 
size, sepsis, or occurrence of gastroduode- 
nal ulceration. 

These findings are consistent with previ- 
ous acid secretory studies and suggests that 
Curling ulcer diathesis is determined primar- 
ily by defects in the barrier function of the 
gastric mucosa rather than by abnormal acid 
production. 


Ithough the frequency of occurrence 

of acute gastroduodenal ulcera- 

tion in burn patients has been corre- 
lated with burn size and sepsis, the 
precise cause remains obscure.'° 
Altered secretion of gastric acid does 
not distinguish a burn population in 
general or patients with Curling ulcer 
‘within that population.® O’Neil, how- 
ever, has demonstrated a quantita- 
tive depression of mucous production 
in burned dogs,’ and other investiga- 
tors have proposed that the gastric 
mucosa is damaged by early postburn 
ischemia.*®° In this milieu, normal 
acid levels might produce mucosal 


injury. 


Accepted for publication April 10, 1978. 

From the US Army Institute of Surgical Re- 
search, Brooke Army Medical Center, Fort Sam 
Houston, Tex Dr. McGuigan is now with the Di- 
vision of Gastroenterology, J. Hillis-Miller 
Health Center, University of Florida, Gaines- 
ville. 

Reprint requests to Library Branch, US Army 
Institute of Surgical Research, Brooke Army 
Medical Center, Fort Sam Houston, TX 78234 
(Dr. Newsome). 





Definition of the hormonal stimulus 
for gastric acid secretion’’-“ has been 
rapid following the isolation of gas- 
trin from antral mucosa in 1962 and 
its laboratory synthesis in 1964." The 
development of a sensitive radio- 
immunoassay’® has permitted accu- 
rate quantitation of serum gastrin 
levels in a number of ulcerogenic 
states including the Zollinger-Ellison 
syndrome,” hypercalcemia,'*’ per- 
nicious anemia,” and peptic ulcer dis- 
ease.'**' This communication reports 
serial serum gastrin levels measured 
in patients with extensive thermal in- 
juries. 

Patients and Methods 


Twenty-two patients admitted to the 
United States Army Institute of Surgical 
Research between November 1970, and 
September 1971, were included in this 
study. Each was admitted to the Institute 
during the first week postburn. The extent 
of burn ranged from 30 to 90 per cent of 
the total body surface. Patient ages 
ranged from 2 to 68 years but a hemo- 
geneous group was formed by 16 patients 
of ages 18 to 36 years. The presence of only 
four women in the group reflected the eom- 
position of the military population served. 

All patients were resuscitated using the 
Brooke formula” as a guide to fluid admin- 
istration and their burns were treated top- 
ically with mafenide acetate. Nasogastric 
suction was employed until normal gas- 
trointestinal function returned and was 
used to relieve any subsequent gastric dila- 
tation. Active gastrointestinal bleeding 
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Serum Gastrin Levels in Patients With Extensive Thermal Injury 





























Postburn Gastrin Levels 
(pg/ml),* Weeks 
Burn Patient : pe/mi), GI 
Size, % Ne. Sex Age, yr 1 2 4 6 Bleed Comments 
30-39 1 M 26 < 20 60 60 < 20 No Uncomplicated hospital course 
2 M 27 < 20 < 20 < 20 < 20 No Febrile, septic 2 weeks postburn; 
uneventful recovery 
3 M 53 400 210 360 235 No Uncomplicated course 
át M 68 <20 < 20 No Died acute pneumonia 6 weeks 
postburn 
5 F 19 < 20 < 20 No Uncomplicated course 
6 F 49 < 20 < 20 < 20 No Fungal infection of burn wound 1 
week postburn, excised; subse- 
quently uncomplicated course 
7t F 2 235 Yes Fungal burn wound infection; bled 
from large duodenal ulcer; died 2 
weeks postburn from sepsis 
8 M 24 < 20 < 20 < 20 < 20 No Deep electrical injuries; intermittent 
sepsis; multiple amputations, ul- 
timately satisfactory healing 
9 M 23 60 < 20 < 20 < 20 No Uncomplicated course 
10 M 34 100 105 110 130 No Febrile course for 2 weeks postburn; 
healed satisfactorily 
40-49 11 M 27 < 20 < 20 < 20 < 20 No 4+ Guaiac positive stool 1 week post- 
? burn but stable Hct; uncom- 
. plicated course 
12 M 28 < 20 < 20 < 20 No Deep burn; uncomplicated course 
13 M 41 < 20 60 < 20 No Preburn history of epigastric pain, 
first 2 weeks postburn marked by 
pneumonia sepsis, prepyloric 
erythema at gastroscopy, normal 
gastric acid secretion, no bleeding 
14 M 5i 60 < 20 < 20 No Uncomplicated course 
15 M 36 < 20 75 < 20 No Acute thrombophlebitis 1 week post- 
burn, heparinized; uncomplicated 
healing 
16t F 18 < 20 < 20 < 20 60 No Protracted, fatal staphylococcal 
septicemia 
50+ 17 M 33 <20 < 20 < 20 < 20 No Pneumonia 1st week postburn; sub- 
sequently uncomplicated course 
18 M 23 < 20 < 20 < 20 < 20 No Multiple fractures requiring bilateral 
amputations of lower extremities; in- 
termittently septic, ultimately healed 
19 M 21 65 < 20 Yes Septic with bilateral Providencia pneu- 
monia; bled intermittently from duo- 
denal ulcer; died 2 weeks postburn 
20 M 21 80 < 20 < 20 < 20 No Preburn history of epigastric pain; - 
uncomplicated course xi 
21 M 26 < 20 < 20 < 20 No Uncomplicated course 
22t M 30 110 Yes Bled 1 week postburn from gastric 


* Range in a =ontro! population: 0 to 200zug/ml. 


t Died. 


was treated by-ieed saline lavage and seda- 
tion. In no patient was hypercarbia docu- 
mented durmg the course of the study and 
no patient recived imtravenous hyperali- 
mentation. 

Blood specimens were drawn after an 
overnignt fast. “rom each patient at post- 
burn intervals of one. two, four, and six 
weeks. The seza were collected by centri- 
fugation and immediately frozen. At a 
later date, they were thawed and gastrin 
levels determimed by radioimmunoassay as 
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previously described.”* 


Results 


Serum gastrin levels are tabulated 
with the clinical data in the Table. 
The representative nature of this 
burn group is indicated by the rela- 
tively high incidence of sepsis (nine 
of 22) and concurrent massive upper 
gastrointestinal bleeding (three of 
22). All three patients with signifi- 


ulcer, died with burn wound infec- 
tion, pneumonia 


cant gastrointestinal bleeding died. 
At autopsy, two had duodenal ulcers 
and the third, a large gastric ulcer. 
Two other patients died of sepsis 
later in their hospital courses. 

With two exceptions, the patients 
studied had serum gastrin levels 
which fell into the range for normal 
values with a dominant distribution 
in the lower end of this range. This 
weighting may be explained by the 
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relatively low mean age of the burn 
study group, for gastrin levels appear 
to be age related.” The first exception 
was patient 3, a man in his sixth dec- 
ade, whose totally uncomplicated 
course was marked by moderately ele- 
vated serum gastrin levels. It has 
been suggested that in the older age 
group gastrin elevations may reflect 
unrecognized gastric mucosal atro- 
phy.” The other elevation occurred in 
patient 7, a 2-year-old child, who 
did have duodenal ulceration and fun- 
gal sepsis. In the other two patients 
with clinical hemorrhage (patients 19 
and 20), the gastrin levels were 
within the normal range. It is inter- 
esting to note, however, that no 
bleeding occurred in patients with 
gastrin levels consistently below 50uyg/ 
ml, while three of 12 patients with 
measurements exceeding 50uug/ml 
bled. This difference is not of statisti- 
cal significance in this small popu- 
lation, but may offer a lead for more 
extensive studies. Nowhere in these 
gastrin data were there patterns dis- 
cernibly related to magnitude of burn 
injury, postburn interval, or sepsis. 


Comment 


Normal serum gastrin levels in pa- 
tients with extensive thermal injuries 
are consistent with O’Neill demon- 
stration of unaltered acid secretion in 
this population.’ He also noted no sig- 
nificant difference in patients with 
actual ulceration. 

These findings strengthen the sug- 
gestion that Curling ulcer, like other 
trauma related stress ulcers and 
steroid ulcers, reflects primarily a 
deficiency in the gastroduodenal 
mucosal barrier.” An association 
with postburn serum corticosteroid 
elevations**** has been suggested by 
the similarity between mucous defi- 
cits after burn injury’ and those in 
steroid-treated rats.” It has been al- 
ternatively proposed that stress ul- 
ceration is related to the reflux of 
intestinal chyme into the stomach ac- 
companying shock. Such reflux has 
been shown to induce histologic 
mucous deficits and subsequent muco- 
sal ulceration.***! More specifically, 
ion flux studies of acid bathed gastric 
mucosa have demonstrated decreased 
mucosal resistance to hydrogen ion 
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back diffusion from lumen te mucosa 
in animals after contact with bile 
salts.’ A similar change in mucosal 
permeability has occurred after expo- 
sure to serotonin,** a compound which 
produced lesions similar to stress ul- 
cers**+ in the experimental animal. 

By demonstrating that the hormo- 
nal stimulus for gastric acid secretion 
is unaltered by burn injury, our study 
reemphasizes the apparently second- 
ary role of gastric acid in the patho- 
genesis of Curling ulcer. 


This investigation was supported by Public 
Health Service research grant AM 13711 from 
the National Institutes of Health and by grant T 
394 from the American Cancer Society. 


Nonproprietary Name 
and Trademark of Drug 


Mafenide acetate—Sulfamylon Cream. 
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Letters to the Editor 


Barium E əma in Diagnosis 
of GIstone Ileus 


To the E¥it.—We are writing to 
describe a case m which gallstone ob- 
struction of te distal part of the 
ileum was dieznosed preoperatively 
by barium eoccrast examination of 
the colon. 


Repert of a Case 


A 75-year-did =nite man had a four-day 
history of intermittent symptoms sugges- 
tive of the “tumEiing’” or “migrating” phe- 
nomenon of intecmittent obstruction oc- 
curring at mare caudal areas in the small 
intestine, as a wesult of a stone being 
pushed distally sẹ peristaltic action. The 
admission roentg nographic diagnosis was 
small intestine obstruction. Barium 
enema examinat m was performed (Fig- 
ure), and the bam 2m column refluxed past 
the ileocecal valv= nte the terminal part of 
the ileum, an@ <eund an obstructing in- 
traluminal mass {gallstone). Although the 
intraluminal ma= may have represented a 
tumor, the cin=al course suggested a 
gallstone. At surs=ry, an obstructing, 3 X 
2.3 x 2.0-cm, mt-aluminal stone was iden- 
tified and removed 


CGmment 


There is frecwent difficulty in dif- 
ferentiating sm=ll and large intesti- 
nal obstruction <linically and from a 
review of the ~»entgenograms. The 
location of am “cision may well de- 
pend upon twie differentiation. Also, 
barium refluxitz into the ileum on 
retrograde exammation may indicate 
the site and carse of small intestinal 
obstruction. Fæ these reasons, we 
perform barimr enema examinations 
on patients whe have intestinal ob- 
struction, unie= contraindicated be- 
cause of concerr ever increased intra- 
luminal colonic =ressure. In this case, 
the demonstratin of (} a normal dis- 
tal ileum and cãen, (2) an intralumi- 
- nal mass (gailswene) in the terminal 
ileum, and (3) distended loops of prox- 
imal intestine (* gure) was diagnos- 
tic of gallstene ileus involving the 
distal part of tl= ileum. 

The conclusio= to be reached from 
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Barium enema evacuation examination, 
showing residual barium in distal ileum, dis- 
tended proximal small intestine, normal dis- 
tal ileum and colon, and obstructing gall- 
stone. 


this case is that a preoperative bar- 
jum enema in cases of small intesti- 
nal obstruction may make a une- 
quivocal diagnosis of gallstone ileus. 
Retrograde barium studies can be ex- 
tremely helpful in the diagnosis of 
unusual causes of intestinal obstruc- 
tion, and in delineating the site of 
intestinal obstruction. We encourage 
its use as a diagnostic aid in intesti- 
nal obstruction in general. 

EDWARD C. SALTZSTEIN, MD 

IRVIN M. BECKER, MD 

Milwaukee 


Proximal Ureteral Obstruction 
From Carcinoma of the Cervix 
To the Editor.—Advanced carci- 
noma of the cervix uteri is often 
manifested by obstruction of the dis- 
tal portion of one or both ureters.’ 
However, proximal obstruction of the 
ureter from metastatic carcinoma of 
the cervix is most infrequent. Re- 
cently, a patient was encountered 
with postirradiation recurrent carci- 
noma of the cervix manifested by bi- 
lateral obstruction of both ureters at 
the ureteropelvic juncture. 


Report of a Case 


A 41-year-old woman was hospitalized 
with uremia and bleeding from a recto- 
vaginal fistula 2% years after radiation 
treatment for a stage III carcinoma of the 
cervix uteri. Biopsies of the rectovaginal 
fistula showed no tumor. Retrograde pyelo- 
grams demonstrated bilateral hydro- 
nephrosis from marked narrowing of the 
proximal 3 cm of each ureter. There was no 
evidence of obstruction to the distal por- 
tion of either ureter. A celiotomy was 
performed to divert the fecal stream and 
ascertain the cause of the ureteral obstruc- 
tions. The upper one third of both ureters 
was encased in hard, fibrous tissue, which 
extended from the sacral promontory 
proximally over the aorta and inferior 
vena cava and then laterally into the hilar 
region of each kidney. Biopsies of the area 
of each proximal ureter and at the sacral 
promontory demonstrated poorly differ- 
entiated epidermoid carcinoma. The distal 
two thirds of each ureter was not involved 
with tumor. An end-sigmoid colostomy was 
performed to divert the fecal stream. Post- 
operatively, the azotemia temporarily im- 
proved because of the operative dissection. 
There was no further bleeding from the 
rectovaginal fistula. Two months after sur- 
gery the patient died of uremia. 


Comment 


The presentation of postirradiation 
recurrent carcinoma of the cervix by 
obstruction of the proximal portion of 
the ureters, while the distal ureters 
remain free of involvement, is unique 
in our experience. Partial relief of the 
ureteral obstruction resulted from the 
dissection required to make the 
proper diagnosis, and delayed the 
death of the patient. In future cases 
the possibility of proximal ureteral 
obstruction from carcinoma of the 
cervix must be considered. 

CHARLES B. ANDERSON, MD 
St. Louis 
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Robert M. Goldwyn, MD 
Book Review Editor 
1101 Beacon St 
Brookline, Mass 02146 


Scientific Basis of Surgery, ed 2. Edited 
by W T Irvine, BSc, MD, ChM, FRCS. Price, not 
given. Pp 677. Williams & Wilkins Co, Balti- 
more, 1972. 


This is the second edition of a well- 
known English text by Professor Ir- 
vine. Throughout, the book’s primary 
emphasis is placed on the importance 
of scientific laboratory techniques, 
which are of prime significance in the 
clinical practice of surgery. Some 30 
authors contributed to this edition, 
and most of the major areas in gen- 
eral surgery and urology are included. 

One of the important features of 
the text is the conciseness of each 
chapter. Since the entire book has less 
than 700 pages, the number. of illus- 
trations has been kept to a minimum. 
Many of the newer areas in surgery, 
especially those in which the founda- 
tion is firmly based in basic science, 
are commendably reviewed. These 
topics include hemostasis and its dis- 
orders, wound healing, hyperbaric 
oxygenation, function of the thymus 
in immunity, immunological reactions 
of the host against primary tumors, 
and biochemistry of cancer cells. The 
authors are each well recognized in 
their fields and are known for their 
basic contributions. The text is a very 
readable one, and despite multiple au- 
thors, it has a remarkable unanimity 
of style and effect upon the reader. 

In summary, the second edition of 
this prominent text has maintained 
the high standards of the previous 
one with the addition of new subjects 
that update the basic science aspects 
of the rapidly advancing field of sur- 
gery in a most commendable manner. 

DaviD C. SABISTON, JR., MD 
Durham, NC 


Lecture Notes on General Surgery, ed 
4. By Harold Ellis, DM, MCh, FRCS, Roy Yorke 
Calne, MA, MS, FRCS. Price, $10. Pp 408 with 40 
illustrations. FA Davis Co, 1915 Arch St, Phila- 
delphia 19103, 1972. 


The introduction of Lecture Notes 
on General Surgery, ed 4, explains the 
purposes of the authors, each a pro- 
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fessor of surgery in an English medi- 
cal school: 

We believe that there is a serioùs need in 
these days of expanding knowledge . . . for 
a book which will set out briefly the impor- 
tant facts in general surgery. .. . These 


. lecture notes represent our own final year 


teaching; they are in no way a substitute 
for standard textbooks but are our at- 
tempt to draw together in some sort of log- 
ical way the fundamentals of general sur- 
gery. | 

= For each surgical entity there is a 
brief description, in outline form, of 
cause, abnormality, clinical features, 
and treatment, with variations of this 
format as indicated by the subject 
matter. The book is written for the 
medical student, so only principles of 
treatment are presented, not surgical 
technique. There is minimal discus- 
sion of controversial theory. Presen- 
tation is straightforward, concise, 
and practical, and therefore neces- 
sarily somewhat dogmatic. _ 

The text contains more informa- 
tion than is perhaps expected of the 
average American senior student. 
However, the lecture notes should be 
an ideal source of ready review for 
the young surgical house officer. Also, 
for the practicing surgeon who makes 
an occasional lecture or presentation, 
the text should afford a quick compre- 
hensive outline of a subject as back- 
ground for detailed discussion of a 
specific aspect. 

CARL H. McLAUTHLIN, MD 
Denver 


Plastics Materials in Surgery. By Bernard 
Bloch, MB, ChB, FRCS, Garth W Hastings, PhD, 


BSc, ThL, FRIC, MRSH. Price, $18.75. Pp 273. © 


Charles C Thomas Publisher, Springfield, Ill, 
1972. 


This volume is a survey of currently 
available polymeric materials that 
may be useful to the surgeon. The 
book is organized around the mate- 
rials rather than by device, use, or 
surgical discipline. There are excel- 
lent sketches of basic plasties’ tech- 
nology, describing their chemical 
structure, physical properties, bio- 
compatibility, and examples of their 
commercial uses. 

Descriptions of the surgeon’s use of 
these materials are more detailed 
within the author’s orthopedic disci- 
pline than in some other specialties. 
The discussion of surgical use lacks 
perspective, as many proved appli- 
cations are glossed over casually. Un- 
due space is afforded many isolated 
reports of single, questionable tech- 


niques. The authors are less than en- 
thusiastic in criticizing poorly con- 
ceived ideas, and have unnecessarily 
retained discussions on now-defunct 
methodology. 

Being English and Australian, the 
authors were not required to work 
within the rigid requirements of the 
Federal Drug Administration, and 
did not have to consider the specter 
of legal liability. However, they do 
describe and advocate an extensive 
protocol of implant testing, and de- 
vote a brief chapter to ethical consid- 
erations as codified in the Declaration 
of Helsinki. 

A few Australian or English tech- 
nical colloquialisms may distract, but 
should not confuse, the reader. The 
bibliography is extensive and there 
are useful charts on sterilization 
methods for the various plasties. 

Plastics Materials in Surgery is a 
good introduction to polymeric mate- 
rials for the surgeon’s reference, but 
should be tempered by the critical eye 
of experience before many of the sug- 
gested techniques are used. 

GARRY S. Bropy, MD 
Downey, Calif 


Supportive Care of the Surgical Pa- 
tient. By William M Stahl, MD. Price, $13.50. 
Pp 270. Grune & Stratton Inc, 111 Fifth Ave, 
New York 10003, 1972. 


This remarkable little book deals 
with the many aspects of normal and 
abnormal physiclogy in the surgical 
patient. Although somewhat limited 
in depth, its scope is commendable, 
and there is little that it fails to touch 
upon. Although I found myself dis- 
agreeing with Dr. Stahl on occasional 
specific issues, it was surprising how. 
seldom this occurred. The book is re- 
markably up to date, easy to read, 
and expresses the many concepts in a 
clear, concise, semioutline form. Dr. 
Stahl has evaluated many controver- 
sial issues in a fair and unbiased way. 
The bibliography is selectively exten- 
sive and well organized. The chapter 
on emotional factors is excellent and 
reminds the surgeon of his own fre- 
quent failings m dealing adequately 
with this imporzant aspect of patient 
care. 

A book of this general type is often 
reviewed with a final comment by the 
reviewer that it is recommended for 
medical studenzs. I asked one bright 
Harvard medical student to read it 
and tell me his thoughts. It was his 
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opinion that it would be excellent for 
a student beginning his surgical 
clerkship or fer the surgicel practi- 
tioner who needs an up-to-date re- 
fresher course ~ surgical physiology. 
My only real criticism is that many 

areas are not Ciseussed in enough 
depth, and, yet at thesame time, this 
quality of brev i makes it possible to 
review the entire field in a period of 
two or three rizht I feel the book 
succeeds very we] m providing a suc- 
cinct review ef surgical physiology 
and most surzeons would certainly 
profit by readr > it. 

_~ @HN..L. SKILLMAN, MD 

B sion 


Hamilton Baile s Emergency Surgery. 
By T J McNair, Pries, $49. p 981. Williams & 
Wilkins Co, 428 E Presion St, Baltimore, MD 
21202, 1972. 


The stated parpose of this most 
recent edition ct Hamilton Bailey’s 
classic text is “te helpthe less experi- 
enced surgeon ~crking ... under con- 
ditions that nay be far frem ideal, 
who is expectee to possess a far wider 
knowledge of -nedieine than is the 
modern specialet.” It is dedicated to 
“surgeons, mæ: y (but net exclu- 
sively) young, wna get up at night 
when confidence may be at lcw ebb in 
order to care 5r the sick and the 
hurt.” Every ct sic inch of the human 
body is dealt with, and with such 
abundant illustrazian (much of it mul- 
ticolored) and @ sp, lucid prose that it 
should be the eary cf all who aspire to 
write textbook. A'though some will 
be critical of 7e emission of refer- 
ences, the authors say that most doc- 
tors using the seok will not have the 
time to consult -hem anyway. 

The prose, irs:ructive in the small- 
est detail, is <= blend of under- 
statement and vitality that captures 
the spirit of -urgical thinking and 
method, the unscientific part of surgi- 
cal science, and ewen the surgeon’s 
imperfections. 

On the bur=t abdomen (p 154): 
“Less frequent y the wound breaks 
open more quietly, revealing a mass 
of reddish tisst= beneath. One hopes 
that this mass ‘s the rectus muscle, 
but it nearly alszys turns out to be a 
coil of small iztsestine covered with 
granulation tise.” 

On hiccups (æ 162): “It is a serious 
complication, «<tistressing for the 
wretched patie=t, upsetting to the 
other patients and distracting for 
the staff.” 
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On brain wounds (p 177): “Fungus 
cerebri is an unpleasant sequel of in- 
fected wounds of the brain. It is al- 
ways the result of encephalitis .. . 
The old method of shaving off the 
fungus is never indicated.” 

On acute appendicitis in children (p 
415): “Auscultation reveals a nearly 
normal amount of peristalsis, 
whereas in enteritis it amounts to a 
hubbub.” 

On pancreatitis (p 498): “In the 
days before the serum amylase test 
for the confirmation of the diagnosis, 
acute pancreatitis was encountered 
rarely, and then often either at lap- 
arotomy or necropsy and, unfortu- 
nately, too often at both.” 

Here is an authoritative, complete, 
and enjoyable book of great value to 
surgical residents, most practicing 
general surgeons, and not a few spe- 
cialists. 

Forty-three years and eight edi- 
tions after his first edition of the 
book, the late Hamilton Bailey still 
has a bright future. 

NATHAN P. Coucu, MD 
Boston 


Developments in Biomedical Engineer- 
ing. Edited by Dr. Martin M. Black Price, 
$19.75. Pp 192. Crane Russak & Co, Ine, 52 Van- 
derbilt Ave, New York 10017, 1973. 


“Biomedical Engineering covers a 
very wide range of activities. As a re- 
sult, any book on the subject can only 
deal with a limited number of topics.” 
So states the publisher’s blurb on the 
dust jacket of this volume, which con- 
sists of papers presented at a sympo- 
sium on prosthetic valves, pumps, and 
extracorporeal machines held in En- 
gland in 1970. As the proceedings of 
a symposium, the work is selective 
rather than comprehensive, and is in 
no sense a text. 

The general thrust is towards engi- 
neers interested in biology rather 
than physicians interested in engi- 
neering. As is so often the case in col- 
lections of this kind, the quality of 
the offerings is, at best, mixed. Some 
of the papers attempt to provide a ba- 
sic background in their subject mat- 
ter; others read like an undigested re- 
port of the last two weeks’ experience 
in the author’s laboratory. Five of the 
chapters deal with heart valves, two 
with the membrane lung, one with 
hemodialysis, two with blood pumps, 
one half of one with an artificial 
esophagus, and three with measure- 
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ment techniques ranging from cardio- 
vascular monitoring in the intensive 
care unit to the design of an auto- 
mated chemistry laboratory. Some of 
the chapters include a useful initial 
review of the literature; others have 
not even a table of references. 
There is much of interest in this 
book, but it is difficult to know for 
whom it should be recommended. For 
the biologist interested in biomate- 
rials or systems engineering, the 
scope is too limited; for the engineer, 
probably in many instances it is too 
elementary. There is need for a com- 
prehensive work on applications of 
engineering methods to biologic prob- 
lems. Unfortunately, this is not the 
book that will fill that need. 
EDWIN W. SALZMAN, MD 
Boston 


Osteosynthese in der Handchirurgie. By 
A. Pannike. Price, $15.30. Pp 124. Springer-Ver- 
lag, Heidelberger Platz 3, 1 Berlin 33, Germany, 
1972. 


The treatment of fractures of the 
metacarpals and the fingers presents 
difficulties. Fixation, requiring im- 
mobilization of the joints, is the most 
important because it contributes to 
stiffening of the joints and tendons, 
with inevitable loss of function. A 
seven-year study was conducted in 
which a comparison of results was 
done. Various methods of fracture 
treatment were used: Kirshner wire 
fixation, Rush pinning, intramedul- 
lary pinning, joint bolting, wire cir- 
cling. These were compared with the 
method of small-fragment compres- 
sion fixation using special instrumen- 
tation developed by the Swiss Associ- 
ation of Osteosynthesis Institute and 
permitting immediate active function 
of the joints. Personal research con- 
tributed to the development of the 
technique. An extensive review of the 
literature was also done. The com- 
pression method was used in 200 
cases. The results obtained are re- 
ported and were much better with 
compression because of better resto- 
ration of function. 

The book is concise, clear, and de- 
scribes various methods, especially re- 
search and surgical technique of com- 
pression for fractures of the hand. It 
would be of interest, if translated, to 
most of the hand surgeons in the 
United States and other English- 
speaking countries. 

EMANUEL B. KAPLAN, MD 
New York 
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Anaheim, California/Dec 1-4 


It's the practicing physician’s clinic for continuing education . . . 
offering a uniquely personalized educational experience: 30 post- 
graduate courses covering new treatments and techniques in most 
major specialties. With 6 scientific sessions, film symposia, 
scientific and industrial exhibits . . . all designed to help provide 
new solutions to those everyday health-care problems. Plus a 
conference on the current status of Professional Standards Review 
Organizations. Altogether, AMA Clinical '73 promises to be the 


practicing physician's prescription for better patient care. 


Look at the new dimensions in Surgery 
that AMA Clinical '73 has to offer you... . 


O General Session 
The Role of Surgery for Cancer of the Breast 
Current Status of Renal Transplantation 
Joint Replacement 


Surgical Aspects of Coronary Artery Disease 


C Postgraduate Courses 


è The Anatomy of Surgical Procedures—Review of topo- 
graphic anatomy of such areas as the parotid and subman- 
dibular glands, thyroid gland, stomach, spleen, gut, and 
anal canal, with special emphasis on relation to practicing 
physician. 


è The Epidemiology and Management of the Acutely Irjured 
Patient—Discussion of trauma problem and the availability 
of medical care, with emphasis on common types of injury, 
such as penetrating wounds of the chest, injuries involving 
orthopedics in children, and blunt and penetrating trauma 
of the urinary tract. 


e Vascular Disease of Head and Neck—Emphasizes _in- 
cidence, progress, and prognosis of acute stroke, plus role 
of cerebral blood flow and occluded arteries in etiology; 
study of significance of transient ischemic attacks, par- 
ticularly in relation to the stroke-prone individual, including 
treatment for related vascular diseases. 


è Vascular Surgery—Detailed discussion of diagnosis and 
treatment of common surgical problems involved in lower 
extremity ischemia, stroke, and visceral ischemia. 


Clinical ’73 





O GENERAL PROGRAM 


General Sessiaa (Tentative Program) 


è Professional Standards Review Organizations Conference 

Organizatior of Federal Health Programs—The “H” in 
HEW 

Where We Ase on PSROs 

PSRO—The Tool of Government or of Medicine? 

Will PSR@ Beplace the Medical Staff Utilization Review 
Committee? 

Is Confident.ality a Thing of the Past? 

How You Practice Medicine Will Be Measured Under PSRO 

Role of Natienal Professional Standards Council 


Malpractice >laims—wWill They Increase or Decrease With 
PSRO? 


Postgraduate Courses 


è Critical Pattents—Critical Decisions—uwUtilizes audience 
interaction anc ‘programmed patients” in realistic clinical 
situations, inclsding patients with breathing difficulty, drug 
overdose, and =evere trauma. Course will establish criteria 
and priorities assessment and management of critically 
ill or injurec patients on street, in home, in hospital emer- 
gency department, or in intensive care unit. 


© Diagnostic Wltrasound—Discussion of this diagnostic 
technique and ts utilization, including the areas of ultra- 
sonography, ee 10encephalography, echocardiography, and 
abdominal, renal, obstetrical, and gynecological ultrason- 
ography. 


e Efficient Fasz Allocation in Medical Practice—Discussion 





of more efficient office operation, with emphasis on role of 
physician’s assistant, utilization of his services, and dele- 
gation of certain health care tasks to other paramedical 
personnel. 


¢ Immunology 1974—Study of immunologic testing and 
differences in pediatric vs general medical and surgical pa- 
tients, covering these disease states: immunodeficiency 
syndromes, autoimmune disorders of blood elements, and 
diagnosis of autoimmune thyroid and kidney disease. Covers 
who, what, when and how of immunologic testing. 


e Impact of Welfare Policies on the Delivery of Health Care 
—Discussion of problems encountered in different modal- 
ities of health care provision planned by various govern- 
mental bodies. Stresses relationship of medical practitioner 
to various conceptual models (such as HMOs and private 
insurance plans), plus exploration of strategies for effecting 
changes in the provision of health services. 


è Industrial Medicine in the Small Manufacturing Plant— 
Detailed discussion of method used by private physicians to 
help businessmen with in-plant medical problems, including 
compliance with government regulations and use of indus- 
trial plant nurse. 


e New Clinical Practice from the Basic Sciences—Empha- 
sizes important new concepts which influence clinical prac- 
tice in areas of pharmacology, microbiology, physiology, 
biochemistry, and pathology. 


èe Tumors of the Breast—Study of diagnosis, classification, 
and curative and palliative treatment for breast tumors, 
including consideration of curative potential for surgical 
and radiotherapeutic approaches. 


Look for the complete Scientific Program in your Oct 15 
issue of JAMA. 


Please 


print Name 


Eee 
*each physician must register in his own name) 


Advance Regist-ation/ Please return to: 


Circulation and Records Department 
American Medic=! Association 
535 N Dearborn St, Chicago 60610 


AMA CLINICAL '73 


mailing date. 


Postgraduate Course Registration 
Registration fee:* $25/414-hr course 
$40/9-hr course 


Office Address 


City/State/Zip 





This form must be returned before Nov 5, 1973. Your Advance Registration 
Card and tickets will be sent to you on Nov 12, unless you request an earlier 


— Coronary Risk Factors 
___Epidemiology and Management of the 
Acutely Injured Patient 


j 


General Registratian 

— AMA members and their guests: no fee 
— Non-member physicians: $25 

___Guests of non-members: $5 


___Medical studes-s, intems, residents: no 
fee 


| am a member of the AMA through the 
State Medical 


Association or in @he following government 





service 


My remittance f $— — — is en- 
closed. (Make eek papable to Amer- 
ican Medical A=ociation.) 


Check must accompany registration. 
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*All medical students, interns and residents: 
$12.50/414-hr course 

$20/9-hr course 

All courses meet Sunday, Monday, Tuesday/ 
Dec 2-4, 

Please indicate 1st, 2nd, and 3rd choice for 
each time: 


7:30-9:00 am (414-hr course) 

___Asthma—Causes, Pathogenesis, Treat- 
ment 

— Diagnostic Ultrasound 

— Task Allocation in Medical Practice 

— Four Million Epileptics—Outlook 1974 

— Heart Sounds and Their Interpretation 

— Impact of Welfare Policies on the Delivery 
of Health Care 

___Industrial Medicine in the Small Plant 

— Tumors of the Breast 


9:30 am-12:30 pm (9-hr course) 


___Advanced Electrocardiography 
—New Pulmonary Diagnostic Techniques 


___Factors Affecting Fetal Development and 
Neonatal Adaptation 

___High-Risk Obstetrics, Fetal Monitoring 

— Immunology 1974 

— Infectious Diseases 

— New Clinical Practice from the Basic 
Sciences 

___Pulmonary Function and Blood Gases— 
Assessment and Diagnosis 

___ Vascular Surgery 


2:00-5:00 pm (9-hr course) 

___The Anatomy of Surgical Procedures 
___Basic Electrocardiography 

— Clinical Impact of Alcoholism Research 
— Critical Patients—Critical Decisions 
___ Diagnostic Cardiology 

___Liver Diseases 

___Managing the Diabetic in Trouble 

___ Office Evaluation of Cervical Lesions 
— Problems in Child Development 
___Salt, Water and Acid Balance 
___Vascular Disease of the Head and Neck 
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* News and Comment 


Calendar of Events 
1973 


l October 

American Association for Hand Surgery, Diplomat Hotel, 
Hollywood, Fla, Oct 20-21. Sec: Kim K. Lie, MD, 27500 
Hoover Rd, Warren, Mich 48093. 

American Association for the Surgery of Trauma, Drake 
Hotel, Chicago, Oct 11-13. Sec: John A. Boswick, Jr., 
MD, 4200 E Ninth Ave, Denver 80220. 

American College of Surgeons, Clinical Congress, Conrad 
Hilton, Chicago, Oct 15-19, Dir: C. Rollins Hanlon, MD, 
55 E Erie St, Chicago 60611. 

American Society of Anesthesiologists, San Francisco Hil- 
ton, San Francisco, Oct 7-11, Exec Sec: Mr. John W. 
Andes, 515 Busse Hwy, Park Ridge, II] 60068. 

American Society of Plastic and Reconstructive Surgeons, 
Diplomat Hotel, Hollywood, Fla, Oct 21-26. Exec VICE- 
Pres: Mr. Dallas F. Whaley, 29 E Madison, Chicago 
60602. 

Clinical Orthopedic Society, New Holiday Inn, Cleveland, 
Oct 3-5. Sec-TREAs: Mack L. Clayton, MD, 2045 Franklin 
St, Denver 80205. 

Congress of Neurological Surgeons, Sheraton Waikiki Ho- 
tel, Honolulu, Oct 1-6. Sec: Robert G. Ojemann, MD, 
Massachusetts General Hospital, Boston 02114. 

International Congress of Gynecological Laparoscopy, New 
Orleans, Nov 17-20. INFO: Jordan M. Phillips, MD, 11239 
S Lakewood Blvd, Downey, Calif 90241. 

Western Orthopedic Association, Town and Country Hotel, 
San Diego, Calif, Oct 21-25. Exec Sec: Miss H. Jacque- 
line Martin, 354-21st St, Oakland, Calif 94612. 

November 

Association for Academic Surgery, Holiday Inn, Rochester, 
NY, Nov 1-3. Sec-Treas: James Cerilli, MD, Dept of 
Surgery, Columbus, Ohio 43210. 

Eastern Orthopaedic Association, Greenbrier Hotel, White 
Sulphur Springs, WVa, Oct 17-21. Exec Sec: Miss Eliza- 
beth F. Capella, 330 S 9th St, Philadelphia 19107. 

International College of Surgeons, Western Hemisphere 
Congress and US Section, VI, Pick Congress Hotel, Chi- 
cago, Nov 23-29. GEN CHAIR: M. Leopold Brodny, MD, 
1516 Lake Shore Dr, Chicago 60610. 

Southern Thoracic Surgical Association, Galt House, Lowis- 
ville, Nov 1-3. SEc-TREAS: James W. Brooks, MD, Box 
136, MCV Hospital, Richmond, Va 23219. 

Symposium in Advanced Techniques of Hand Surgery, 
Williamsburg, Va, Nov 4-7. INFO: Jerome E. Adamson, 
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MD, 603 Medical Tower, Norfolk, Va 23507. 

Western Surgical Association, Shamrock Hilton, Houston, 
Nov 14-17. Sec: William P. Mikkesen, MD, 1127 Wil- 
shire Blvd, Los Angeles 90017. 

1974 
January 

American Society for Surgery of the Hand, Dallas, Jan 19- 
24. Sec-TREAS: John A. Boswick, Je., MD, 4200 E Ninth 
Ave, Denver 80220. 

March 

American College of Surgeons, Houston, March 25-27. Asst 
Dir: Edwin W. Gerrish, MD, 55 E Erie St, Chicago 
60611. 

April 

American Pediatric Surgical Associetion, New Orleans, 
April 4-6. Inro: William P. Tunell, MD, Department of 
Surgery, Louisiana State University Medical Center, 
1542 Tulane Ave, New Orleans 70112. 

V Internacional Congress of Oral- and Maxillofacial Surgery, 
Madrid, April 21-25. Inro: Dr. F. A arcón, PO Box 46078, 
Madrid. 

July 

Fifth International Seminar and Exhibition, The Central 
Hall Westminster, London, SW 1. July 1-5. Con Src: 
REHAB, Tavistock House (South), London, WC 1H 9LB. 

October 

American Association for the Surgery of Trauma, Home- 
stead, Hot Springs, Va, Oct 17-19. Src: John A. Boswick, 
Jr., MD, University of Colorado Medical Center, 4200 E 
Ninth Ave, Denver 80220. 

American College of Surgeons, 60th Annual Clinical Con- 
gress, Miami Beach, Fla, Oct 21-25. Asst Dir: Edwin W. 
Gerrish, MD, 55 E Erie St, Chicago 60611. 

American Society of Maxillofacial Surgeons, Shamrock 
Hilton, Houston, Oct 27-Nov 1. Sec-TrEAs: Samuel Shat- 
kin, MD, DDS, 50 High St, Buffalo 14203. 

XI International Cancer Congress, Florence, Oct 20-26. SEC 
GEN: Umberto Veronesi, Instituto Nazionale Tumori, 
20133 Milan, Italy. 

Western Orthopedic Association, H Iton Honolulu, Hono- 
lulu, Oct 5-12. Exec Sec: Miss H. Jacqueline Martin, 
354-21st St, Oakland, Calif 94612. 

World Congress, Collegium Internationale Chirurgiae Diges- 
tivae, Third, Conrad Hilton Hotel, Chicago, Oct 9-11. SEC: 
Lloyd M. Nyhus, MD, PO Box 6998, Chicago 60680. 
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1/23 0 Large gastric ulcer 
on lcwenmpertion cf angulus 


endoscopy reveals it took 
7: weeks to get from here... 


to here. 








3, 12/%C Ulcer completely 
heaEc. ndentatien 
represents scar from ulcer 
crater 


The need to provide an adequate 
therapeutic regimen. 


The gcal of medical treatment of a peptic ulcer is to 
promote optimum sanditions for the natural healing process by 
helping to reduce gastric secretion and hypermotility as well 
as undue anxiety. 


The need tc weat the psyche as well 
as the sama. 


It has been scic that in peptic ulcer the psyche may require 
as much attention zs zhe soma.? This is reasonable since it is 
well known ‘hat undue anxiety from emotional stress can 
frequently cause an increase in gastric secretions and also 
hypermotility ...ccaditions that might adversely affect the 
healing process and nterfere with remission. This is where 
dual-action Librexcar help. 


1. Data on file. Hoffr-arn-La Roche Inc., Nutley, N.J. 07110. 
2. Perkel L. L: J. Med. Soc. New Jersey, 65:242, 1968. 


Helps to relieve undue anxiety, reduce G.I. 
hypermofility and hypersecretion. 


Only Librax combines in a single capsule the well-known 
antianxiety action efLibrium® (chlordiazepoxide HCl) and the 
dependable antisecretory / antispasmodic action of Quarzan® 
(clidinium Br). The action of Librium helps reduce excessive 
anxiety which may irtensify the hydrochloric acid flow in the 
gastrointestinal trazt At the same time, the action of Quarzan, 

a dependable antic 1clinergic, helps to reduce G.I. hypermotility 
and hypersecreticr te help relieve associated pain and spasm. 


Up to 8 caps es daily in divided doses. 

For optima sesponse, dosage should be adjusted to your 
patient’s requiremencs—1 or 2 capsules, 3 or 4 times daily. 

Rx: Librax £25 for initial evaluation of patient response 
to therapy. 

Rx: Librax #190 for follow-up therapy —this prescription 
for 2 to 3 weeks’ m 2dication ean help maintain patient gains while 
permitting lessfrecuent visits. 


Before prescribing, please consult complete product 
information, a summary of which follows: 

Indications: Symptomatic relief of hypersecretion, hy- 
permotility and anxiety and tension states associated with or- 
ganic or functional gastrointestinal disorders; and as adjunctive 
therapy in the management of peptic ulcer, gastritis, duo- 
denitis. irritable bowel syndrome, spastic colitis, and mild 
ulcerative colitis. 

Contraindications: Patients with glaucoma, prostatic 
hypertrophy and benign bladder neck obstruction; known 
hypersensitivity to chlordiazepoxide hydrochloride and/or 
clidinium bromide. 

Warnings: Caution patients about possible combined 
effects with alcohol and other CNS depressants. As with all 
CNS-acting drugs, caution patients against hazardous occupa- 
tions requiring complete mental alertness (¢.g., operating ma- 
chinery, driving). Though physical and psychological depend- 
ence have rarely been reported on recommended doses, use 
caution in administering Librium (chlordiazepoxide hydro- 
chloride) to known addiction-prone individuals or those who 
might increase dosage; withdrawal symptoms (including con- 
vulsions), following discontinuation of the drug and similar 
to those seen with barbiturates, have been reported. Use of 
any drug in pregnancy, lactation, or in women of childbearing 
age requires that its potential benefits be weighed against its 
possible hazards. As with all anticholinergic drugs, an inhibit- 
ing effect on lactation may occur. 

Precautions: In elderly and debilitated, limit dosage to 
smallest effective amount to preclude development of ataxia, 
oversedation or confusion (not more than two capsules per 
day initially; increase gradually as needed and tolerated). 
Though generally not recommended, if combination therapy 
with other psychotropics seems indicated, carefully consider 
individual pharmacologic effects, particularly in use of po- 
tentiating drugs such as MAO inhibitors and phenothiazines. 
Observe usual precautions in presence of impaired renal or 
hepatic function. Paradoxical reactions (e.g., excitement, stim- 
ulation and acute rage) have been reported in psychiatric pa- 
tients. Employ usual precautions in treatment of anxiety states 
with evidence of impending depression; suicidal tendencies 
may be present and protective measures necessary. Variable 
effects on blood coagulation have been reported very rarely in 
patients receiving the drug and oral anticoagulants; causal re- 
lationship has not been established clinically. 

Adverse Reactions: No side effects or manifestations 
not seen with either compound alone have been reported with 
Librax. When chlordiazepoxide hydrochloride is used alone, 
drowsiness, ataxia and confusion may occur, especially in the 
elderly and debilitated. These are reversible in most instances 
by proper dosage adjustment, but are also occasionally ob- 
served at the lower dosage ranges. In a few instances syncope 
has been reported. Also encountered are isolated instances of 
skin eruptions, edema, minor menstrual irregularities, nau- 
sea and constipation, extrapyramidal symptoms, increased and 
decreased libido—all infrequent and generally controlled with 
dosage reduction; changes in EEG patterns (low-voltage fast 
activity) may appear during and after treatment, blood dys- 
crasias (including agranulocytosis), jaundice and hepatic dys- 
function have been reported occasionally with chlordiazepox- 
ide hydrochloride, making periodic blood counts and liver 
function tests advisable during protracted therapy. Adverse 
effects reported with Librax are typical of anticholinergic 
agents, i.e., dryness of mouth, blurring of vision, urinary hes- 
itancy and constipation. Constipation has occurred most often 
when Librax therapy is combined with other spasmolytics 
and/or low residue diets. 


relieves anxiety-linked 
symptoms of peptic ulcer 


eq adjunctive 
Librax@ 


Each capsule contains 5 mg chlordiazepoxide HC] 
and 2.5 mg clidinium Br. 






endoscopy 
reveals 
it took 
7/4 weeks 
to get 
from here... 


1/23/70 Large gastric ulcer 


on lower portion of angulus. 


to here. 


3/13/70 Ulcer completely 


healed. Indentation 


represents scar from ulcer 


erater. 


Case history: ' 


A 40-year-old male, weighing 165 lbs, reported experiencing, 
for two months, acute epigastric and periumbilical cramping-type pain 
accompanied by nausea with occasional episodes of vomiting, but with 
no evidence of hemoptysis. 

Physical examination revealed epigastric tenderness. A G.I. 
series indicated a large, rounded ulcer, presumably a chronic peptic 
ulcer, measuring 21⁄2 cm at the base, on the lesser curvature of the 
stomach at the junction between the body and antrum. 

Endoscopic findings, as recorded with the gastrocamera, 
distinctly revealed a large ulcer, presumably a chronic peptic ulcer, 
on the lower portion of the angulus. 

The patient was hospitalized for 2 weeks on a modified ulcer 
regimen of dietary management, Librax and an antacid. Symptomatic 
relief was progressive. After 71⁄2 weeks on this therapeutic regimen, 
which included 2 capsules of Librax 4 times daily, endoscopy 
revealed the ulcer had completely healed. 


relieves anxiety-linked 
symptoms of peptic ulcer 


adjunctive 


Librax 


Each capsule contains 5 mg chlordiazepoxide HC] 
and 2.5 mg clidinium Br. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Please see preceding page for 
summary of prescribing information. 
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DI IRI IM ATION 


For the surgeon 


The documented properties 
of DALMANE“(flurazeoam HC!) 


for sleep 


Dalmane (flurazepam HCI) is a distinctive sleep medica- 
tion—a benzodiazepine specifically indicated for insomnia. 
It is not a barbiturate or methaqualone, nor is it related 
chemically to any other available hypnotic. 

The properties of Dalmane have been carefully defined 
and thoroughly evaluated. Results of these investigations — 
many of which are cited here—have documented the effec- 
tiveness and relative safety of Dalmane when the etiology 
of insomnia indicates need for sleep medication. 





Prompt, sustained sleep response" 


Effective night after night?2*°°** 





1. Kales, A.: “Psychophysiological and Biochemical 
Changes Following Use and Withdrawal of Hypnotics 
in Kales, A. (ed.): Sleep: Physiology and Pathology, Phila- 
delphia, Lippincott, 1969, p. 331. 2. Kales, J.. et al.: Clin 
Pharmacol.Ther.,12:691,1971.3.Jacobson. A.. etal :Psy- 
chophysiology, 7:345,1970. 4. Kales, A., and Kales. J.: 


A E AN N A 
Relative safety "45 





Consistent relief of insomnia 
in postsurgical patients” 


J.A.M.A.,213:2229, 1970.5. Frost, J. D.. Jr: “A System 
for Automatically Analyzing Sleep” Scientific Exhibit pre- 
sented at Clinical Convention, A.M.A., Boston. Nov. 29- 
Dec. 2, 1970; and at 42nd Annual Scientific Meeting, 
Aerospace Med. Assoc., Houston, April 26-29. 1971: 
6. Karacan, l., etal.: “The Sleep Laboratory in the Investi- 
gation of Sleep and Sleep Disturbances” Scientific 
Exhibit presented at Amer. Psychiat. Assoc.. Washington, 
D.C., May 3-7, 1971. 7. Hartmann, E.: Psychopharma- 
cologia (Berl), 12:346, 1968. 8. Dement, W C.: Data on 
file, Medical Department, Hoffmann-La Roche INC., 





Usefulness in chronically 
anticoagulated patients" 





Nutley, N.J. 9. Vogel, G. W: Data on file, Medical Depart- 
ment, Hoffmann-La Rochelnc., Nutley, N.J.10. Kales. A.. 
and Kales, J. D.: Pharmacol. Physicians, 4:1. 1970 

11. Data on file, Medical Department, Hoffmann-La Roche 
Inc., Nutley, N.J. 12. Kales, A., et al.: Arch.Gen. Psychiat., 
23:226,1970. 13. Meyer, J. A.: “Flurazepam Hydrochlor- 
ide for the Short-Term Treatment of Insomnia in the 


*Generally, when adverse effects were reported clinically with Dalmane 
(flurazepam HCI), they were mild and infrequent. Dizziness, drowsiness, 
lightheadedness and the like were the side effects noted most often, 
particularly imthe elderly or debilitated. (An initial dose of Dalmane 15 mg 
should be prescribed for these patients ) 





No need to repeat dosage during 
the night ” 





Hospitalized Post-Surgical Patient; Scientific Exhibit 
presented at AAGP San Francisco, Calif., Sept. 28-Oct. 
1, 1970. +4 Zimmerman A. M.: Curr. Ther. Res., 13:18, 
1971. 15. Greenblatt, D., and Shader, R.: Ann. Intern. 
Med., 77°94, 1972. 
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Data a out 
Dalmane (flurazepam HCl) 


on request 

The references cited constitute only a part of 
the Dalmeane bibliography. Additional data are 
available ‘hrough the Roche Professional Ser- 
vices Department. Augmenting this service is 
RETRIEV =..a computer-operated data retrieval 
system whieh screens data from the published 
English language papers on Dalmane to help 
provide rapid answers to your specific ques- 
tions. Coded into the computerized index are 
pararmeters that include patient age, sex, condi- 
tion; sroduct dose, side effect, frequency of 
administratien; other medications or therapy; 
length. type and size of study, and pharmacology. 

For specific answers to any questions you 
mighthave about Da mane, write or call: Roche 
Projessioral Services Department, Roche Lab- 
oratomies, Nutley, NJ. 07110. Telephone: (201) 
235-2355. 
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Before prescribing Dalmane (fiurazepam HCI), please consult 
Complete Product Information, a summary of which follows: 


Indications: Effective in all types of insomnia characterized by 
difficulty in falling asleep, frequent nocturnal awakenings and/or 
early morning awakening; in patients with recurring insomnia or 
poor sleeping habits; and in acute or chronic medical situations 
requiring restful sleep. Since insomnia is often transient and inter- 
mittent, prolonged administration is generally not necessary or 
recommended. 


Contraindications: Known hypersensitivity to flurazepam HCI. 


Warnings: Caution patients about possible combined effects with 
alcohol and other CNS depressants. Caution against hazardous 
occupations requiring complete mental alertness (e.g., operating 
machinery, driving). Use in women who are or may become preg- 
nant only when potential benefits have been weighed against 
possible hazards. Not recommended for use in persons under 15 
years of age. Though physical and psychological dependence 
have not been reported on recommended doses, use Caution in 
administering to addiction-prone individuals or those who might 
increase dosage. 


Precautions: In elderly and debilitated, initial dosage should be 
limited to 15 mg to preclude oversedation, dizziness and/or ataxia. 
If combined with other drugs having hypnotic or CNS-depressant 
effects, consider potential additive effects. Employ usual precau- 
tions in patients who are severely depressed, or with latent 
depression or suicidal tendencies. Periodic blood counts and liver 
and kidney function tests are advised during repeated therapy. 
Observe usual precautions in presence of impaired renal or 
hepatic function, 


Adverse Reactions: Dizziness, drowsiness, lightheadedness, 
staggering, ataxia and falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, lethargy, disorientation and 
coma, probably indicative of drug intolerance or overdosage, have 
been reported. Also reported were headache, heartburn, upset 
stomach, nausea, vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, irritability, weakness, 
palpitations, chest pains, body and joint pains and GU complaints. 
There have also been rare occurrences of sweating, flushes, 
difficulty in focusing, blurred vision, burning eyes, faintness, hypo- 
tension, shortness of breath, pruritus, skin rash, dry mouth, 

bitter taste. excessive salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, hallucinations, and 
elevated SGOT, SGPT, total and direct bilirubins and alkaline phos- 
phatase. Paradoxical reactions, e.g., excitement, stimulation and 
hyperactivity, have also been reported in rare instances. 


Dosage: |ndividualize for maximum beneficial effect. Adults: 30 mg 
usual dosage; 15 mg may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until response is determined. 


Supplied: Capsules containing 15 mg or 30 mg flurazepam HCI. 


DALMANE 


flurazepam HCI 


When restful sleep 
is indicated 


One 30-mg capsule h.s.—usual adult dosage 

(15 mg may suffice in some patients). 

One 15-mg capsule h.s.—initial dosage for elderly 
or debilitated patients. 





ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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praa Sky-high microbicidal efficacy plus down- 
-=u to-earth convenience distinguishes 
BETADINE antiseptics. They kill bacteria 
(gram-positive and gram-negative), fungi, 
viruses, protozoa and yeasts. Yet they are 
virtually nonstinging, nonirritating and do 
not stain skin, mucosa, or natural fabrics. 
And they are available in a variety of forms, 
designed and formulated for specific uses. 


© COPYRIGHT 1973, THE PURDUE FREDERICK COMPANY/NORWALK, CONN 06856 
A7192 135273 


When potential moon germs were a threat 
NASA had selected a broad-spectrum 
BETADINE microbicide for decontamination 
of the lunar capsules in Apollo 11/12/14 
splashdowns. 
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BETADINE Solution is circling the earth in 
orbit, to be used regularly for disinfection of 
certain equipment and for contingencies. 


Chosen by NASA for Skylab mission! 
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Editorial 
Certification in 


T June 1974 the Society for Vas- 
cular Surzery and the North 
American CEapter of the Inter- 
national Cerdinwascular Society 
(ICVS) held her annual meetings 
back to back, as is their custom. The 
members will we are sure, all agree 
that the næst significant event 
emerging from the Toronto meeting 
was aeceptan«e af -he concept of vas- 
cular surgery as a formal specialty. — 

A recent peves president of the 
ICVS Nortt American Chapter, Dr. 
Jack Cannon had in his presidential 
address draw actention to the trag- 
edies that ar= the common results of 
vasqular operations performed by sur- 
geons with Hcomplete training and 
overabundan. entusiasm. In the pre- 
vious year De E.J Wylie in his presi- 
dential addr=ss te the same society 
mace the firm reeommendation that 
formal vascular -raining programs 
and their predu:ts be given recogni- 
tion and that the better of them be 
used as starcamis for the formation 
of new ones. 

Almost simulkaneously the Inter- 
society Comrissiam on Heart Disease 
Resources, f=viag recommended ba- 
sic standard for serformance of car- 
diae surgery, ext2nded its activities 
to the crea om ef a committee on 
Vascular Sawgey. A report on the 
recommendation of that committee 
appeared ir the ARCHIVES late in 
1972. It suramerzed a large body of 
aeccumulatec data and thoughtful 
work. It re=ognized approximations 
of support “acili-ies for simple and 
advanced wascular operations and 
minimum ard cptimum case loads for 
training pregrars. 

Next, the twe seieties forwarded a 
resolution tə the American Board of 
Surgery (A3S) the American Surgi- 
cal Associat ən (ASA), and the Amer- 
ican College of Surgeons (ACS) that a 
method be ceval for certifying spe- 
cial compet=ne@ in vascular surgery 
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under the aegis of the ABS. The reso- 
lution was approved by each of these 
surgical organizations. An ad hoc 
committee was then appointed by the 
presidents of the two vascular so- 
cieties to prepare a document for sub- 
mission to the ABS, which would de- 
scribe the content of an adequate 
training program in vascular surgery 
and define methods of examination 
for those desiring recognition of spe- 
cial competence in vascular surgery in 
a manner already pioneered by pe- 
diatrie surgery. 

A preliminary document has been 
prepared and approved in principle by 
the ABS at its June 1973 meeting. Fi- 
nal aetion has been withheld, pending 
receipt and approval of an addendum, 
which is to describe in more precise 
detail the qualifications of an ade- 
quate training program in vascular 
surgery. The ABS has further urged 
recognition that acquisition of special 
profieiency may be obtained by sev- 
eral routes, within the structure of an 
appreved general surgery residency 
program, as a special fellowship in 
vascular surgery, or as an experience 
combined with training in cardio- 
thoracic surgery. 

The future, now charged with mo- 
mentum, will probably unfold as fol- 
lows: Final approval by the ABS and 
subsequently by the American Board 
of Medical Specialties (ABMS) will 
take at least one year. The Joint 
Commission on Accreditation of Hos- 
pitals (JCAH) will receive appli- 
cations for approval of individual pro- 
grams. This will occur after the 
delays inherent in the composing, 
printing, preparation, and submission 
of these forms. 

After preparing and conducting an 
appropriate examination the ABS 
will issue individual certificates of 
special competence. The board will se- 
lect its examiners. There will be no 
founders’ group. Everyone desiring a 
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certificate must pass the examina- 
tion. This will include professors, 
busy surgical practitioners, and, if 
the procedure to be used by the pe- 
diatric surgeons is followed, the ex- 
aminers themselves (although they 
must wait until new examiners take 
their places after about two years). 
Many questions have understand- 
ably been raised. What of members of 
the Society for Vascular Surgery and 
of the ICVS who fail the examina- 
tion? How is the ABS and its exam- 
iners to handle the first flood of 
applications? Since the numbers-of- 
operations-in-various-categories 
game can cause mischief by stimulat- 
ing unnecessary surgery, will the 
ABS and the JCAH be farsighted 
enough not to insist on a critical min- 
imum number of operative cases for 
individuals or programs? Should certi- 
fication of proficiency eventually be- 


come a guideline for authorization of 


services by government and third- 
party insurance carriers? The gradual 
emergence of answers to these ques- 
tions will add a new and exciting di- 
mension to the lives of surgery 
watchers everywhere. 

And finally, although the motives 
behind these activities are worthy 
and innocent, it can be safely pre- 
dicted that there will be those who 
will use other adjectives. Accusations 
of elitism (see Hanlon discussion’) are 
inevitable. It has been demonstrated, 
however, that in our free-wheeling 
US system, controls of some sort are 
necessary. We must applaud the vi- 
sion, industry, and courage of those 
who have been willing to take this 
step. They know better than most the 
rocky road still to be traveled. 

RICHARD WARREN, MD 
Boston 
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Papers Reac Before the 21st Scientific Meeting 
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Toronto, -umne 21-22, 1973 


The Development of Carotid Artery Surgery 


t is my -purpese in this ad- 
dress te view the development 
of carotid artery surgery'as it relates 
to the problem o- serebrovascular in- 
sufficiency caused by extracranial 
atherosclerotE o*cusive disease. We 
are indebted to many members of 
this organization for numerous ad- 
vances in tha fei during the past 
two deeades. 


His. ory 


The word "zarət cd” is derived from 
the Greek term meaning to stupefy or 
to plunge into deep sleep. According 
to Rufus of Ephesus (circa 100 AD) 
the term wa- appied to the arteries 
of the neck beqazse compression of 
these vessels prodeced stupor or sleep. 
Ambrcise Paré Eas recounted this 
phenomenon as follows: “[The] two 
branches whch they call earotides or 
soporales, the sleesy arteries, because 
they being dbs .raeted, or any way 
stopt we presertly fall asleep.’ Ac- 
cording te Panl, Hippocrates and 
Galen were eware that hemiplegia re- 


sulted from a leon in the opposite — 


side of the braia. 
The first epera ions on the carotid 
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artery were quite naturally ligation 
procedures for hemorrhage. Most 
likely Hebenstreit in 1793 did the 
first ligation for injury, although 
John Abernethy is credited with the 
first deliberate ligation in 1798, fol- 
lowing control of hemorrhage by com- 
pression, of the left carotid artery 
torn from a goring by the horn of a 
cow.” 

Sir Astley Cooper was the first to li- 
gate the carotid for cervical ańeu- 
rysm in 1805. This patient died of sep- 
sis but in 1808 Cooper repeated the 
operation, this time successfully, and 
the patient lived until 1821.* In 1809 
Benjamin Travers first ligated the 
common carotid for a carotid-cav- 
ernous fistula and in 1885 Victor 
Horsley first ligated the cervical ca- 
rotid for nonfistulous intracranial an- 
eurysm. By 1868 Pilz had been able to 
collect 600 recorded cases of carotid li- 
gation for hemorrhage or cervical an- 
eurysm with a mortality of 43%.° 

Until fairly recently the prevailing 
notion held by most physicians was 
that strokes were caused by intracra- 
nial vascular disease, in spite of the 
fact that Gull (1855), Savory (1856), 
Broadbent (1871), and Penzoldt (1881) 
had all described occlusive lesions 
in the extracranial segments of the 
main arteries supplying the brain and 
noted their association with symp- 
toms of cerebral ischemia.®’ In fact, 
in 1905 Chiari described the ulcerat- 


ing plaque and found that emboli 
could break away from carotid sinus 
area plaques and cause strokes." 

In a significant article in 1914 Hunt 
called attention once again to the im- 
portance of extracranial occlusions in 
cerebrovascular disease. He recog- 
nized that both partial and complete 
occlusions of the innominate and ca- 
rotid arteries could be responsible for 
various cerebral syndromes of vascu- 
lar origin and even used the term “ce- 
rebral intermittent claudication” to 
describe certain eases. He suggested 
that extracranial obstructions had 
been largely overlooked and empha- 
sized the importance of examining 
the cervical carotid system in pa- 
tients with strokes.’ 

The next significant contribution 
was the report of Egas Moniz in Lis- 
bon,’ who in 1927 first described the 
technique of cerebral arteriography 
and thus laid the groundwork of a 
practical method for the diagnosis of 
occlusive lesions. The first report of 
carotid thrombosis demonstrated by 
arteriography was that of Sjéqvist in 
1936." In 1937, Moniz et al’* reported 
four patients with occlusion of the 
cervical portion of the internal ca- 
rotid artery in whom the diagnosis 
had been established by arteriogra- 
phy. By 1951 Johnson and Walker’ 
were able to collect from the litera- 
ture 101 instances of carotid throm- 
bosis all diagnosed by arteriography. 


Carotid Artery Surgery/Thompson 643 


‘ 
P- "TES 


Table 1.—The First Carotid Reconstructions for Cerebrovascular Insufficiency 
a Degree Restoration 





Author 
Carrea, Molins, and Murphy” 







Strully, Hurwitt, and 





In two important papers in 1951 
and 1954, Fisher'*'* reemphasized the 
relationship between disease of the 
carotid artery in the neck and cere- 
brovascular insufficiency. He defined 
the basic nature of the lesion as 
atherosclerosis, noted again the oc- 
currence of partial and complete oc- 
clusions, and described several syn- 
dromes associated with such occlusive 
disease. He observed that in the pres- 
ence of severe stenosis at the common 
carotid bifurcation, the distal vessels 
may be entirely free of disease. He 
realized the importance of these ob- 
servations and stated that “it is even 
conceivable that some day vascular 
surgery will find a way to bypass the 
occluded portion of the artery during 
the period of ominous fleeting symp- 
toms. Anastomosis of the external ca- 
rotid artery or one of its branches 
with the internal carotid artery above 
the area of narrowing should be fea- 
sible.” 

In the same year, 1951, Wylie et al’: 
introduced into the United States the 
procedure of thromboendarterectomy 
for the removal of atherosclerotic 
plaques from the aortoiliac segments, 
but it had not been used on the ca- 
rotid artery. 

Fisher’s prophecy of surgical recon- 
struction of the carotid artery in the 
neck as therapy for occlusive disease 
was soon fulfilled. The first successful 
surgical reconstruction of a carotid 
artery was performed by Carrea et 
al in Buenos Aires on Oct 20, 1951 and 
was reported by them in 1955.17 In a 
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Operation 
Oct 20, 1951 


Jan 28, 1953 


June 1954 


Date 
of 


Stenosis 
Partial 






Total 










Partial 


patient with a stroke who had ste- 
nosis of the left internal carotid in 
the neck they performed an anasto- 
mosis between the external carotid 
and the distal internal carotid ar- 
teries following partial resection of 
the stenosed area. The patient made 
an uneventful recovery with return to 
a normal neurologic status. 

The first successful carotid endar- 
terectomy was performed by Michael 
E. DeBakey, MD, on Aug 7, 1953, in a 
patient with a frank stroke having 
total occlusion of the left internal ca- 
rotid artery (written communica- 
tions, April 16 and May 3, 1973). The 
first report by DeBakey and his col- 
leagues (Fields et al) on this subject 
appeared in 1958.8 

The operation which gave the 
greatest impetus to the development 
of surgery for carotid occlusive dis- 
ease was that of Eastcott et al which 
was performed on May 19, 1954 and 
reported in November, 1954."° This 
was an end-to-end anastomosis be- 
tween the common carotid and distal 
internal carotid arteries following re- 
section. Table 1 lists in chronological 
order the early carotid procedures 
performed for the treatment of ex- 
tracranial cerebrovascular disease.” 
With increasing experience all have 
been abandoned with the exception of 
endartereetomy, which has become 
the standard operation. 

A fascinating aspect of this subject 
is the study of famous people who 
have had strokes and the possible in- 
fluence of the disease on the fate of 


End-to-end anastomosis external 
carotid to internal carotid 


Thromboendarterectomy followed 


Blankenberg” by ligation and resection 
DeBakey, unpublished Aug 7, 1953 Total Thromboendarterectomy 
Eastcott, Pickering, and Rob” May 19, 1954 Partial End-to-end anastomosis common 


carotid to internal carotid 


of 
Procedure 





Flow 
Yes 
No 
Yes 
Yes 





Thromboendarterectomy Y 


es 
Denman, Ehni, and Duty”! July 14, 1954 Total Resection with homograft Yes 
vein graft 
Murphey and Miller?’ Feb 6, 1956 Total Thromboendarterectomy Yes 
Feb 24, 1956 Partial Thromboendarterectomy Yes 
graft 


nations. Several reports have dealt 
with this in some detail.”-++ World-fa- 
mous figures include Louis Pasteur, 
Marshal Paul von Hindenburg, and V. 
I. Lenin. No less than ten American 
Presidents have suffered from or died 
of cerebrovascular disease, including 
Woodrow Wilson, Franklin D. Roose- 
velt, and Dwight D. Eisenhower. 


Modern Concepts 


With changing concepts in the eti- 
ology and management of ischemic 
stroke syndromes during the last 20 
years has come a widespread renewal 
of interest. Witness the creation of 
the nationwide Joint Study of Ex- 
tracranial Arterial Occlusion in 
1961,” the formation of the Joint 
Committee for Stroke Facilities in 
1969, and the publication of Cerebro- 
vascular Bibliography, beginning in 
1961. The importance of cerebral col- 
lateral circulation and the varied pat- 
terns of cerebral vasculature demon- 
strated by arteriography have been 
emphasized.?*:?" 

While improved techniques of reha- 
bilitation have given the patient with 
a completed stroke a more hopeful 
outlook, primary emphasis has shifted 
from rehabilitation to prevention of 
strokes. The stroke-prone patient has 
been identified, and measures such as 
cessation of smoking, reduction in 
weight, modification of diet, and 
treatment of diabetes, hypertension, 
and heart disease have been pre- 
scribed. There are little actual data, 
however, to prove that these mea- 
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sures have resulted in any significant 
reduction in the incidence of strokes. 
The only methods ef treatment that 
have been shown te lower the occur- 
rence of strokes im susceptiole indi- 
viduals are carotid endarterectomy 
and perhaps long-term anticoagulant 
therapy. 

We have come a long way but many 
problems remain. Operation is still 
not uniformly aceepted or employed. 
There has been no general agreement 
on indications in some of tke clinical 
categories because of the lack of ade- 
quate control data. Nevertheless, sur- 
gical measures have assumed an in- 
creasingly important role in the 
definitive management of properly 
chosen patients with cerebrovascular 
insufficiency syndromes.?®-* 

What have we learned? First of all, 
we know that arteriography is man- 
datory for proper diagnosis and 
proper planning of therapy. These ar- 
teriograms must be bilateral, biplane, 
and must include views of the intra- 
cranial vasculature as well as the ex- 
tracranial vessels in the neck. Four- 
vessel and arch studies are also neces- 
sary as indicated” 

Most investigaters agree that pa- 
tients with acute profound or pro- 
gressing strokes should net be oper- 
ated upon in the aeute phase because 
of the prohibitive mortality and mor- 
bidity.“ They should be allowed to 
stabilize for two to six weeks or 
longer and then have the appropriate 
studies carried out. 


Operative Mortality 


With proper selection of patients 
and proper imtraoperative and post- 
operative management carotid end- 
arterectomy cam be performed with 
an acceptable operative mortality. 
Table 2 shows our total experience 
during 16 years since the first oper- 
ation on April 16, 1957. Operative 
mortality for frank stroke has been 
6.1%, that for transient ischemia 0.7%, 
and for chronie ischemia and asymp- 
tomatic bruits has been zero. Thus, in, 
1.013 operations, operative mortality 
has been 2.3%. 

In the last ten years this mortality 
has been reduced by avoiding oper- 
ation on patients with acute profound 
and progressing strokes and by the 
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Table 2.—Operative Mortality Following Carotid Endarterectomy 
(16 Years’ Experience) 


No. of 


Clinical Category Patients 


Transient cerebral 
ischemia 


Chronic cerebral 
ischemia 


Asymptomatic 


bruit 128 
1,013 


Totals 


No. of 
Operations 


Frank:stroke 259 310 


Procedure 
Mortality, % 


6.14 


No. of Patient 
Deaths Mortality, % 
19 7.35 


0.725 


Table 3.—Operative Mortality Following Endarterectomy 
(Ten Years’ Recent Experience) 


No. of 
Clinical Category Patients 
Frank stroke 154 


Transient cerebral 
ischemia 


Asymptomatic 
bruit 


Totals 





routine use of a temporary inlying 
shunt in all partially occlusive lesions 
(Table 3). Frank stroke mortality is 
now 4.3% while that for transient is- 
chemia is 0.46%, with an overall mor- 
tality of 1.35%. 


Transient Ischemia 


The transient ischemic stage of 
cerebrovascular insufficiency should 
be the ideal time for definitive surgi- 
cal therapy. No neurologic deficit is 
present and if the causative lesion 
can be removed, strokes should be 
prevented in the majority of patients 
so treated. Several series of untreated 
patients with transient cerebral is- 
chemic attacks have now been re- 
ported in the literature.** On the 
average 35% of these patients devel- 
oped actual strokes if observed up to 
five years. In one study from En- 
gland, Acheson and Hutchinson re- 
port the occurrence of strokes in 62% 
of 151 patients with transient is- 
chemic attacks. In our experience, 
60% of patients with strokes gave a 
history of previous transient ischemic 
episodes. 

The goals of surgical therapy in 
this group are twofold, to relieve the 
disabling symptoms of transient is- 
chemia and to prevent strokes. Four 


No. of 
a 


Procedure 
Mortality, % 


4.35 


Patient 
ae % 


No. of 
sea 


indexes will be considered: operative 
mortality, neurologic complications of 
operation, long-term functional re- 
sults, and long-term survival rates. 
As already mentioned, operative 
mortality is quite low, being 0.46% 
when general anesthesia and a shunt 
are routinely employed (Table 3). 
The most serious complication of 
carotid endarterectomy is the occur- 
rence of neurologic deficits. If one is 
to advocate surgery for patients with 
transient cerebral ischemia it is im- 
perative that every effort be made 
to avoid such complications. General 
anesthesia, maintenance of normal 
blood pressure, gentleness during dis- 
section, routine use of a shunt, and 
the avoidance of hypotension and hy- 
pertension postoperatively combine 
to give the lowest complication 
rates.» The majority of patients un- 
dergoing operation probably do not 
require special measures for cerebral 
protection other than general anes- 
thesia and the maintenance of ade- 
quate blood pressure. Patients with 
the more severe forms of occlusive 
disease do require some form of cere- 
bral protection if deficits are to be 
avoided. Studies at the present time 
indicate that the determination of in- 
ternal carotid artery back pressure 
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with the artery clamped, the so-called 
stump pressure, is probably the most 
reliable method for determining the 
necessity of added cerebral protection 
in the operating room. Various levels 
of stump pressure have been set as 
being critical. Moore and Hall state 
that levels above 25 mm Hg represent 
adequate cerebral collateral, while 
Hays et al” suggest a higher level, 50 
mm Hg. 

The most reliable way to increase 
‘significantly cerebral blood flow dur- 
ing carotid clamping is the use of a 
temporary shunt. It presents no tech- 
nical hindrance when one becomes fa- 
miliar with it, and it does allow a 
deliberate and meticulous endarterec- 
tomy without haste. Using a shunt in 
399 operations for transient ischemia 
and asymptomatic bruits, I have had 
only one death (0.25%), four transient 
neurologic deficits (1%), and six per- 
manent deficits (1.5%), three mild and 
three severe. Most operation-related 
deficits at present stem from emboli- 
zation of ulcerated plaques during op- 
eration or from severe hypertension 
in the postoperative period. For these 
reasons I advocate the routine use of 
a temporary shunt during endarterec- 
tomy of all partially occlusive lesions. 

The long-term functional results 
following carotid endarterectomy 
have been quite satisfactory. Of 210 
survivors observed up to 18 years, 81% 
have had no further attacks, while an 
additional 15.7% have had fewer at- 
tacks of less severity. The incidence 
of postoperative strokes, including 
those related to operation and those 
occurring during long-term follow-up, 
both fatal and nonfatal, among sur- 
vivors as well as in the long-term 
death group is 5%. There has thus 
been a seven-fold reduction from the 
figure of 35% previously quoted, as 
that to be expected in untreated pa- 
tients with transient ischemia. End- 
arterectomy is, thus, effective in re- 
lieving symptoms and lowering the 
incidence of subsequent stroke. 

Endarterectomy is a very durable 
operation. Our studies and those of 
others have demonstrated that ar- 
teries reconstructed by endarterec- 
tomy remain patent for many years 
with an extremely low incidence of 
recurrent disease. We have had to 
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reoperate upon only five patients for 
cerebrovascular symptoms due to re- 
current stenosis at the site of previ- 
ous endarterectomy. 

While the long-term incidence of 
fatal and nonfatal strokes in tran- 
sient ischemia is markedly reduced 
following endarterectomy, no in- 
crease in the long-term survival rates 
of surgically treated patients when 
compared with controls can be dem- 
onstrated at the present time except 
in one small group of patients re- 
ported from the Joint Study (Bauer et 
al). As yet, there are too few pa- 
tients in the various groups, too many 
variable factors, and inadequate con- 
trol data for accurate statistical 
comparison. Patients with cerebro- 
vascular insufficiency usually have 
generalized atherosclerosis. Hyper- 
tension and coronary artery disease, 
especially when associated with pre- 
vious myocardial infarction, are the 
limiting factors in prognosis and 
have a great deal of relevance in the 
selection of patients for operation. 
Follow-up studies after carotid end- 
arterectomy have shown that more 
than half the long-term deaths are 
due to heart disease while the death 
rate from stroke is very low. In cere- 
brovascular insufficiency, morbidity is 
almost as important as mortality, and 
it should be emphasized that quality 
of survival without a stroke is a very 
worthwhile and justifiable consid- 
eration in these elderly patients. 


Asymptomatic Bruits 


The most controversial area in this 
field concerns the advisability of per- 
forming arteriography and surgery 


on patients with asymptomatic ca- 


rotid bruits. In one study 90% of mid- 
carotid bruits were found to arise 
from internal carotid plaques, the 
rest coming from external carotid 
plaques or other uncommon lesions.’ 
The correlation of audible bruits with 
stenotic plaques in patients with 
overt cerebrovascular insufficiency is 
quite high, and when present a bruit 
usually constitutes a significant find- 
ing in such patients. The contro- 
versy arises as to the significance of 
the bruit in the absence of cerebral 
symptoms. 

It does not appear unreasonable to 


ia 
- 


consider the asymptomatic carotid 
bruit as part of the total picture of 
cerebrovascular insufficiency rather 
than an isolated finding on physical 
examination. The natural history of 
ischemic thrombotic stroke due to ex- 
tracranial lesions must begin some- 
where. It may begin as a plaque at 
the common carotid bifurcation and 
its first physical manifestation be an 
asymptomatic bruit. With time the 
asymptomatic lesion becomes symp- 
tomatic from ulceration and emboli- 
zation or from impairment of cerebral 
blood flow. Hopefully, the first symp- 
tom is a transient ischemic attack, 
when therapy can be initiated. At 
times, however, the first symptom is 
hemiplegia, especially if a stenotic ca- 
rotid undergoes acute total occlusion. 
This sequence of events is seen re- 
peatedly in retrospective studies of 
patients with completed strokes. 
Many other factors enter in to com- 
plicate this simplistic scheme, includ- 
ing multiple lesions both extracranial 
and intracranial, anatomical config- 
urations of cerebral collateral path- 
ways, rate of progression of ath- 
erosclerosis in the individual patient, 
hypertension, and diabetes. The 
length of time during which bruits 
have been audible is also important. 

An important study relating to this 
matter is that of Javid et al, who 
studied the natural history of carotid 
atheromas on serial arteriograms 
over a period of one to nine years. 
They noted no change in size of the 
atheromas in 38% of the lesions stud- 
ied, but found a significant increase 
in 62%. The increase was greater than 
25% per year in 34% of lesions, was 
less than 25% per year in 20%, while 
recurrent stenosis or thrombosis oc- 
curred in 7.4%. 

We have undertaken to study this 
problem by observing a group of 92 
patients with asymptomatic carotid 
bruits who were not operated upon 
when the bruit was first detected. 
During a ten-year period 51 (55%) of 
the patients have remained asympto- 
matic. In 24 (26%) transient cerebral 
ischemia has developed. Seventeen 
(19%) of the patients had frank 
strokes, usually without transient is- 
chemic attacks, from two days to six 
years following detection of the bruit. 
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Thus, in 41 (45%) of these patients, 
transient ischemia or frank strokes 
developed during the follow-up pe- 
riod. This study is a continumg one. 

For a comparat-ve surgical series 
we have observed 65 patients who had 
98 elective eperat-ons for asympto- 
matic bruits. General anesthesia was 
used together with aittemporery shunt 
for cerebral protectien. There was no 
operative mortality. Two patients 
had operation-related defieits, one 
transient and one 29e™manent. During 
long-term follew-ap no patient has 
died of stroke, one patient had a mild 
stroke with full recovery, and a sec- 
ond had a severe s-roke from a siphon 
lesion one year after operation and 
has a residual deficit. 

Asymptomatic carotid bruits repre- 
sent potential stroke hazards in cer- 
tain individuals. The hazard depends 
entirely upon the lesion giving rise to 
the bruit and the status of all vessels 
supplying the brain, botk primary 
and collateral. Fruits coming from 
atheroseleretie plaques involving the 
internal carotid probably become 
symptomatic in most cases if followed 
long enough, three years or more. 

In the final analysis, arteriography 
is the definitive diagnostic maneuver 
necessary to esteblish the cause of a 
carotid bruit and te determine its sig- 
nificance as a stroke hazard. As cere- 
bral arteriography has become increas- 
ingly safer it-shcuid be recommended 
more often for studying patients with 
asymptomatic carotid bruits of grade 
2 intensity or greater, especially if 
these occur bilaverally. Each patient 
must be considered individually and 
rules for operating in this group can- 
not be made. [he overall general 
status of each patient should be con- 
sidered very carefully before recom- 
mending arteriography. It should not 
be done if some contraindication to 
endarterectomy already exists, or if 
multiple msk factars are present, such 
as generalized atherosclerosis or se- 
vere hypertension assodated with 
heart disease in patients over the age 
of 60. 

If the arteriograms shew a signifi- 
cant stenosis in the internal carotid 
artery, endarterectomy may be cau- 
tiously considered. Specific indica- 
tions may include bilateral stenoses, 


Arch Surg’ Vol 1€7. Nov 1973 


7 _ n 
a, a rr L o 
« ve ` ù ` i Ve í 
. al. 4 4 r >. E7. < vis 
k Y 


unilateral stenosis with contralateral 
occlusion, stenosis in the artery to 
the dominant hemisphere, known pro- 
gressive atherosclerotic lesions else- 
where in the peripheral vasculature 
(especially in younger patients), and 
contemplated major surgery of an- 
other sort where a hypotensive epi- 
sode might well result in a stroke. 
Although the last indication is fre- 
quently quoted in the literature, there 
are little actual data to support this 
statement, which is based more on 
impressions than facts.** 

Since no unnecessary risks should be 
taken, appropriate measures for cere- 
bral protection must be employed 
during carotid endarterectomy to 
avoid producing neurologic deficits.” 
Operative mortality should be below 
1% and complications no more than 
2%. 

I have related some of the develop- 
ments in the field of cerebrovascular 
insufficiency during the last two dec- 
ades. What are some of the unsolved 
problems? In the first place, further 


studies of natural history are ur- 


gently needed, especially with regard 
to the asymptomatic bruit. We need 
simpler and more accurate methods to 
determine total, regional and collat- 
eral blood flow. We need more accu- 
rate methods of defining the blood- 
brain barrier to determine whether 
an area is ischemic or infarcted and, 
thus, define more precisely the poten- 
tial reversibility of neurologic deficits 
by restoring or increasing cerebral 
blood flow. Finally, there are the ex- 
citing technical developments relat- 
ing to cervical-cranial bypass, with 
intracranial anastomoses using the 
operating microscope. While these 
techniques are now available and 
have been employed successfully in a 
number of clinical cases, indications 
for their use must be carefully de- 
fined. 

I am well aware of the fact that in 
many communities in the United 
States patients with cerebrovascular 
insufficiency syndromes are not re- 
ferred for surgical consideration. The 


results seen or read by some referring © 


physicians have apparently not been 
sufficiently impressive to make them 
believers in the benefits of carotid 
surgery. I think further dissemi- 








nation of information is in order. It ~ 


can be shown that with careful and 
proper selection of patients for oper- 
ation, avoidance of operation on pa- 
tients with acute profound and pro- 
gressing strokes, and with meticulous 
attention to technical details, carotid 
endarterectomy can be performed 
safely with an operative mortality 
approaching 1% and with operation- 
related deficits in the range of 2%. 
In closing, I would like to take this 
opportunity to thank you for allowing 
me to be your President during this 
year. It has been a very real privilege 
and a signal honor. I am deeply grate- 
ful and I appreciate your confidence. 
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Treatment of Congenital Aortic Stenosis 


An Evaluation of the Late Results of Aortic Valvotomy 
David M. Conkle MD; Michael Jones, MD; Andrew G. Morrow, MD, Bethesda, Md 


Thirty-eight pabents with congenital val- 
vular aortic stencsis, ages 1 to 21 years, un- 
derwent aortic valvotormy between 1957 and 
1967. The conditons >f 37 patients have 
been evaluated sostæperatively, and the 
mean duration e* folbw-up is ten years. 
There were no aperatiwe deaths, but there 
was one late deat» actr butable to heart dis- 
ease. Relief of symptoms has been grat- 
ifying, and 90% e- the satients are asympto- 
matic currently Twenty patients have 
murmurs of eortic regurgitation, and three 
of these patients havesrequired aortic valve 
replacement. Pestoee-ative hemodynamic 
assessments have shown that valvotomy re- 
duced the valvular grailient in each patient. 
Thus, long-term relief əf congenital valvular 
aortic stenosis may be affected by valvotomy 
with minimal operative and postoperative 
risk. 


ongenital acrfic stenosis com- 
prises 3% to 5% of all congenital 


heart disease"? Velvular obstruction’ 


is the most frequart form of congeni- 
tal left ventricu.a> outflow obstruc- 
tion, being observed in over 50% of 
the children whc mitially have find- 
ings of aortic stenesis.** The malfor- 
mation is usually discovered during 
the first five years ef life when a mur- 
mtr of aortic stencis is detected, and 
during ensuing yerrs many children 
wil begin to experience symptoms of 
deereased cardiac reserve. If he- 
moedynamic evalaetion demonstrates 
that obstruction et the valve is se- 
vere, aortic xal7æomy can be per- 
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formed to alleviate the obstruction. 
This report summarizes the preopera- 
tive and postoperative clinical and he- 
modynamic data in a group of 38 
young patients in whom aortic valvot- 
omy was performed and who have 
been observed at least five years and 
for an average of ten years postoper- 
atively. 


Preoperative Data 


Thirty-eight patients with congeni- 
tal aortic stenosis underwent aortic 
valvotomy with the aid of cardio- 
pulmonary bypass at the National 
Heart and Lung Institute between 
1957 and 1967. Thirty of the patients 
were males, 8 were females. Their 
ages ranged from 1 to 21 years, and 
the average age at the time of oper- 
ation was 12.5 years. 

The preoperative symptoms de- 
scribed by the patients were fatigue 
(19 patients), dyspnea on exertion (18 
patients), syncope (10 patients), an- 
gina pectoris (9 patients) and pre- 
syncope (6 patients). Eight patients 
were asymptomatic. Determination of 
functional classification in accordance 
with the New York Heart Associa- 
tion’s (NYHA) criteria revealed 11 
patients to be in class I, 20 patients in 
class TI, 6 patients in class III, and 1 
patient in class IV. Physical examina- 
tion findings revealed all patients to 
have a basal ejection murmur of aor- 
tic stenosis with an associated sys- 
tolic thrill. The murmur was detected 
before age 5 in 34 of the patients. Six 
patients also had a blowing diastolic 
murmur characteristic of aortic insuf- 
ficiency. All patients had normal 
sinus rhythm. Thirty-three patients 
had voltage criteria indicative of left 
ventricular hypertrophy, and 15 of 


these patients had an associated 
strain pattern. Chest x-ray films dem- 
onstrated left ventricular enlarge- 
ment in 19 patients and poststenotic 
dilation of the ascending aorta in 17 
patients. 

Preoperative cardiac catheter- 
ization was performed in all 38 pa- 
tients. The average peak systolic aor- 
tic valve gradient at rest was 91 mm 
Hg, the range being 30 to 180 mm Hg. 
The average left ventricular systolic 
pressure was 194 mm Hg (range, 120 
to 300 mm Hg). The left ventricular 
end-diastolic pressures averaged 12 
mm Hg, but in 16 patients the pres- 
sure was abnormally elevated (> 12 
mm Hg). The mean cardiac index was 
4.2 liters/min/sq m (range, 2.3 to 7.3 
liters/min/sq m), and the aortic valve 
area index (calculated in 27 patients) 
was 0.54 sq em/sq m. 


Operative Methods and Findings 


Each operation was performed with car- 
diopulmonary bypass and mild hypother- 
mia (30 C). Venous drainage was usually 
obtained with a single right atrial cannula; 
arterial return was to the femoral artery. 
The aortotomy was made in an oblique 
fashion, and coronary perfusion was em- 
ployed. 

The most common anatomic abnormality 
found at operation was a bicuspid valve (23 
patients). Valves of this type consisted of 
two cusps of equal size with the commis- 
sures oriented anteriorly-posteriorly. The 
left cusp usually had a rudimentary raphe, 
the suspension of which was in a lower 
plane than that of the two true commis- 
sures. The anterior commissure was usu- 
ally fused, thus resulting in an eccentric 
stenotic orifice; this commissure fusion was 
divided at valvotomy, but the rudimentary 
raphe was not incised since division of this 
raphe has been shown to result in aortic re- 
gurgitation due to improper suspension of 
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Fig 1.—Peak systolic pressure gradients between the left ventricle 
and a systemic artery preoperatively and postoperatively in 32 pa- 
tients with congenital valvular aortic stenosis. 


the resulting two leaflets.’ Stenotic tri- 
cuspid valves were found in 14 patients. 
These valves differed from the bicuspid 
valves in that all three cusps were of sim- 
ilar size and suspended in the same plane.’ 
The fused commissures were incised in 
each case. One patient was found to have a 
unicommissural valve consisting of a 
single diaphragm-like cusp with an ec- 
centrically placed orifice.® 


Results of Operation 


Current clinical data are available 
concerning 37 of the 38 patients oper- 
ated upon. The average duration of 
postoperative observation has been 
ten years, the range being 5 to 14 
years. There were no operative 
deaths. There have been two late 
deaths: one patient died five years af- 
ter operation with severe congestive 
heart failure, aortic regurgitation, 
and acute myocardial infarction; the 
other patient died following an auto 
accident seven years after the oper- 
ation, and at the time of his death he 
was free of symptoms. 

Postoperatively, all patients de- 
scribed symptomatic improvement, 
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(27mm Hg) 


aortic stenosis. 


and 29 were free of all symptoms at 
the time of most recent examination. 
Three patients describe persistent fa- 
tigue, two experience dyspnea with 
exertion, and one patient has angina 
pectoris with exertion. One patient 
has had a single syncopal episode af- 
ter operation. 

An improvement in functional 
classification (NYHA) has also been 
observed following valvotomy: 31 pa- 
tients are in either class I or II, while 
one patient is in class III. 

A basal murmur typical of aortic 
stenosis has persisted in all patients, 
and 19 patients have a systolic thrill 
over the aortic area. Twenty patients 
have murmurs of aortic regurgita- 
tion, and four of these patients have a 
widened pulse pressure (>60 mm 
Hg). Four patients have had subacute 
bacterial endocarditis, but, in all, the 
infection resolved with antibiotic 
therapy. Three of the patients who 
had endocarditis have remained 
asymptomatic, but the fourth re- 
quired aortic valve replacement be- 
cause of progressive aortic regurgita- 


AORTIC VALVE 1.2 
AREA ; 


(cm2) 





Fig 2.—Calculated aortic valve orifice areas determined preopera- 
tively and postoperatively in ten patients with congenital valvular 


tion nine years after valvotomy and 
one year following the attack of endo- 
carditis. Two other patients have had 
aortic valve replacement for progres- 
sive aortic regurgitation, 11 and 15 
years after valvotomy. Currently, all 
three of the patients who had valve 
replacement are asymptomatic. 

The electrocardiogram has re- 
mained abnormal after operation in 
22 patients (28 patients eligible), with 
the patterns of left ventricular hyper- 
trophy and left ventricular hyper- 
trophy with strain being observed. 
Fourteen patients have demonstrated 
a decrease in left ventricular voltage, 
four have shown an increase in left 
ventricular voltage, and ten patients 
have shown no change. Postoperative 
x-ray films have continued to demon- 
strate left ventricular enlargement in 
the majority of patients. 

Postoperative hemodynamic data 
have been obtained for 32 of the 38 
patients. Left ventricular catheter- 
izations were carried out from six 
months to eight years after valvot- 
omy, the majority of studies being 
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carried out betw2er six months and 
one year. The peek systolic pressure 
gradient acress the aortic valve was 
decreased in every patient, and the 
average postoperat-ve value was 27 
mm Hg (Fig 1; I patients had 
gradients of 20 mm Hg or less. Left 
ventricular enddiastolic pressures 
were recorded ore and postopera- 
tively in 32 patients. The mean post- 
operative value was 13 mm Hg with 
no significant chanze observed when 
compared te the mean preoperative 
value. The average zardiac index in 23 
patients postoperacively was 4.2 li- 
ters/min/sgq m, ideatieal to the mean 
cardiac index in these patients preop- 
eratively. The aortc valve area could 
be calculated botn dreoperatively and 
postoperatively n ten patients, and 
the values are shewn in Fig 2; the 
area increased in 2very patient, and 
the average areas oreoperatively and 
postoperatively were0.64 and 1.25 sq 
cm, respectively 


Cconament 


This review has demonstrated that 
aortic valvetomy performed with the 
aid of cardiopaimonary bypass is a 


1. Nadas AS, Fyler DC: Pediatric Car- 
diology, ed 3. Phiaeelphia, WB Saunders 
Co, 1972. 

2 Keith JD, Rowe DR, Vlad P: Heart 
Disease in Infancy and Childhood. New 
York, MacMillar Oc, 1958. 

3. Morrow AG: Cengenital and acquired 
malformatiens of tle aortic valve and left 
ventricular outfcw tract, in Wooler GH, 


Dr. CONKLE: | emesorry that Dr. Morrow 
is not here this moraine to close, because, I 
think, except for om-cr two of these oper- 
ations, he has performed them all himself. 

I talked to him Ist evening, and he said 
that he feets, a= we have expressed in this 
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safe and effective means of treat- 
ment for congenital valvular aortic 
stenosis,and that operation decreases 
the symptomatology and late se- 
quelae of this congenital defect. No 
operative deaths or major operative 
complications were experienced with 
38 patients. The improvement in 
symptoms and in functional classifi- 
cation persists in the majority of the 
patients, 29 of whom are currently 
free of symptoms. There have been no 
sudden deaths during the postopera- 
tive follow-up period. This finding is 
encouraging in that Campbell’ and 
Braverman and Gibson,’ in describing 
the natural history of this disease, 
have stated that sudden death ac- 
counts for approximately one half of 
all deaths, and can occur in as many 
as 8% ef those patients with signifi- 
cant congenital aortic stenosis. One 
cardiac-related late death did occur 
five years after operation secondary 
to intractable cardiac failure. 
Postoperative hemodynamic stud- 
ies hawe demonstrated a reduction in 
the peak systolic gradient in all pa- 
tients, with the average decrease in 
pressure of 64 mm Hg. The aortic 
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Discussion 


paper, that at the present time aortic val- 
votomy in a young child is a very. good pal- 
liative operation, and has shown us that 
over an extended period of time most of 
these children remain asymptomatic, and 
that most of these children, as shown, have 


valve area was increased in all ten pa- 
tients in whom both preoperative and 
postoperative data were available. 
Left ventricular end-diastolic pres- 
sure and cardiac index were not influ- 
enced by valvotomy, but both values 
were usually normal before and after 
operation. Twenty patients have 
murmurs of aortic regurgitation fol- 
lowing operation. This murmur was a 
new finding in 14 patients, and must 
be attributed to the operation. Eigh- 
teen of these 20 patients are cur- 
rently in functional class I; two are in 
class II. Four patients have had sub- 
acute bacterial endocarditis during 
the late postoperative period; endo- 
carditis has not been observed in 
those 17 patients who do not have 
murmurs of aortic insufficiency. The 
three patients who have had pros- 
thetic valve replacement had postop- 
erative aortic regurgitation; however, 
each patient did receive a substantial 
period of palliation, with the average 
interval between the valvotomy and 
the prosthetic replacement being 12 
years. 
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had a reduced gradient and also an in- 
crease in their valve area. 

It also should be pointed out that none of 
these children, obviously, have experienced 
sudden death postoperatively. 
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Reconstructive Surgery 
Distal to the Popliteal Trifurcation 


Effect on the History of Arterial Occlusive Disease 





Gary G. Nicholas, MD; Clyde F. Barker, MD; ‘Henry D. Berkowitz, MD; Brooke Roberts, MD, Philadelphia 


To assess the benefits of femorotibial or 
femoroperoneal bypass grafts in severely is- 
chemic limbs, the results of 44 such proce- 
dures were compared with results in 41 legs 
which were not operated upon. The control 
group, with a similar degree of ischemia, 
studied retrospectively, had femoropopliteal 
occlusive disease with angiographic evi- 
dence of reconstitution of at least one major 
branch of the popliteal artery, thus satis- 
fying our present criteria for bypass surgery. 
Of 44 grafts observed for 30 days to 8 years, 
15, have failed, 11 of these in the first 
_ month. After one year, 79.6% of patients 
having bypasses had avoided amputation as 
compared with only 34.1% in control group. 
Thus, it does not seem that the fear either of 
late graft occlusion or of progression of arte- 
riosclerosis justifies refusal of operative re- 
construction to these patients. 


|B gehen the demonstration that 
reconstructive vascular surgery 
distal to the popliteal artery is ca- 
pable of some strikingly good early 
results,’ not all surgeons feel that 
such procedures will alter the even- 
tual outcome of limb threatening ar- 
terial disease. In fact there is not 
universal agreement that even fem- 
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oropopliteal bypass is justified in se- 
verely symptomatic patients in whom 
it is technically feasible. Despite 
the general acceptance of this oper- 
ative approach,‘ Stoney et al re- 
ported that only 26% of patients hav- 
ing femoropopliteal bypasses for limb 
salvage were living with patent 
grafts and viable, pain-free extremi- 
ties one year later. Conceivably these 
results are no better than those ob- 
tainable by sympathectomy or non- 
operative treatment. Since bypasses 
distal tc the popliteal are conceded to 
have less chance of success,’ it seemed 
worthwhile to examine our own re- 
sults with femorotibial or femoro- 
peroneal bypass grafts. If progres- 
sion of arteriosclerosis in the distal 
arterial tree, or in the grafts, even- 
tually leads to graft occlusion and 
amputation, arterial surgery would 
increase morbidity and expense and 
therefore be of questionable value. To 
assess the results of the operative ap- 
proach in patients with limb threat- 
ening arteriosclerotic disease, it is 
necessary to compare them with the 
results of nonoperative treatment. 
Such a control group is usually 
omitted from surgical reports, appar- 
ently because it is assumed that 100% 
of patients with “threatened” limbs 
treated nonoperatively will require 
prompt amputation. This is, of course, 
inaccurate since the ischemic state re- 
mains stable in some patients and 
through the development of collater- 
als, may even improve. 


To determine the influence of distal 
bypass surgery on the natural history 
of arteriosclerosis obliterans, the 
courses of 81 patients with 85 se- 
verely ischemic legs were reviewed. 
All of these patients had femoro- 
popliteal occlusive disease with pa- 
tency of a tibial or peroneal artery. 
Approximately half of the patients 
were treated operatively and half non- 
operatively. Ideally the operative and 
control series should have been ran- 
domized. Since we did not feel justi- 
fied in withholding operation from 
patients in whom we felt it might be 
limb-saving, the nonoperated control 
series was obtained by study of 
records and roentgenograms of pa- 
tients seen just prior to the first at- 
tempts at femorotibial bypass sur- 
gery in our institution. 


Material and Methods 


The hospital records and arteriograms 
of 81 patients were reviewed. In every 
case, arteriography was done because the 
patient was believed threatened with lower 
extremity amputation as a result of fem- 
oropopliteal occlusive arterial disease 
manifested by rest pain, ischemic ulcera- 
tion, or localized frank gangrene of the 
toes. All but one patient had a femoral 
pulse judged to indicate adequate inflow 
for a bypass graft, and all enjoyed general 
health good enough to tolerate major sur- 
gery and to utilize a salvaged limb. All ar- 
teriograms demonstrated occlusive disease 
of the femoral and/or popliteal arteries 
with patency of the anterior tibial, poste- 
rior tibial, or peroneal arteries or some 
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combination of th==. In some cases a short 
segment of disea. ed proximal popliteal ar- 
tery was patent wth distal occlusion. In all 
patients, the opemetive treatment of choice 
by our present erteria would have been an 
autogenous vein =ypass from the femoral 
artery to a tibial =x pereneal artery. 

Operative Decimque.—The femoral ar- 
tery is usually e~pesed tarough an oblique 
incision in the gecin crease, the lymphatic 
tissue of the femmra! triangle being reflec- 
ted medially rat- than divided in order 
to decrease the Maidence of lymph collec- 
tions and postoperative edema. The poste- 
rior tibial artery 5 approached from the 
medial side of th- bwar leg by incising the 
fascia of the dees exor compartment, re- 
tracting the ge=strornemius posteriorly, 
and reflecting ta= seleus from the tibia. 
The posteriortik= artery is found in this 
plane just supe-feial to the flexor digi- 
torum communis Appreximately 3 cm of 
the vessel is mobilized and during the 
anastomosis it = centvolled with either 
vascular clamps <2 moistened heavy chro- 
mic catgut sutur=. The anterior tibial ar- 
tery is exposed threugh an incision over 
the anterior commartment which is carried 
down in the elef »etween the anterior ti- 
bial and the ext-asor hallicus longus mus- 
cles. The peron=a artery is usually ap- 
proached threuga = lateral incision into the 
same plane as tt ased to approach the 
posterior tibial essel. 

Multiple small incisions are used to 
mobilize the saprenous vein. It is divided 
and cannulated « staily compressed proxi- 
mally, and distemec with heparinized sa- 
line solution. Waen watertight, the distal 
end is brought -p to the femoral artery 
and the proxima! anastomosis performed 
using 5-0 suture The saphenous vein is al- 
lowed to act as an arteriovenous fistula in 
order to check fər adequate hemostasis. It 
is then dividec at the saphenofemoral 
junction and the proximal end brought 
down and anastemosed to the distal artery. 

The vein is passed through the Hunter 
canal and the pesiteal space to reach the 
posterior tibial »ssels. This route is also 
used for the per»æa! grafts but the grafts 
to the anterior t xal have been placed in a 
subeutaneous pescion with the distal por- 
tion of the grat being taken around the 
fibula laterally. Dn eccasion the graft has 
been placed sulx»taneeusly down the lat- 
eral thigh and =¢ for anastomosis to the 
peroneal. This se=med to work equally well 
and facilitates [=Ination of the pulse to de- 
termine patenc= The subcutaneous posi- 
tion also decre@sed the amount of dis- 
section required to place the vein. The 
distal anastome=:ss has been performed 
with 7-0 synthe suture with use of loupe 
magnification >= 242) when necessary. 
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Systemic heparinization has been em- 
ployed during vascular occlusion. 

One hundred percent of the patients op- 
erated upon have been observed to the 
time of preparation of the manuscript—a 
postoperative interval of 30 days to eight 
years. Success of the operative procedure 
was judged in a few instances by arterio- 
graphic evidence of graft patency, but usu- 
ally by palpation of a pulse in the graft or 
in an artery at the level of the ankle. In 
some cases definite improvement in color, 
or skin temperature (as measured by 
thermoceuple in a constant temperature 
room), healing of ischemic lesions, or dis- 
appearance of rest pain were accepted as 
indirect evidence of success. Patients not 
strikingly improved with regard to these 
criteria were, however, classified as fail- 
ures and considered to have occluded 
grafts. 

Nonoperative Series.—An ideal control 
series for comparison with patients 
treated operatively would be a group meet- 
ing the criteria for operation but denied 
this treatment on the basis of a random- 
ized pretocol. Since we hoped that oper- 
ation would save some legs otherwise 
doomed to amputation we did not feel jus- 
tified in depriving some patients of the 
possible benefits of surgery. To use pa- 
tients who are currently not operated upon 
despite arteriographic criteria placing 
them in this study group would also be un- 
satisfactory since these patients differ in 
some way from those undergoing oper- 
ation in that they usually have either 
fewer symptoms or more extensive is- 
chemic changes. By reviewing 264 records 
of patients seen by us from 1960 to 1965, 
the era just proceeding the first femorotib- 
ial bypass procedures at our institution, we 
were able to identify 40 who satisfied all of 
our current criteria for bypass surgery to 
branches of the popliteal in 41 ischemic 
limbs. These patients were all threatened 
with loss of limb but had potentially sal- 
vageabie legs. Review of their arterio- 
grams convinced us that by today’s stan- 
dards they would have been urged to un- 
dergo bypass surgery. These patients were 
observed until the date of death, amputa- 
tion, or for at least one year after their ar- 
teriograms. 


Results 


Tabie 1 summarizes the results of 
operative and nonoperative treat- 
ment. Comparison of the two groups 
indicated that they were similar with 
regard to age (68.0 years vs 66.6 
years): incidence of diabetes (36.5% vs 
32.5%); and known associated coro- 
nary artery disease or hypertension 





(58.5% vs 57.1%). Their presenting ° 
complaints and degree of apparent is- 
chemic involvement were also compa- 
rable, with 16 limbs treated oper- 


atively having localized frank 
gangrene vs 16 in the control group; 
15 operative limbs having ischemic ul- 
cers vs 15; 13 operative limbs causing 
rest pain despite intact skin vs 10 in 
the control series. 

Arteriographic Findings.—All is- 
chemic limbs had completely occluded 
superficial femoral and/or popliteal 
arteries. In some, an isolated segment 
of diseased popliteal was patent with 
occlusion distally. In all, there was re- 
constitution of one or more of the 
three major branches of the popliteal. 
In the operative series one such 
branch was patent in 31 (70.5%) limbs, 
two vessels were patent in nine 
(20.5%) limbs, and three vessels in 4 
(9%) limbs. In the control series the 
comparable percentages were 73.1%, 
19.5%, and 7.31%. 

Operations.—F orty-four limbs were 
operated upon. In 29 the common 
femoral artery was the site of proxi- 
mal anastomosis, in nine the super- 
ficial femoral, in one the external 
iliac, in one the popliteal, and in four 
a previously performed functioning 
femoropopliteal autogenous vein 
graft. In 40 procedures the graft con- 
sisted of autogenous saphenous vein 
and in two limbs autogenous cephalic 
veins were used. One patient, lacking 
autogenous veins of sufficient length, 
had a composite graft of knitted Dac- 
ron proximal to the knee joint and 
saphenous vein distally. In a similar 
situation another patient had the 
proximal segment of the graft fash- 
ioned from a Sparks mandril graft. 
The site of distal anastomosis was the 
anterior tibial artery in 20 limbs, the 
posterior tibial in 11, and the peroneal 
in 13. 

Mortality and Morbidity.—The oper- 
ative mortality (less than 30 days) 
was 9.8% as compared to 16.7% 30-day 
mortality in the control group. Most 
deaths in both groups followed ampu- 
tation and only one patient died after 
successful arterial reconstruction 
(2.4%). Mortality at one year was 
slightly less in the reconstructive sur- 
gery group (17.1% vs 24.0%). 

Duration of hospital stay was taken 


Reconstructive Surgery/Nicholas et al 653 


suits 


IR- eee 5 
FEF NR Aa 


POA 


had an arteriogram that showed a 
stenotic area in the midportion of the 
graft. This was corrected with a vein 
patch, after which the patient became 


Table 1.—Comparative Data for Bypass and Control Patient Groups 


Control (No. 


Bypass Surgery Reconstructive Surgery) 


No. of patients 

No. of limbs involved 

Age (mean) 

Incidence of diabetes 

Associated heart disease or hypertension 
Localized gangrene 

Ischemic ulceration 

Rest pain with intact skin 

One-vessel runoff 

Two-vessel runoff 

Three-vessel runoff 

Percentage amputation at one month 
Percentage amputation at one year 
Mortality at 30 days 

Mortality at one year 


Duration of hospital stay 
(<30 days) 


(>60 days) 





41 
44 
68.0 yr 
36.5% 
58.5% 


40 
41 
66.6 yr 
32.5% 
57.1% 


37.4% 
37.4% 
25.2% 
73.2% 
19.5% 

7.3% 
43.9% 
65.9% 
16.7% 
24.0% 


40.0% 
32.0% 


Table 2.—Analysis of Patency of Bypass Grafts Distal to 
the Popliteal Trifurcation 


Result 
Months Grafts 


at Risk at Risk 
0-1 44 
2-12 31 

13-24 17 

25-60 12 


Patent 


Occluded 


Accumulative 
Patency Rate, 
% 


Interval 
Patency Rate, 
% 





Table 3.—Patency Rate at One Year vs Sit2 of Distal Anastomosis 


Distal Anastomosis 


_ Anterior tibial 
Peroneal 
Posterior tibial 


as a rough index of morbidity and 
was less than 30 days in 68.3% of pa- 
tients in the operated group and 
greater than 60 days in 14.6%. Com- 
parable figures in the control group 
were 40.0% and 32.0%. 
Amputation.—That the patients in 
the control group had severe ischemia 
is evident by the finding that 65.9% of 
them had their legs amputated within 
one year. By contrast, only 20.4% of 
the operative group lost their legs 
within one year. Unsuccessful bypass 
surgery appeared to hasten amputa- 
tion as demonstrated by the fact that 
all of the limb loss in the operated 
group occurred in the first month 
postoperatively. Of 11 limbs under- 
going graft failure in the first month, 
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No. Patent/No. Performed 


°% Patent 
15/20 75 
9/13 69 





nine required amputation. 

Patency.—The life table analysis of 
patients undergoing reconstructive 
surgery is presented in Table 2. After 
11 failures occurring within the first 
30 days there were only four addi- 
tional failures in the total experience. 
For each of the intervals studied, 2 to 
12, 13 to 24, and 25 to 60 months, the 
graft attrition was only 6% to 8%. 

The graft patency after one year 
for each individual distal vessel is 
shown in Table 3, and is similar for 
each. 

All but one patient considered to 
have a patent graft remained pain- 
free with a functional limb postopera- 
tively. This patient developed claudi- 
cation 24 months postoperatively and 


asymptomatic. 
Comment 


It has been suggested that arterial 
reconstructive maneuvers at the level 
of the femoral artery and distal to it, 
though capable of good early results, 
especially in patients with minimal 
disease, does not alter the eventual 
outcome of limb-threatening femoral 
occlusive disease. Late graft occlusion 
or progression (possibly even acceler- 
ation) of distal arteriosclerotic 
changes could eventually lead to am- 
putation or death and unjustified cost 
and suffering to the patient. In pa- 
tients with severe arterial disease 
(stage II or III in Morton’s’ classifica- 
tion) with limb jeopardy, Stoney et al’ 
salvaged only 26% of limbs for as long 
as one year. These findings have led 
Wylie? to advise early amputation for 
some patients in whom reconstruc- 
tion would be feasible with the 
thought that this may provide more 
rapid rehabilitation. There is cer- 
tainly some justification for these ar- 
guments. The natural history of arte- 
riosclerotic disease is toward 
progressive involvement as docu- 
mented by Strandness and Stahler.® 
Although most studies have concen- 
trated on those patients having clau- 
dication as their only symptom, even 
they face a 12% chance of amputation 
in five years.’ Coran and Warren’ 
have called attention to the greater 
likelihood of progression of arterio- 
sclerosis proximal to an area of occlu- 
sion and it could be inferred that 
areas of lower pressure distal to a 
block are protected and, as suggested 
by Humphries et al,'° reconstructive 
surgery in removing this “protection” 
could accelerate arterioselerotic 
changes. Because autogenous veins 
are themselves subject to chronic pro- 
gressive disease when placed in the 
arterial tree, some late failures of 
initially functioning grafts are prob- 
ably inevitable. 

Since the life expectancy of a pa- 
tient with arteriosclerosis is ten years 
less than that of a person without evi- 
dence of involvement, it is worth 
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Table 4—Patency Rate of Bypass Grafts at One Year* 


Authers 
Tyson andiRei-=hie” 
Bernhard at al* 
Baird et al” 

Dale’ 
Garrett et al' 
Noon et af 


* Grafts distal zo thegopliteal trifurcation. 


considering hew mach of an elderly 
patient’s remsining time should be 
invested inuneergang an arterial re- 
construction which even if initially 
suceessful, may fai later, leading to 
eventual amprtaticon. However, a 70- 
year-old man has a 73.9% chance of 
attaining the age-o 75** and in sucha 
patient it seems 2minently worth- 
while to attempt limb-salvaging sur- 
gery. This preved zə be so in one of 
our patienss who atge 104 had a fem- 
oroposterier tibiel zraft for localized 
gangrene of the fot and who is now 
walking om a zaim- ree leg at age 106. 
It is also pert neat that only 46.5% of 
all patients vith a major amputation 


1. Garret HE, & -E Distal tibial artery 
bypass with autogenous vein graft: An 
aa. of 5€ cases. Surgery 63:90-106, 


2. Reich FA, Tysa RR: Bypass to tib- 
ial or poplite.l arteries in severely is- 
chemic lower -xtremities. Ann Surg 176: 
315-320, 1972. 

3. Dale W® Grefting small arteries: 
Experience wi h 19 shunts below the knee. 
Arch Surg 86:22-28, 1963. 

4. Linton R3: Lera term results of fem- 
Sy tems &itogeseus vein grafts, in 
Dole WA (>d): Maxagement of Arterial Oc- 
clusive Dieas. Chrago, Year Book Pub- 
lishers Ine 1%1, pp 97-117. 

5. Stoney RJ, Jawes DR, Wylie EJ: Sur- 
gery for femo-opcpFteal atherosclerosis: A 
eg tas Arch Surg 103:548-553, 1971. 

6. Stramines CE-Jr, Stahler C: Arterio- 


Ropert Tyson, MD, Philadelphia: Our 
mortality was alse Higher in those patients 
in whom taere was . failure of bypass, and 
who underwe=t amputation. Our morbidity 
is extended ia thos patients who needed 
reconstruetiv- sutg=ry distally in the foot, 
ie, foot ampucatiens, toe amputations, fol- 


‘lowed by gra ting. 


I thmk most sigmficant is a group of pa- 
tients observed fv- to eight years. Of 20 
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No. Patent/No. Performed 


25/48 
31/41 
15/23 
12/19 
42/57 


56/95 
23/34 





are ever able to walk, with the likeli- 
hood of ambulation inversely related 
to age and the average age of walk- 
ing amputees 57.5 years.” 

It, therefore, seems of paramount 
importance to avoid amputation if at 
all possible. That only 20.4% of pa- 
tients in our study who had femo- 
rotibial or femoroperoneal bypass 
surgery came to amputation within a 
year as compared with 65.9% in the 
nonoperated patients strongly favors 
the operative approach. Graft pa- 
tency rates of other authors'*:'*""" are 
presented in Table 4, with rates vary- 
ing between 52% and 74% at one year 
as compared with our own of 68%. 
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Discussion 


who were open at operation, we have nine 
at the time of this follow-up that were alive, 
open, with a functional limb. Five died 
with their graft open; however, it was open 
and functional for at least five years. 

We see similar statistics for those pa- 
tients observed three to eight years. 

It was most interesting to note that af- 
ter six months of function we had only 
about an 84% failure rate. In comparing 
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These long-term results compare ` 


favorably with those reported in 
femoropopliteal bypasses,’ despite a 
higher incidence of early failure. This 
may substantiate Reichle and Ty- 
son’s’ finding that there is a lower in- 
cidence of delayed bypass occlusion 
when the site of distal anastomosis is 
below the popliteal artery. Despite 
discouraging reports such as Stoney 
et als? regarding salvage after 
femoropopliteal grafts in severely is- 
chemic limbs, we feel that the femo- 
ropopliteal and femorotibial surgery 
are worthwhile. Since failure of more 
distally placed grafts often has been 
swiftly followed by need for amputa- 
tion in our patients, we do not recom- 
mend these procedures for claudica- 
tion alone. Thus, we have excluded 
the most favorable patients from our 
operative series. In spite of this, our 
results to date lead us to the firm con- 
viction that femorotibial surgery of- 
fers a strong likelihood of salvaging 
ischemic limbs for a significant period 
of time. 
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femoropopliteal saphenous vein bypasses 
to femorotibial bypasses, taking into con- 
sideration all femoropopliteal, including 
prosthetics, we noted that the femoro- 
tibials are staying open longer and have a 
lower rate of closure than the femor- 
opopliteals. | 

I noticed that this came out in the report 
given today. I have no explanation for it, 
unless there is acceleration of disease near 
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the popliteal trifurcation which accounts 
for failure at a greater rate in femo- 
ropopliteal bypass. 

GARLAND D. PERDUE, JR., MD, Atlanta: 
We would like to support the conclusions of 
the author. It is frequently necessary to 
arrange some sort of composite to have a 
long enough tube to reach to the distal 
peroneal or tibial arteries. We have had 
experience with an endarterectomy com- 
bined with vein, and have also used a com- 
posite with a Dacron tube proximally and a 
vein distally. 

It is necessary that the arteriogram 
show filling of the pedal arch, we believe, 
in order to have good prospects for success 
with this type of procedure. 

To us, the important feature is that of 
those patients who avoided amputation for 
one year, significant palliation was 
achieved, and in our group more than 80% 
were able to retain their limbs for at least 
one year. 

Careful judgment, we believe, is re- 
quired in selecting patients for this oper- 
ation, but we do believe that it is a worth- 
while addition in an effort to salvage limbs. 

GEORGE ANDROS, MD, Burbank, Calif: 
We have been concerned with patients like 
this also, and I would merely add that, in 
our experience, about 10% of these people 
have occluded a popliteal aneurysm, and it 
is necessary in these patients to go dis- 
tally. 

Victor M. BERNHARD, MD, Milwaukee: I 
think this paper nicely demonstrates one 
more facet that supports the use of the tib- 
ial bypass. I shall simply add that I think 
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one of the reasons tibial bypasses work so 
well is the relatively high volume of flow 
which can be expected. Two years ago we 
reviewed our experience, comparing blood 
flow through femoral tibial and femoral 
popliteal grafts, before this society. This 
study has been continued and the results 
confirm our initial impression that flow 
through femoral tibial grafts is nearly 
equal to that through femoral popliteal by- 
passes. There is a slight difference, but it is 
not significant. Of further interest, the pa- 
tients with diabetes have flows which are 
approximately the same as patients with- 
out diabetes. This may be significant in 
view of the high incidence of diabetes in 
patients in whom we have performed fem- 
orotibial bypass. Our incidence of diabetes 
is 60% on the basis of glucose tolerance 
testing or determination of the two-hour 
postprandial blood glucose test. 

Dr. Roserts: I might say, paren- 
thetically, that Dr. Tyson’s work really 
stimulated us to act in this area, and our 
hats are off to his results. 

I think it’s a little early for us, even 
though our results are the same as his, to 
state that the long-term patency in these 
grafts is better than that of the femoral- 
popliteal graft. I don’t think we have 
enough cases to have statistic significance, 
and it’s a little hard for me to believe that 
the long-term results will hold up. But at 
least it looks as if they are encouraging. 

As far as composite grafts, which Dr. 
Perdue mentioned, we too have been 
forced to use these at times to achieve the 
necessary length. We have used two ce- 


phalic veins end to end. We have also used 
composite grafts from Dacron, with a vein 
graft at the lower end, and recently used 
the Sparks mandril type with a vein at the 
lower end, since the lower end of the graft 
wasn’t satisfactory. However, we prefer to 
use the saphenous vein itself, if suitable. 

As far as flows are concerned, we 
haven’t actually measured them, as Dr. 
Bernhard mentioned, but I’m not surprised 
at his results. I think the long-term results 
would indicate that the flows through these 
grafts are surprisingly good. His incidence 
of diabetes is higher than ours, but I think 
this is because he has looked for it more 
closely than we have. We have taken pa- 
tients known to be diabetic on arrival in 
the hospital as the criterion for whether 
they were diabetic. He has looked for dia- 
betes more closely, with routine two-hour 
postprandial glucose measurements. 

I would encourage you to consider this: 
the danger for a patient in undergeing an 
amputation is greater than that in under- 
going reconstructive surgery, and the mor- 
tality from our amputations is higher than 
the mortality from a reconstructive proce- 
dure. 

In addition, patients are infinitely better 
off if they have a viable limb that they can 
use; distal reconstructive grafting is some- 
thing that’s worthwhile, in our opinion, 
and we continue to feel that this is an oper- 
ation that should be done and has reason- 
ably good short-term and long-term re- 
sults. 
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PortakSystemic Encephalopathy 





in the Noncirrhotic Patient 


Effect of Portal-Systemic Shunting 


Arthur B. Veorl=es, Jr.. MD; Edmund Chaitman, MD; Sanford Schneider, MD; 
John F. Nicholsen. MB; Donald S. Kornfeld, MD; John B. Price, Jr., MD, New York 


A pilot multidi=eiplinec clinical and labora- 
tory study of 1® patients who had under- 
gone a portal-systemie shunt in childhood 
disclosed evidence of central nervous sys- 
tem impairment <> varying degrees 4 to 19 
years later. Eight of the patients had normal 
livers and ewght had abnormal livers (cir- 
rhosis) at the tāme of the shunting proce- 
dure. Those pæents with normal livers 
developed predorinantly emotional manifes- 
tations and thos= with abnormal livers pre- 
dominantly neur«icgical manifestations. The 
severity of the asnormalities in both groups 
seemed directly elated to the duration of ex- 
posure to the saunt and to the degree of 
liver insufficiency, if present. 

We felt that tae observed changes could 
not be explaimec an the basis of early envi- 
ronmental facto alone and that the portal- 
systemic shunt clayed a significant causa- 
tive role in the mermal liver group. 


tye the routine follow-up ex- 
aminatiens of children who have 
had suecessfu porta!-systemic shunt- 
ing procedure perfermed at the Co- 
lumbia-Presb-<erian Medieal Center 
over the last Æ years, it has become 
obvious that <n inordinate number of 
otherwise normal ehildren are en- 


countering disabling emotional ill- 
ness years after the initial surgery. 
The number seems to exceed what 
might be explained away on the basis 
of the emotional stress of their initial 
illness and the attendant therapy. In 
response to these observations, a mul- 
tifaceted pilot study was organized in 
an attempt to verify these impres- 
sions. 

The possibility that physiological 
factors caused by the bypassing pro- 
cedure might be creating these psy- 
chiatric problems was buttressed by a 
review of the literature going back to 
Hahn et al' in 1893 who described 
neurological and mental abnormal- 
ities in dogs with Eck fistulas after 
consumption of meat. Von Coulaert et 
al? reported similar abnormalities in 
patients with Laennec cirrhosis fol- 
lowing the administration of ammo- 
nium chloride. And again, McDermott 
and Adams? reported in 1954 the 
same emotional symptoms in a pa- 
tient after a surgically created por- 
tal-systemic venous shunt. 

Numerous studies of adult patients 
with cirrhosis of the liver who develop 
portal-systemic encephalopathy fol- 
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lowing portal-systemic shunting have 
been reported. Some give an inci- 
dence of 20% to 30%. Recently Rey- 
nolds et al‘ reported an incidence of 
50% in patients with side-to-side por- 
tal vein to vena cava shunts and 
Voorhees et alè reported an incidence 
of 57% in patients for more than five 
years following a successful portal- 
systemic shunt of any configuration. 
Victor et alë pointed out that two 
adult patients with normal livers de- 
veloped portal-systemic encephalop- 
athy following a surgical shunt. 

Most revealing of all was an obser- 
vation made by Kroll and Fog’ 
in Denmark in 1968 that postmortem 
examinations of patients in two men- 
tal institutions turned up naturally 
formed portal-systemic shunts in 13 
out of 15 patients suffering severe 
mental disorder. 

The effort of our present study was 
to see if a common factor was work- 
ing in the case of children afflicted 
with abnormal behavior following 
shunting procedures. The study was 
carried out over the last year by a 
team of two operating surgeons, two 
psychiatrists, a neurologist, a psychol- 
ogist, a neurophysiologist and a pe- 
diatric biochemist. All these disci- 
plines were coordinated to examine a 
patient on one day. Each child had 
had a successful portal-systemic 
shunt performed at least four years 
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before, about the time span it takes 
emotional problems to surface. The 
surgically created shunts were neces- 
sitated by a previous portal vein 
thrombosis or portal hypertension 
due to hepatic cirrhosis. 


Methods 


Patient Selection.—The study was de- 
signed to be as unselective as possible, yet 
to fall within certain limits of practicality, 
that is, the patient had to live within the 
New York metropolitan area. To qualify, 
he had to have a surgically created portal- 
systemic shunt and had to have a patent 
shunt based on acceptable clinical grounds. 
The shunt had to have been created prior 
to the age of 19 and at least four years 
prior to our investigation. All patients had 
to be willing to submit to an intense period 
of exhaustive study. 

No patient refused to participate and 
only two patients failed to complete the en- 
tire study. Of some 100 children under- 
going portal-systemic shunting at the Co- 
lumbia-Presbyterian Medical Center 
between the years 1943 and 1968, 15 qual- 
ified for our study. In addition, one patient 
who did not live in the metropolitan area 
was included because she was hospitalized 
in the psychiatric division at the time of 
the study. Thus, 16 participated. Of these, 
ten patients had mesocaval shunts and six 
had splenorenal shunts. — 

A study protocol was established in 
which the patient was subjected to a gen- 
eral clinical evaluation, a psychiatric ap- 
praisal, a neurological examination, and 
psychological testing. The examination 
was generally conducted over the course of 
a single day and the subject would move 
from one examiner to another without 
transfer of information. The collected data 
were collated at the conclusion of the pilot 
study of the 16 patients. 

General Examination.—A general physi- 
cal appraisal of each patient was under- 
taken in order to establish the relative 
status of liver function at the time the 
study was made and to rule out inter- 
current unrelated disease which might in- 
fluence the outcome of the evaluation. The 
histological findings of the previous liver 
biopsy were known and present liver func- 
tion was assessed by serum levels of albu- 
min, bilirubin, alkaline phosphatase, lactic 
dehydrogenase, and aspartic aminotrans- 
ferase. Serum ammonia levels were ob- 
tained during a fasting state and again 
following a standardized protein meal. 

Psychiatric Examination.—This consisted 
of a single 90-minute interview by a 
trained pediatric psychiatrist. If the pa- 
tient was below the age of 13 years, the in- 
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terview included one or both parents. The 
psychiatric diagnosis was based on the 
past history of the patient and the clinical 
interview. The nomenclature used was that 
recommended by the Diagnostic and Sta- 
tistical Manual of the American Psychiat- 
ric Association.* Since the evaluation was 
relatively brief, the examiner did not ap- 
pend a diagnosis unless there was clear-cut 
evidence to support it. 

Neurological Examination.—The neuro- 
logical evaluation embodied a standard 
clinical examination by a trained pediatric 
neurologist. His observations were corre- 
lated with an electroencephalogram, an 
electromyogram, and a nerve conduction 
study. A diagnosis of cerebral dysfunction 
was made if the patient had at least two 
of the following signs: intention tremor, 
dyssynergia, dysmetria, dysrhythmia, re- 
bound phenomena in the extremities, atax- 
ia of gait, titubation, or a speech dis- 
turbance. 

The diagnosis of peripheral neuropathy 
was mace on the basis of abnormalities in 
vibratory sensation, position sense, cuta- 
neous pain and light touch sensation. Ad- 
ditional diagnostic evidence was provided 
by abnormalities in the electromyographic 
and nerve conduction studies. 

Psychological Examination.—This phase 
of the testing was undertaken by a trained 
child psychologist. The Weschler Intelli- 
gence Scale for Children, the Bender-Ges- 
talt, and the Figure Drawing Tests were 
administered. Interpretations were based 
on the test scorings as they compared to 
accepted norms for each test. 

Modifying Conditions.—The full protocol 
was not undertaken in every study patient 
since exceptions were made in the protein 
loading test in patients manifesting sig- 
nificant liver insufficiency and when a pa- 
tient made a sporadic refusal to undergo a 
specific test. The latter was infrequent but 
generally involved the more profoundly 
emotionally disturbed patients. 

The study patients fell into two distinct 
groups. One had functionally and histologi- 
cally normal livers where portal hyperten- 
sion was due to a portal vein thrombosis. 
The other group had functionally and his- 
tologically abnormal livers where portal 
hypertension was due to cirrhosis. The fact 
that each group contained eight patients 
was fortuitous. Each patient had clinical 
evidence of a functioning, surgically 
created portal-systemic shunt for previ- 
ously existing portal hypertension. 


Results 


A summation of the test results in 
each patient is as follows and is sum- 
marized in the Figure. 


Normal Liver Group.—Patient 1, an 
11-year-old boy, had had portal vein 
thrombosis and a splenorenal shunt 
at age 6 years. Tests showed minimal 
cerebral dysfunetion, normal EEG, 
nonpsychotic organic brain syndrome, 
and normal psychological findings. 

Patient 2, a 21-year-old woman, 
had had portal vein thrombosis and a 
mesocaval shunt at age 14. Tests 
showed normal neurological findings, 
abnormal EEG, hysterical neurosis 
(conversation type), normal psycho- 
logical findings, and a history of hos- 
pitalization for mental disorder. 

Patient 3, a 26-year-old woman, 
had had portal vein thrombosis and a 
mesocaval shunt at age 15. Tests 
showed normal neurological findings, 
abnormal EEG, nonpsychotic organic 
brain syndrome, organic brain dis- 
ease, and a history of hospitalization 
for mental disorder. 

Patient 11, a 16-year-old boy, had 
had portal vein thrombosis and a meso- 
caval shunt at age 3. Tests showed 
moderate cerebral dysfunction, mod- 
erate peripheral neuropathy, abnor- 
mal EEG, nonpsychotic organic brain 
syndrome, and organic brain disease. 

Patient 12, a 17-year-old boy, had 
had portal vein thrombosis and a 
mesocaval shunt at age 6. Tests 
showed mild cerebral dysfunction, ab- 
normal EEG, undifferentiated schizo- 
phrenia on psychiatric test, and schiz- 
ophrenia on psychological test. 

Patient 13, a 21-year-old man, had 
had portal vein thrombosis and a 
mesocaval shunt at age 9. Tests 
showed mild peripheral neuropathy, 
abnormal EEG, undifferentiated 
schizophrenia, organic brain disease, 
and a history of hospitalization for 
mental disorder. 

Patient 14, a 25-year-old woman, had 
had portal vein thrombosis and a sple- 
norenal shunt at age 7. Tests showed 
cerebral dysfunction, mild peripheral 
neuropathy, normal EEG, undifferen- 
tiated schizophrenia on psychiatric 
test, schizophrenia on psychological 
test, and history of hospitalization for 
mental disorder. 

Patient 15, a 29-year-old woman, 
had had portal vein thrombosis and a 
mesocaval shunt at age 16. Tests 
showed minimal cerebral dysfunction, 
mild peripheral neuropathy, abnor- 
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mal EEG, neunsis (depressive type), 
normal psychoogicel findings, and 
history of hosptalization for mental 
disorders. 

Abnermal Lier G-oup.—Patient 4, 
an 8-year-ol@ g ri with cirrhosis, had 
had a mesoc.va shumt at age 3. Tests 
showed norraal meurelogical findings, 
abnormal EEG, deve-apmental devia- 
tion in socia develepment, and visual 
motor defecs. 

Patient 5, = 9-year-oid boy with cir- 
rhosis, had kad a mesecaval shunt at 
age 4. Tests showed normal neurolog- 
ical findings norma EEG, develop- 
ment ceviatmn n sedal development 
on psychiatmic test. and develop- 
mental deviatioz and visual motor de- 
fects on psydhoBgica test. 

Patient 6, « 9sear-old girl with cir- 
rhosis, had hed £ spleaerenal shunt at 
age 6. Tests shewed severe cerebral 
dysfunstien, peripheral neuropathy, 
abnormal EPG, and normal psychiat- 
ric and psyehongical findings. She 
died wthin £ year. 

Patient 7, a _0-yearold boy with 
cirrhos3s, hac had a mesocaval shunt 
at age 5. Tes słowec moderate cere- 
bral dysfunecior, normal EEG, non- 
psychofic orgarac brain syndrome, 
and normal =ychologseal findings. 

Patient 8, a 6-year-old girl with 
cirrhoss, had had a sp.enorenal shunt 
at age 8. Tes® saowee severe periph- 
eral nearopatny, abnarmal EEG, and 
behavioral disorder (everanxbous re- 
action of adoksc=nce). Ne psyehologi- 
cal test was eons. She died within a 
year. 

Patient 9, a -year-old boy with 
cirrhosis, had tac a spnorenal shunt 
at age & Tests showec severe periph- 
eral neurepatay, abnormal EEG, and 
psychosis asseeiaced with porzal-sys- 
temic encepha@opathy. No psychologi- 
cal test was eons. He died within a 
year. 

Patient 10, a 22-year-old woman 
with cirmhosis. hæl hae a splenorenal 
shunt at age E. " ests showed moder- 
ate pyramida tract signs, normal 
KEG, personality diserder on psy- 
chiatrie test, anc immature person- 
ality on psychalogical “est. 

Patiert 16, a 12-year-old girl with 
cirrhosis had ac a m=2socaval shunt 
at age & Test. showec moderete pe- 
ripheral neuropathy, adnormal EEG, 
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Normal and abnormal test results in 16 patients. 


behavioral disorder (overanxious re- 
action of adolescence), and visual mo- 
tor defect. 


Comment 


It is difficult to devise a multidisci- 
plined clinical study to identify and 
measure neuropsychiatric abnormal- 
ities in any study group. Many find- 
ings are subjective, definitions and 
nomenclature vary, and the inter- 
personal relationships between exam- 
iner and his subject may alter an 
evaluation. Nevertheless, aware of its 
inherent weakness, we made this pi- 
lot study in an effort to verify an im- 
pression that psychiatric abnormality 
can be anticipated following porta- 
caval surgery in children and to fer- 
ret out possible relationships and 
causality. 

Sixteen patients were studied four 
to 18 years following a portal-sys- 
temic shunt for portal hypertension; 
eight of them due to portal vein 
thrombosis and eight due to cirrhosis. 
Table 1 records the psychiatric find- 
ings in these two groups, listing the 
various diagnoses and incidence. No 
effort was made to quantitate the se- 
verity of the disorders; however, in 
the normal liver group, five of the 
eight had to be hospitalized one or 
more times for emotional disorders. 
All five were in the longest postshunt 
follow-up group and were over the 


age of 20 years. 

In the abnormal liver group, the 
psychiatric diagnoses were less clear- 
cut. Two factors were probably influ- 
encing this difference; the patients 
were younger and most showed evi- 
dence of serious liver dysfunction. In 
fact, three of these patients died 
within the year after the study. 

Table 2 lists the neurological find- 
ings in their frequency distribution 
since some patients exhibited more 
than one symptom. Again, no effort 
was made to quantitate these find- 
ings for comparative purposes. It is 
interesting to note that one half of 
the normal liver group were neurolog- 
ically normal as opposed to a smaller 
number in the abnormal liver group. 

Several factors may account for the 
high incidence of neuropsychiatric 
symptoms in this pilot study. 

1. The criteria for neuropsychiatric 
illness were broader than those used 
in other studies. In many previous 
adult studies, the fairly gross tests of 
illness, such as altered states of con- 
sciousness, were used to judge illness. 
Moreover, these studies generally list 
only severe mental disorders, such as 
psychotic reaction and do not mention 
the prevalence of less severe dis- 
orders such as neuroses. 

2. Some of the children diagnosed 
as having developmental deviation or 
overanxious reactions of adolescence 
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Organic Brain Personality Behavioral 
Liver Schizophrenia Neuroses Syndrome Disorder Disorder Normal 
Normal 3 2 0 0 0 
Abnormal 0 0 3 2 1 








may well have developed their emo- 
tional illness as a result of over- 
solicitous parents concerned about a 
child with a serious and life-threat- 
ening disease. It is beyond the scope 
of this pilot study to explore this par- 
ticular influential factor. 

3. There is a very reasonable possi- 
bility that children are more suscep- 
tible to the complex physiological dis- 
orders caused by portal-systemic 
shunting during the period of normal 
emotional development. This is some- 
what substantiated by the apparent 
relationship between the exposure 
time to a shunt and the severity of 
the emotional disorder, particularly in 
the normal liver group. 

4. While there is no evidence to 
support the thesis that conversion re- 
actions, developmental deviations, or 
reactive depressions are due to por- 
tal-systemic shunts, we suspect that 
the complex physiological derange- 
ment resulting from the shunt sur- 
gery is an important predisposing 
factor. 

This pilot study verifies our obser- 
vation that children who undergo sur- 
gically created portal-systemic shunts 
are prone to neuropsychiatric abnor- 
malities, the severity of which is 
directly related to the postoperative 
interval. Although the study was not 
designed to identify etiologic mech- 


anisms, it does raise interesting spec- | 


ulations regarding the relationship of 
mental disease and liver shunts 


whether they be surgically or natu- 
rally created. Hopefully, the study 
will open avenues of future investiga- 
tion in this area and stimulate a 
broad interest in therapeutic ap- 
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Table 1.—Psychiatric Findings (Dominant Diagnosis) 





Peripheral 
Neuropathological 
Liver Normal Findings 
Normal 4 2 
Abnormal 2 3 
















proaches to children afflicted with this 
problem. As it stands now, the sur- 
geon is faced with the dilemma of 
weighing the value of a life-saving 
shunting procedure against the risk 
of creating a severe emotional dis- 
ability. 


This investigation was supported by the Fund 
for the Advancement of Blood Vessel Surgery. 

Robert E. Lovelace, MD, Department of Neu- 
rology, did electromyographic and nerve conduc- 
tion times in this study group. Reginald M. Tay- 


lor, MD, Department of Psychiatry, performed - 


and interpreted the electroencephalograms. 
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Cerebral Organic Brain Pyramidal Nerve 
Dysfunction Syndrome Tract Signs EEG EMG Conduction 
4 3 0 6 4 5 
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Table 2.—Frequency Distribution of Neurological Findings 


Discussions 


Harry H. LEVEEN, MD, Brooklyn, NY: 
It pleased me to hear this excellent paper. 
This is further evidence that portacaval 
shunting is not as satisfying for the pa- 
tient as it is for the surgeon. Walser (J 
Clin Invest 38:1617, 1959) showed that 20% 
of total body urea is converted to ammonia 
each day by bacterial urease in the large 
bowel. This diffuses from the blood into the 
colon. The high water turnover in the colon 
is responsible for a high urea turnover. 
The conversion to ammonia is immediate; 
a situation which favors further diffusion 
of urea. This ammonia is then absorbed by 
the colon and reconverted to urea by the 
liver. If the portal blood does not flow 
through the liver, this conversion cannot 
occur. High portal pressures therefore are 
necessary to force portal blood through the 
liver in cirrhotics. Shunts lower the portal 
pressure. 

Protein in the diet contributes further to 
ammonia formation and yet these patients 
are in desperate need of protein to build- 
ing body tissue. 

Our interest has centered around some 
aspects of the problem of ammonia tox- 
icity for cells. In acute ammonia toxicity 
cell metabolism is disrypted, however, 
some irreversible damage occurs at low 
ammonia concentrations. Ammonia short- 
ens the life span of the cell. 

The ammonia penetrates the cell as NH,,. 
The dissociation curve of NH, to NH, is 
pH-dependent. The ammonia tends to ac- 
cumulate in the cells, the ratio being even- 
tually 2% to 1. 

Physicians have the erroneous impres- 
sion that ammonia toxicity is a reversible 
response to a high ammonia concentration; 
and that the cell returns to normal after 
the ammonia concentration has fallen. 
Visek (Fed Proc 31:1178, 1972) points out 
that the effect is cumulative, and neces- 
sarily influences the subsequent life span 
of the cell. 

Ammonia formation in the colon can be 
suppressed by immunization with jack- 
bean urease, thus reducing colonic am- 
monia formation. We have been able to 
immunize animals with an enzymatically 
inactive urease complex, which seems most 
effective. As an alternative, ion exchange 





Abnormal 
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resins should be zivea orally to patients 
who hase had shunts. Patients so treated 
can tolerate high feeding. Recently, we 
have foand that # weter-soluble carboxy- 
lated vinyl resin ic even more satisfactory 
than suifated polsty™ene resins. 

While these mesures are remedial, they 
are not fully compensatory. Some surgeons 
are, therefore, timning their attention to 
disconnection operations and sclerosis of 
varices as an æteraative procedure to 
shunts in the teatment of esophageal 
varices 

Dr. Price: Dr. Voorhees and I realize 
that at this stagewf the game our data are 
somewnat aneedezal. dowever, we expect— 
and fear—that as other groups accumulate 
really long-term follow-ups, these same 
things will besen ia children with histo- 
logical:y normal livers. 

As vell, we have aecumulated a group of 
eight patientsse=nir their late 40s and 50s 
with sportaneoms perta!-systemic shunts. 
These patients were seen because of neu- 
ropsychiatric manifestations, and at least 
two o° these patieris also had histologi- 
cally normal livers. 
` So we fear that tae long-term relation- 
ship between the liver and brain is being 
exposed by this shant. It probably does 
have ~elevance not nly for looking at he- 
patic-prain intexreletionships, but also for 
the czusation of at least some of the or- 
ganic types of meurspsychiatric disorders. 
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Ater A. SALAM, MD, Atlanta: This paper 
documents the occurrence of neuropsy- 
chiatric problems after portal-systemic 
shunts. We too are very much concerned 
about the high incidence of encephalopathy 
after portal-systemic shunts, and in the 
evaluation of a long series of patients fol- 
lowing this operation, a common finding is 
the total diversion of portal blood away 
from the liver. This is seen on a portogram 
after a mesocaval shunt, with none of the 
portal bleod is perfusing the liver. 

In trying to improve the results or to 
eliminate or reduce the incidence of en- 
cephalopathy and delayed hepatic failure 
after portal-systemic shunts, the concept 
of selective decompression of the varices 
was introduced by Warren and his associ- 
ates in 1967. The distal spleno-renal shunt 
aims at decompression of the varices, while 
the mesenteric blood continues to perfuse 
the liver. 

Since the description of this operation, 
we have observed 65 patients with cirrhot- 
ic livers in whom the operation was per- 
formed. There was no incidence of enceph- 
alopathy. Today the authors provide very 
complete evidence that portal-systemic 
shunts not only may lead to deterioration 
of liver function, but also can lead to some 
types of brain damage. 

I would like to ask the authors if they 
have observed patients who started with 
normal livers, and whether there have 


been histological changes or changes in the 
liver function in the long-term follow-up 
after portal-systemic shunt. 

Dr. VoorHEEs: I wish to thank Dr. Le- 
Veen, Dr. Price, and Dr. Salam for their 
comments. 

In answer to Dr. Salam’s two questions— 
one couched in a suggestion, the other one 
a direct question—the Warren shunt does 
have an appeal in terms of perfusion of the 
liver, but, unfortunately, the extrahepatic 
group that we are emphasizing in this pilot 
study would not be benefited from this 
particular shunt because the portal vein is 
thrombosed. 

The second question that he raised, the 
possibility of changes in the liver in the ex- 
trahepatic group, is difficult to evaluate be- 
cause of the possibility of intercurrent 
hepatitis following multiple transfusions 
so often given to these patients. A few 
children have developed cirrhosis after 15 
to 20 years. 

I would like to close by expressing the 
hope that this pilot study will open further 
avenues of investigation, and stimulate ad- 
ditional efforts to develop other therapeu- 
tie approaches in children with this prob- 
lem. Obviously, we, the surgeons, are faced 
with the dilemma of weighing the value of 
the shunting procedure against the risk of 
creating, particularly in children, a severe 
emotional disability that we are beginning 
to observe. 
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The Postendarterectomy Intimal Flap 


Harry H. LeVeen, MD; Carlos Diaz, MD; George Christoudias, MD, Brooklyn, NY 


The artherosclerotic artery has been 
tested for its response to impact strength. 
The intima has very little impact strength 
and an external blow delivered by a dull 
blade held against the vessel severs the in- 
tima without injuring the other coats. The 
impact strength of the intima was measured. 
From these measurements, an instrument 
has been devised which imparts an impact of 
proper strength. This instrument is used in 
vascular surgery to transect the intima at ei- 
ther end in the operation of endarterectomy. 
The device has been successfully used in 
more than 150 operations. Since the intima 
is not detached on sectioning, the distal in- 
tima is not sutured to outer walls of the ves- 
sel. No complications have arisen by omit- 
ting the suture of the intima to the outer 
vessel wall. 


enp flaps have been recog- 
nized as the cause for arterial oc- 
clusion after nonpenetrating vascular 
injuries.’ Yet, intimal flaps produced 
operatively have received little atten- 
tion as a problem even though a 
thickened intimal flap is often 
created during endarterectomy both 
on the upstream and the downstream 
side of the dissection. While the de- 
tached intima on the upstream side 
does not constitute a hazard with re- 
spect to obstruction, it does impede 
progress of surgery. Often, difficulty 
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is encountered in initiating the dis- 
section at a desired level, especially in 
the aorta. Transection of the intima 
requires the opening of the aorta; un- 
less the intima is fractured with the 
tips of the fingers, which is eften dif- 
ficult or impossible. Blind detachment 
can leave a long flagellating piece of 
intima extending high into the aorta. 
Such a streamer can be the origin of 
embolizable thrombi. Another proce- 
dure is to transversely clamp the 
aorta and pull the intima off to the 
level of the cross clamp. If the intima 
could be easily transected without 
opening the vessel, the thickened in- 
tima in the aorta could be squeezed 
down to an arteriotomy site in a man- 
ner similar to that used in expressing 
toothpaste from the tube. 

The management of the distal 
thickened intima constitutes a real 
hazard. A portion of this semirigid in- 
tima can, if it is detached from the 
wall, act as a valve to stop the flow. 
Most surgeons have resorted to sutur- 
ing the cistal intima to the outer lay- 
ers of the vessel wall. Yet it is diffi- 
cult to attach the intima evenly; if the 
sutures are placed with slight asym- 
metry, tne condition which is to be 
avoided can be inadvertently created. 
Complete attachment of the thick- 
ened intima can rarely be achieved by 
suture, and there is even danger that 
the outflow tract will be narrowed 
and distorted. Ideally, the entire cir- 
cumference of the intima sheuld be 
transected precisely and without de- 
tachment, making suturing umneces- 
sary. Even the most skilled surgeons 
find this difficult to do. 


Some physical property of the ar- 
tery was sought which might serve as 
the basis for differentially cutting the 
intima without impairing the tensile 
strength of the remaining vessel wall. 

One possibility was impact strength, 
since the intima is known to be less 
elastic than the rest of the vessel. For 
this reason, the intima can easily be 
stripped from the rest of the vessel by 
an instrument which dilates the outer 
elastic portion of the vessel.’ 


Materials and Methods 


The method chosen for testing impact 
strength is a modification of a standard 
test listed by the American Society for 
Testing and Materials (ASTM) and known 
as ASTM D256-56. An apparatus was con- 
structed to test the impact strength of ar- 
teries which is similar to that used in test- 
ing the impact strength of plastics. The 
apparatus is shown in Fig 1. The unopened 
vessel is compressed between two dull 
blades by a loaded spring. This initial pres- 
sure on the vessel is adjustable. A weighted 
hammer strikes against one dull blade 
which acts as an anvil. The height of the 
hammer from the striking point is mea- 
sured in centimeters, and its weight can be 
adjusted in grams. The free fall of the 
hammer then imparts an impact to the 
vessel which can be measured in gram-cen- 
timeters. 

The outer coats of the vessel were not se- 
vered by impacts of the magnitude used in 
our experiments. Totally calcified pipe 
stem vessels were not tested since these 
are usually unsuitable for endarterectomy 
and have a very thin adventitia which 
often tears during attempts to remove ad- 
herent calcific material. Partial calcifica- 
tion or calcified plaques however, offer no 
problem. They can be sectioned, but one 
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usually chooses a area free of calcium. 
Most tests, thereore, were performed on 
thickened athero elerotic vessels. A total 
of 40 iliac arteries aml aertas were tested. 
Blows were repea-edly mace along the ves- 
sel, varyirg the ercs of the impact. The 
vessel was then ovened and examined. The 
intima was suecessively peeled off between 
cuts to find the n=aimal effective blow and 
the maxinum tdereted blow. Gross ap- 
pearance was corfrmed histologically. 


esults 


The impact quired to section the 
intima of an in-act vessel compressed 
between dull b aces was measured. 
For best result». it was found best to 
compress the vessel between the 
blades with a ferceof 2 kg at the time 
of the impact. Vessels with widely 
varying degres of atherosclerosis 
and arterioscle-esis were tested. Fig- 
ure 2 is a photozraoh ef some of these 
vessels a“ter they have been cut open. 
Note the transverse cuts in the in- 
tima where the blews were rendered. 

Because zhe ve.sel is elongated at the 
site of tre blow. the cut is not always 
apparent but -euld be made clearly 
visible by stre-ehing the vessel. Fig- 
-~ ure 3 shows tkree vessels which are 
most representtive of the types that 
are seen One s smoeth and glisten- 
ing. The intiraa alone is thickened 
and not too e=temsively. There is a 
high lipd coneentration in the in- 
tima. Notice the cean knife-like cuts 
in the intima. The middle vessel is 
scarred and there are plaques scat- 
tered throughc:t he vessel but they 
are not alcerated. Notice that a sec- 
tion of intima was removed between 
= two impact lines. The third artery is 
markedl~ ulceated, and thrombus 
was present ir ore iliac artery. The 
plaques contamed significant quan- 
tities of calcium. Even in such ad- 
_vaneed disease the intima was sec- 
tioned and a pertion of intima in the 
aorta was easily removed between 
two intimal cucs without detachment 
of proximal acd distal intima. Be- 
cause the forces required to transect a 
calcified intimal plaque are much 
higher, zhe minimal effective force 
approacted the maximum tolerated 
force. Therefose, Gamage to vessel is 
more likely. Far this reason, a noncal- 
cified zome should be selected for clini- 
cal applmation of this guillotine. 
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Fig 1.—Impact tester. Small square shows details of preliminary spring compression of 
vessels. Weighted pendulum transmits blow to compressed vessel; height of pendulum is 
shown on gauge on left. Weights on pendulum are adjustable. 
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Fig 2.—Five opened vessels after varying impacts to closed vessel. From examination of 





intima, minimal effective impact and maximal tolerated impact is determined. 


Using a compressive force of be- 
tween 1.5 and 2 kg, the minimal ef- 
fective impact required to section the 
intima varied between 2,000 and 4,000 
gm-cm of force. The maximum toler- 
ated blow exceeded 16,000 gm-cm. Re- 
peated impacts of 4,000 gm-cm did 
not sever the vessel (Table). 


aux 


The microscopic appearance of the 
sectioned intima confirmed that the 
intima was sharply severed and that 
there were no ragged edges (Fig 4). 
An intimectomy was done on this ves- 
sel without detaching the remaining 
intima, which remained firmly ad- 
herent to the adventitia. 
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Fig 3.—Three opened vessels with varying degrees of atheroscle- 
rosis. Intact specimen was struck with intima guillotine instrument. 
Notice sharp cuts in vessel on right indicated by arrows. Intima was 


v 


. 


sectioned and removed between arrows in other vessels. 





ment. 


When the force which was required 
to section the intima had been deter- 
mined, it was a simple matter to de- 
sign an instrument which would do 
this at the operating room table. A 
spring-operated guillotine instru- 
ment was fabricated (Fig 5). One 
spring compressed the artery be- 
tween two dull blades with a force of 
1 kg while another spring activated 
an anvil which imparted a blow of 
4,000 gm-cm to the compressed vessel. 
Results obtained with this instru- 
ment were comparable to the testing 
machine. 


Comment 


Although the guillotine instrument 
designed after completion of the tests 
was officially called the intimal guillo- 
tine, it was named the “plaque 
cracker” by the residents. Although 
not an elegant name, it is descriptive. 
This instrument and earlier designs 
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Impact Force, gm-cm 





Minimum Effective to Maximum Tolerated Impact 


No. of Arteries 


10 2t 
7 7 2t 
5 5 2t 


9,000 
16,200 








Fig 4.—Microscopic section shows an endarterectomy. Intima re- 
moved was sectioned with guillotine. Notice clean section of intima 
and that remaining intima has not been detached from adventitia. 


Intima 
Completely Cut 


Damaged Media 
and/or Adventitia 








* The impact in the arteries where intima was incompletely transected was directed upon 


severely calcified plaques. 


t Impact directed upon severely calcified plaques. 


have now been used on over 150 pri- 
mary or incidental endarterectomies 
performed over a 4-year period. In 
no case has the distal intima been su- 
tured to the outer wall of the vessel. 
To our knowledge, this has caused no 
technical failures which were respon- 
sible for postoperative thrombosis. 
The technique employed is illustrated 
in Fig 6 and 7. The vessel is placed in 
the plaque cracker and the spring- 
loaded hammer strikes a blow on the 
outside of the vessel severing the in- 
tima within. Several techniques are 
available to start the dissection from 
the cut. The closed plaque cracker can 
be moved slightly, which milks the se- 
vered intima along this vessel. After 


it has been started, it is further dis- 
sected by finger-milking the core up 
to the site of a transverse arteriot- 
omy (Fig 8, H). 

An alternative method is to make a 
transverse arteriotomy over the line 
of impact (Fig 8, E). The severed in- 
tima is then dissected with a Frier 
dissector or similar instrument (Fig 
8, F). The plaque cracker is especially 
useful with gas endarterectomy. Fig- 
ure 8, G, shows a small, hand-held car- 
bon dioxide gun which utilizes a small 
carbon dioxide cartridge. This instru- 
ment was devised by us for use in car- 
bodissection. Since it is small, ster- 
ilizable, and convenient, this method 
is now utilized more than it was for- 
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Fig 7.—D, Loaded hammer delivers 
impact to blade sufficient to section 
intima. 


Fie 6—A, saws of guillotine are 
openad to eccommodate vessel. B, 
Closure əf jaws compresses vessel. C, 
Sprirg ætivatng hammer is loaded. 


Fig &—E, Upstream arteriotomy 
has beem made and vessel can be in- 
cised over area of intimal section. F, 
Further dissection of core is carried 
toward arteriotomy with suitable dis- 
secting instruments. G, Core can be 
dissected to point of division by injec- 
tion of carbon dioxide. (a) Free gas 
alongside core is seen. H, Freed and 
divided core can be milked toward 
open arteriotomy. | 
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merly. The gas in this instrument is 
sterilized by filtration through a sin- 
tered metal filter which also serves 
as a pressure reducer. The plaque 
cracker is really essential in gas en- 
darterectomy since it limits the level 
of dissection, as the gas cannot travel 
down the subintimal tissue planes be- 
yond the line of section. 

When the plaque cracker is used on 
the aorta, a suitable area is chosen be- 
low the inferior mesenteric vessel. 
After the plaque is cracked, it is 
milked distally and a transverse 
clamp applied on the endarterecto- 
mized segment. The intima of the 


iliac arteries are then transected and 


I. RIDGEWAY TRIMBLE, MD, Baltimore: I 
wish to compliment Dr. LeVeen and Dr. 
Diaz for this interesting and original pa- 
per. 

Endarterectomy of the lower end of the 
abdominal aorta and the common iliac ar- 
teries is relatively easy, but the problem 
becomes, as you all know, much more com- 
plex and difficult when the external iliac 
arteries are involved, largely due to the an- 
atomic inaccessibility of these arteries. 

I would like to present the case of a pa- 
tient who had serious disease of the lower 
end of his aorta and his common iliac ar- 
teries, and who by arteriogram and by ex- 
amination at operation had relatively nor- 
mal external iliac arteries. 

This man of 52 years was completely dis- 
abled. We operated on him at the Johns 
Hopkins Hospital about a year ago and re- 
moved the diseased intima and a layer of 
the media of the lower end of the aorta and 
of the common iliac arteries by endarterec- 
tomy. 

Then we closed the common iliac arteries 
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the core milked up toward the aorta, 
again placing bulldog clamps on the 
endarterectomized segments. Finally, 
a transverse arteriotomy is made in 
the aorta above the bifurcation and 
the intima is removed. The operation 
is done under heparinization and very 
little blood is lost. It is pessible to 
milk up the core of the entire common 
and external iliac arteries but this 
must be done piecemeal since the 
quantity of intima which can be 
milked into a vessel can exceed its 
volume capacity and cause its rup- 
ture. Endarterectomy on clamped 
segments of vessels done with the 
vessel closed is rapid, simple, and rel- 


Discussion 


and the aorta, as is routinely done. The in- 
tima in the external iliac arteries seemed 
uninvolved and firmly attached. But after 
this procedure was done, feeling the fem- 
oral arteries, we could not get a satisfac- 
tory pulse in these arteries, and sa by inci- 
sion in the groin, I exposed the left 
common femoral artery and found only a 
small pulse there. The artery was opened 
by a small transverse incision and a Fo- 
garty catheter introduced up through the 
common femoral artery and external iliac 
artery. To my surprise and gratification, a 
complete sleeve of intima and part of the 
medial coat came down with this catheter, 
and then was cut off at the middle of the 
common femoral artery. The intima be- 
yond that point was completely attached, 
and it was very gratifying that a furious 
flow of blood resulted. The incision in this 
femoral artery was closed. The patient de- 
veloped both pulses very strongly in the 
left foot. I did the same thing on the right 
leg, with the same good result, and the 
man today has these four fine pedal pulses. 


atively bloodless. 

This development of improved sur- 
gical instrumentation, by reducing 
operative time, will allow the surgeon 
to perform the superior operation of 
endarterectomy as an alternative to 
the less satisfactory but speedier by- 
pass operation utilizing a woven pros- 
thesis. 
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I present this case to show an additional 
use for the Fogarty catheter, in the hopes 
that this may help some to do an endarter- 
ectomy in this sometimes difficult proce- 
dure for disease in the external iliac ar- 
teries. 

Dr. LEVEEN: Dr. Trimble has brought up 
a good point. The external iliac artery is so 
long that it is difficult to handle. One can’t 
push all of the core of the iliac artery down 
to the femoral artery. The vessel won’t 
hold such a large volume of plaque without 
rupture. The plaque eracker is of help here 
because the plaque can be cracked down 
low and without rupture to an arteriotomy. 
The distal plaque is milked down to the 
femoral artery. An incision is later made 
over the femoral artery and the remaining 
core is removed through a femoral arteri- 
otomy. It is easier to handle the long blind 
segment of the external iliac by piecemeal 
removal rather than as a single core. Dr. 
Trimble’s comments about this blind seg- 
ment are indeed important. 
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Prophylactic Staple Plication 
of the Inferior Vena Cava 


S. Martin Lindenewer, MD, Ann Arbor, Mich 


Sixty-five patierts undergoing operation 
for pelvic neoplasm had prophylactic staple 
plication of the interior vena cava. No fatal 
and only one minar nonfatal pulmonary em- 
bolism occurred. “ha vena cava was proved 
patent in 57 of 5& patients studied by vena 
cavagram or at aitopsy. Thrombophlebitis 
occurred in three patients and mild edema 
was present in siz patients postoperatively. 
Two operative ane ten late deaths were not 
related to pulmons=ry embolism or the plica- 
tion procedure. Saole plication is a rapid, 
safe, and effective method of providing pro- 
tection againstpummonary embolism in high- 
risk patients uneeggoing abdominal oper- 
ation. The late ciation of the vena caval 
channels seen ir three of seven patients 
studied one to t! ree years postoperatively 
does not detract fom thewalue of the proce- 
dure. 


pereg endelismremainsan im- 
portant ceuse of death and dis- 
ability among patients undergoing 
major surgical procedures. Coon and 
Coller’ found <a everall incidence of 
pulmonary emeclism of 18.8% at au- 
topsy. Among those patients with 
evidence of a pulmonary embolus at 
autopsy, only &1% had a definite clini- 


cal diagnosis made prior to death.. 


Shortness of eath or a transient 
episode of hrperventilation is the 
most common manifestation of pul- 
monary embol sm and frequently the 
only one. Th= majerity of clinical 
signs and symptoms that are associ- 
ated with pulmonary embolism (he- 
moptysis, che= dain, friction rub, etc) 
are usually faiad only when pulmo- 
nary infarction is present as well. In- 
faretion oceurs monly 50% to 60% of 
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cases of pulmonary embolism. Fur- 
thermore, the diagnosis of pulmonary 
embolism without infarction is diffi- 
cult if not impossible to make from a 
plain chest x-ray film. 

Over 90% of pulmonary emboli 
arise frem a locus of thrombophlebitis 
in the lower extremities or pelvis, and 
the diagnosis of pulmonary embolism 
is rarely considered in the absence of 
deep venous thrombosis. However, 
the diagnosis of deep venous throm- 
bosis is difficult to make. Coon and 
Coller' found that only 10.6% of pa- 
tients found to have a pulmonary em- 
bolus at autopsy had a definite clinical 
diagnosis of deep venous thrombosis 
made prior to death despite the fact 
that the vast majority of such emboli 
arise from peripheral sites of throm- 
bophlebitis. 

Patients studied prospectively with 
sensitive diagnostic techniques (I*” 
fibrinogen scan, venography) before 
undergoing major surgical procedures 
have been shown to have an incidence 
of deep venous thrombosis of about 
40%.?-* Only 50% of such patients have 
typical clinical signs and symptoms of 
thrombophlebitis. This is particularly 
alarming when one considers that ap- 
proximately one patient in five with 
deep venous thrombosis will have a 
pulmonary embolus and that 15% to 
20% of all pulmonary embolisms are 
fatal. 

The risk of thromboembolism is 
significantly increased in patients 
who are elderly and in those with neo- 
plasms and heart disease. The risk is 
also significantly increased in pa- 


‘tients with a prior history of deep 


venous thrombosis and among those 
experiencing leg trauma. Coon and 
Coller’ found pulmonary emboli in 
33.2% of patients with cancer and 
heart disease at autopsy. Among the 
patients with neoplasm who were 
found to have pulmonary emboli at 
autopsy, the incidence was greatest 


among patients with genitourinary 
neoplasms. The high incidence of 
thromboembolic disease in surgical 
patients and the difficulties and 
inaccuracies of establishing the diag- 
nosis strongly suggest the need for 
prophylactic treatment. 

Patients with recurrent carcinoma 
of the cervix who are undergoing pel- 
vic exenteration possess a strikingly 
increased risk of developing throm- 
boembolic disease. They are generally 
elderly patients with a genitourinary 
neoplasm. Since most are females 
who have had several pregnancies, 
they tend to have a higher than usual 
incidence of prior thrombophlebitis 
and varicose veins. To eradicate their 
neoplasm requires a lengthy oper- 
ation with a considerable potential 
for trauma to the pelvic veins, both at 
operation and postoperatively from 
pelvic sepsis. Because of the exten- 
siveness of the surgical procedure, 
early and meaningful postoperative 
ambulation is not feasible. 

During the period 1965 through 
1967 at the University of Michigan 
Medical Center, 14 patients under- 
went pelvic exenteration. Six of the 
14 experienced thrombophlebitis or 
postoperative leg edema, and two had 
a major life-threatening pulmonary 
embolism. It was felt that some form 
of prophylactic therapy was needed in 
this and other groups of patients who 
have an increased risk of developing 
thromboembolic disease. 

Prophylactic low-dose heparin so- 
dium therapy begun preoperatively 
and continued for three to five days 
postoperatively has been shown to be 
particularly effective in preventing 
deep venous thrombosis in surgical 
patients.?*° However, because of the 
large denuded area left in the pelvis 
following pelvic exenteration, and be- 
cause of the significant operative 
blood loss, prophylactic heparin ther- 
apy seemed inappropriate and unduly 
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risky. Since the vena cava is readily 
accessible, some method of vena caval 
interruption could be utilized to pre- 
vent pulmonary embolism. Caval liga- 
tion in such a setting would increase 
pelvic bleeding and would expose the 
patient to an unacceptable incidence 
of severe and disabling venous stasis. 
Among the partial caval interruption 
procedures, the vena caval filter of 
DeWeese and Hunter’ is the most ap- 
pealing; however, the time required 
for its construction (20 to 30 minutes) 
seemed excessive when added to an 
already lengthy procedure. Plication 
of the vena cava with sutures, as de- 
scribed by Spencer,* also requires 20 
to 30 minutes and is associated with a 
high caval occlusion rate. The exter- 
nal clip of Moretz et al, Miles et al,” 
or Adams et al, while rapidly ap- 
plied, leaves behind a large foreign 
body in a potentially contaminated 
operative field in which the colon and 
genitourinary tract may have been 
transected. Plication of the vena cava 
with staples is easily and rapidly per- 
formed. It does not require a large 
foreign body, nor does it increase 
venous pressure and pelvic venous 
oozing. The utilization of this tech- 
nique as a prophylactic measure to 
prevent pulmonary embolism in pa- 
tients undergoing abdominal and pel- 
vic operative procedures and who are 
unusually susceptible to throm- 
boembolic disease was evaluated in 65 
patients and forms the basis of this 
report. 


Material and Methods 


Following removal of the surgical speci- 
men and prior to construction of a colos- 
tomy or a diverting urinary conduit or 
both, the vena cava is exposed just proxi- 
mal to the confluence of the iliac veins. The 
vena cava need not be totally controlled 
and is exposed on three sides, leaving most 
of its posterior aspect undisturbed. Seldom 
is it necessary to ligate and divide lumbar 
vessels, and the cava is not cross-clamped 
(Fig 1 and 2). Fine stainless steel staples 
(0.15 mm in diameter, 2 mm in width with 
a leg height of 2.5 mm) are delivered singly 
from a plastic disposable, presterilized car- 
tridge holding 15 staples (Fig 3). The car- 
tridge is mounted on a ring-handled, light- 
weight hemostat, frame staple applier (Fig 
4). This allows maximum flexibility and 
ease in applying single staples consecu- 
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Fig 1.—Exposed vena cava prior to staple 
plication. Head is superior. 


* 
te i 


Fig 2.—Inferior vena cava following place- 
ment of three staples which approximate 
lateral walls and convert it into four chan- 
nels. Note caval narrowing just proximal to 
iliac vein junction. 


tively in areas that may be somewhat inac- 
cessible. Generally, three or four staples 
are required to convert the vena cava into 
four to five compartments each with an in- 
ternal diameter of 3 mm. The lateral walls 
of the vena cava are approximated and the 
staples are aligned parallel to the vertical 
axis of the vena cava. The entire procedure 
takes no more than five minutes. Bleeding 
from the vena cava is not a problem and 
the slight ooze from the staple sites rapidly 
stops. The remainder of the primary oper- 
ative procedure can then be completed. 
Since 1968, a total of 65 patients have 
undergone prophylactic vena caval staple 
plication as an ancillary procedure. In 
sixty-one patients the procedure was per- 
formed during removal of a pelvic neo- 
plasm (pelvic exenteration, 40; anteropos- 
terior resection, 19; hemipelvectomy, one; 
and Hartmann procedure, one). The three 








patients who underwent coloproctectomy 
had ulcerative colitis and a patient who un- 
derwent aortic aneurysmectomy sustained 
an unexpected amount of trauma to the 
pelvic veins and had a prior history of 
thrombophlebitis. In all of these patients, 
therefore, there was a greatly increased 
risk of development of thromboembolic 
disease. 


There were 43 women and 22 men. The 
average age was 51 years. Anticoagulants 
were not given. 


There were two operative deaths within 
60 days following operation. The first, a 
65-year-old man with chronic pulmonary 
disease, died of extensive pneumonitis on 
the seventh postoperative day following an 
abdominal perineal resection for rectal 
cancer. At autopsy, the vena cava was pat- 
ent and the lungs did not reveal any pul- 
monary emboli. The second patient, a 55- 
year-old man, underwent a palliative Hart- 
mann procedure for metastatic carcinoma 
of the rectum. He died on the 40th postop- 
erative day of carcinomatosis. At autopsy, 
the vena cava was patent and no pulmo- 
nary emboli were seen in the lungs. 

There were ten late deaths five months 
to two years two months postoperatively. 
Nine of the ten patients died of recurrent 
and metastatic neoplasm. Autopsy was 
performed in one of these and revealed a 
patent vena cava and no pulmonary em- 
boli. The tenth late death occurred in a pa- 
tient who died of a spontaneous pneu- 
mothorax secondary to rupture of an 
emphysematous bleb. At autopsy his vena 
cava was patent and no evidence of pulmo- 
nary emboli was found. 


No patient in the entire series experi- 
enced a fatal pulmonary embolism. Only 
one patient had a minor nonlife-threat- 
ening pulmonary embolism. 

The status of the plicated inferior vena 
cava was determined by inferior vena cav- 
agram and autopsy in 58 patients or 89.2% 
of the entire group. Sixty-three vena cav- 
agrams were performed on 54 patients, au- 
topsies and vena cavagrams were per- 
formed on two, and autopsies alone were 
performed on two. Vena cavagrams were 
performed during the second to fourth 
postoperative weeks. The 65 vena cav- 
agrams were all done without incident and 
no patient developed thrombophlebitis as a 
result of the procedure. 

The vena cava was found to be patent in 
57 of 58 patients (98.3%) (Fig 5). One pa- 
tient exhibited a filling defect proximal to 
the plication site; two patients were found 
to have a filling defect in one iliac vein and 
a third patient was noted to have an ob- 
vious trapped embolus distal to the plica- 
tion site (Fig 6). 
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There was mo 2dema postoperatively in 
59 patients, but edama in one leg was 
noted in 5 and bilateral edema in 1. Only 
three patients had thrombophlebitis in the 
early postoperat-ve pertod and none had 
abnormalities se2n m their inferior vena 
cavagrams. In al si» patients with edema, 
it was easily cortroled with elastic hose, 
and pestphlebitic stasis changes were not 
present. 

The mean ‘ollew-up period was 1.5 years 
with a range of ome month to 5 years. 
Seven patients mmderwent follow-up infe- 
rior vena cavagrams. Five patients had a 
second and two >atients had a third vena 
cavagram. In three patients, the follow-up 
study showed slight but definite dilatation 
of the plicated cLanmels (Fig 7 and 8) with 
the following irter~als: 2.7, 1.8, and 1.3 
years; four showed essentially no change 
(Fig 9); the mte~vals were as follows: 3.6, 
2.1, 2.0, and 1.8 veas. 


Comment 


Prophylactic treatment in high-risk 
groups of patients undergoing oper- 
ation has beer suggested by a num- 
ber of investigators as the only realis- 
tic way of decreasing the continuing 
morbidity anc mortality of throm- 
boembolic dis2ase.'°" While it ap- 
pears that low-dese heparin therapy 
can suceessful_y accomplish this,?*-** 
its use in certain situations where the 
potential fer intraoperative and post- 
Operative hemorrhage is significant 
would be unwise In such a setting 
prophylactic partial imterruption of 
the inferiar vena cava would avoid 
the inherent problems in heparin 
therapy. Kendricxs and Barnes” re- 
port placing a Meretz clip prophylac- 
tically in 29 patients at the time of 
another operative procedure and 
therapeutically in 71 others. They 
noted four fatal and five nonfatal pul- 
monary emboli but unfortunately 
don’t distinguish between the 
prophylactic and therapeutic groups. 
The prophylactic use of partial vena 
caval occlusion proeedures in small 
groups of patients has been reported 
by several authozs.®:+*-'* 

Gardner” scud.ed 107 patients op- 
erated on ‘or incarable neoplasm. He 
partially occluded the vena cava by 
clips in 37, filters in 38, and suture pli- 
cation in 22. There were no fatal pul- 
monary embo.i after clip application, 
but two wer= seen following filter 
placement and œe possible but un- 
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proved fatal pulmonary embolism oc- 
curred after plication. Fuller and 
Willbanks'* report the prophylactic 
use of the Moretz clip in 88 patients. 
Three patients had small, nonfatal 
pulmonary emboli. 

The absence of fatal pulmonary 
emboli and the solitary, nonfatal em- 
bolus encountered in this group of 65 
high-risk patients suggests that the 
prophylactic staple plication was of 
value. Without treatment, Bottomly 
et al found an incidence of nonfatal 
pulmonary emboli of 4.2% and fatal 
emboli in 1.8% of patients undergoing 
gynecologic procedures. Also, Gard- 
ner” reports fatal pulmonary embo- 
lisms in 7% of 145 patients with neo- 
plasms who were operated on without 
prophylactic treatment. 

Equally important is the observa- 
tion that 57 of the 58 patients in this 
study had a patent inferior vena cava 
following staple plication. It is con- 
ceivable that the solitary caval 





x 2.5-mm 


_Fig 3.—Photograph of 2 
staple and staple cartridge holding 15 
staples. 


thrombosis was due to reduced flow ` 
caused by trapped emboli. Reports of 
caval patency following other meth- 
ods of partial interruption have re- 
vealed much lower figures. Caval 
thrombosis was noted in 40% of 35 pa- 
tients undergoing therapeutic suture 
plication by DeMeester et al'; how- 
ever, Spencer et al” found patency in 
19 of 23 patients undergoing suture 
plication. Bergan et al” report six of 
nine suture plications occluded and no 
occlusion in 11 vena cava filter place- 
ments. Gardner” found a caval occlu- 
sion rate of 11% following filter place- 
ment in 38 patients; 26% occlusion 
following the placement of clips in 37 
patients; and an occlusion rate of 26% 
following suture plication in 32 pa- 
tients. Adams et al" report four of 11 
vena cavas occluded following thera- 
peutic placement of a serrated clip. 
Miles et al'® found a 76% patency rate 
among 34 patients following clip 
placement, while Moretz et al’ report 





Fig 4.—Staple applicator. Cartridge is in 
place on tip of lower jaw. 


Fig 5.—Left, Patent interior vena cavagram taken in anteroposterior projection one 
month postoperative. Right, Patent inferior vena cavagram taken in lateral projection one 


month postoperative. 
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Fig 6.—Lateral inferior vena cavagram 
two weeks postoperative, demonstrating 
trapped embolus distal to plication site. 





Fig 8.—Lateral inferior vena cavagram 
two years postoperative. Same patient as 
in Fig 7. Note slightly dilated but adequate 
vena caval compartments. 


44 of 54 cavas patent following clip 
placement, which is similar to the 84% 
patency rate described by Leather et 
al." 

The high incidence: of well-docu- 
mented caval patency reported in this 
series is indeed gratifying. This re- 
sult may be related to the minimal 
amount of trauma to the vena cava 
that occurs with staple plication. In 
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Fig 7.—Vena cavagram (anteroposterior view). One month postoperative (left). Two years 


postoperative (right). Note slight widening of plication site. 





Fig 9.—Vena cavagram (anteroposterior view). Two weeks postoperative (left). Slightly 
more than two years postoperative (right). Note similar appearance of staple plication site. 


therapeutic partial caval interruption 
procedures there may be a greater 
thrombotic tendency and decreased 
venous flow, since the usual caval in- 
terruption is done in patients with 
clinical thrombophlebitis and a prior 
pulmonery embolism. In procedures 
done prophylactically without a his- 
tory of prior thromboembolic disease, 
there may not be as great a thrombot- 


ic tendency. The low incidence of 
caval thrombosis reported in this 
series no doubt correlates with the 
lack of troublesome edema in the very 
few patients who have experienced 
postoperative edema. 

In experimental animals, dilation 
of staple plicated channels without 
the staples pulling out has been re- 
ported at one year by Sensenig.” 
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Coupland and Eee-e** found dilation 
of suture-pliceteé channels three 
months posteperatively. The dilation 
was due to the sutares pulling out of 
the caval wall. alpert et al** found di- 
lated channels folewing suture plica- 
tion at seven te eight months in dogs. 
Caval dilation rather than suture fail- 
ure was the cause of the significant 
channel enlargement. 

It is not surdrising therefore that 
three of sevem stienis with staple 
plication of the vena cava experi- 
enced enlargement of the plicated 
vena cava compartments when stud- 
ied at one to -hree years. This phe- 
nomenon is me jeubi related to the 
altered flow dynamics and the turbu- 
lence produced >% dividing the cava 
into smaller cor partments. 

It is important te consider the sig- 
nificance of this »bservation. In pa- 
tients undergrime prophylactic caval 
staple plicatien tne greatest risk of 
pulmonary embolism is in the early 
postoperative period Coon and Col- 
ler found im aucopsy patients that 
the highest imsicence of postoperative 
embolism wae m the first 24 hours. 
Within two weeks, Z% of all postop- 
erative pulmerary emboli had oc- 
curred. Venous thrombosis in postop- 
erative patiemts was noted by Gallus 
et al® to occur at a mean interval of 
3.5 days folleviag operation. Coon 
and Willis” fave shown that recur- 
rent pulmonary embolism following a 
prior episode 3f »ulmonary embolism 
is most commer within the first week, 
and falls to significant levels after 
four months. 

It would appear that patients are 
at maximum isk of developing a pul- 
monary embol sn during the early 
postoperative  >%erod (first two 
weeks). Prior stadies**** have shown 
that dilation o7 plicated channels oc- 
curs from 7 te © months postopera- 
tively. In this study vena cavagrams 
performed on »atients within one 
month following staple plication of 
the vena cava neve not demonstrated 
channel enlargement. It would ap- 
pear that stapie plication of the vena 
cava will previde adequate protection 
for the preventpn of pulmonary em- 
boli in the &r y postoperative period 
and for serra. months thereafter. 
This allows Sor adequate prophylaxis. 
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Protection in the therapeutic setting 
for periods longer than five to six 
months is probably less certain. How- 
ever, the optimal duration of protec- 
tion provided by a caval interruption 
procedure is not clear when it is done 
therapeutically following a prior pul- 
monary embolism. If protection in ex- 
cess of five months is not required, 
consideration could be given to the 
therapeutic utilization of staple plica- 
tion to prevent recurrent pulmonary 
embolism. 
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Discussion 


W. ANDREW DALE, MD, Nashville, Tenn: 
The use of a continuous intravenous drip 
of heparin has proved to be so effective in 
controlling venous thromboembolism that 
patients requiring control of the inferior 
vena cava by any of several methods are in 
a distinct minority. 

Retrospective analysis of 211 episodes of 
venous thrombosis, with or without embo- 
lism, showed that only 4.7% were not prop- 
erly controlled. Therefore, it appears that 
only oceasional patients require surgical 
control of the vena cava to stop pulmonary 
embolism. 

Until recently, never having been com- 
pletely convinced that clipping or partial 
interruption was superior to simple liga- 
tion, the latter has been used for the few 
patients where this was needed. The con- 
troversy between “ligators” and “clippers” 
has continued now for a decade, and I see 
no real choice between the two, based on 
the available facts, except that ligation is a 
slightly simpler operative procedure. I 
have used it for 35 patients, with only one 
known embolic episode after operation. It 
was nonlethal. 

The initial description of the inferior 
vena caval filter by Mobin-Uddin caused 
doubt that it would prove to be a clinically 
applicable procedure. However, it can be 
carried out somewhat more simply than li- 
gation of the inferior vena cava and the re- 
sults of those experienced in the technique 
appear to be as good or better than after 
plication or clipping. 
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As of June 1, 1973, the Edwards Labora- 
tories have received reports of 1,492 im- 
plants of the 23-mm filter, and 75 of the 28- 
mm filter, with recurrent embolism in 3%. I 
raised the question to them that perhaps 
these reports are mainly good results, and 
that the manufacturer did not hear of the 
bad results. Edwards Laboratories, how- 
ever, believes that the opposite is true, hu- 
man nature being what it is, regarding im- 
plantable devices and that they ordinarily 
have much more information on bad re- 
sults than on good results. 

In any event, I have used this method to 
replace inferior vena cava ligation in 11 
patients without difficulty due to the filter 
itself, either at that time or later, except 
that two of the patients have developed se- 
vere deep venous thrombosis not unlike 
that which develops following caval liga- 
tion or clipping in some individuals. 

My optimistic view of the Mobin-Uddin 
filter is, I believe, shared by other col- 
leagues in Nashville who have similarly 
placed Mobin-Uddin filters in 22 of their 
patients, to the extent that for some of us 
the procedure has essentially replaced clip- 
ping or ligation of the inferior vena cava. 
Therefore, it is suggested that for the ex- 
perienced vascular surgeon the filter, or 
some modification of it, is likely to replace 
both clipping and ligation, and certainly 
deserves our continued serious consid- 
eration as further results and follow-up 
studies are reported. 

JAMES A. HUNTER, MD, Chicago: With 
the realization that certain patients have a 
need for vena cava interruption, and yet 
cannot tolerate traditional surgery, we be- 
gan to develop an intracaval occlusion de- 
vice more than six years ago. Because of 
our favorable experience with ligation, and 
because we were convinced that a jugular- 
placed intracaval filter would, in most in- 
stances, clot, we concentrated on perma- 
nent, total balloon occlusion. After exten- 
sive animal work, a series of patients have 
had balloon occlusion and the results have 
been most favorable. 

The double lumen catheter has separate 
parts in the handle to inflate the balloon 
and to permit venography during place- 
ment of the balloon. The inflated balloon is 
made in such a fashion that it molds and 
conforms to the size and shape of the cava. 

The catheter is placed through the jugu- 
lar into the iliac vein. A venogram is done 
which outlines the anatomy. The balloon 
is inflated. Another venogram is done 
through the same catheter, confirming 
proper position, and then the balloon is 
separated from the catheter, leaving it 
permanently in the inferior vena cava. 

Over six months’ time the balloon gradu- 
ally and properly deflates, becoming per- 
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manently encased in a scar. 

In one patient who died from cancer a 
year after an occluding balloon was placed, 
the balloon had collapsed and was encased 
permanently in a nonreactive scar. At au- 
topsy a nicely healed and patent inferior 
vena cava was found above the collapsed 
and scar-isolated balloon. 

There are several distinct advantages of 
the balloon occlusion technique. Three of 
them, perhaps, are worth mentioning. One 
of these is that the balloon adapts to any 
size vein. The second is the truth that the 
absence of penetrating pins for fixation 
makes anticoagulation during and after 
placement safe. And third, eventual col- 
lapse of the balloon, plus the absence of 
sharp edges, makes late migration of the 
balloon unlikely. 

NORMAN ROSENBERG, MD, Highland 
Park, NJ: Dr. Ronald Kinnecutter and I 
have been studying yet another simple 
way of partial vena cava occlusion. A hu- 
man vena cava was removed during au- 
topsy and filled with 50% Hypaque at a 
pressure of 10 ml H,O after ligating the 
vena cava over an ordinary Kelly hemostat. 

This demonstrates an effective partial li- 
gation of the human cava by a very simple 
method, the use of a No. 1 silk ligature tied 
over the Kelly hemostat. 

We are currently studying the configu- 
ration of the folds within the cava, as well 
as doing additional work to decide on the 
proper size of the mandrel over which the 
tie is placed. We have not yet used this 
method in a clinical fashion. 

JOHN J. BERGAN, MD, Chicago: Dr. 
Thompson, I rise to comment on Dr. Lind- 
enauer’s thoughtful presentation, which 
continues the fine tradition of study of the 
problems of thromboembolism that have 
gone on at the University of Michigan 
since the work of Drs. Coon, Coller, and 
DeWeese. Dr. Lindenauer very kindly fur- 
nished me with a copy of his manuscript, 
and it contains amplification of some of the 
points that have been brought out. On the 
basis of that manuscript, I would like to 
make one comment and ask two questions. 

First, this is a large number of patients, 
despite the defect of not being a controlled 
study. The follow-up by vena cavography 
in 58 patients is very commendable. This is 
a lot of work, and it gives a lot of informa- 
tion. By accomplishing this vena cavog- 
raphy in these patients, Dr. Lindenauer 
has demonstrated that cava patency, 
which is desirable in a prophylactic oper- 
ation, is achieved. The high rate of cava 
patency is in marked contrast to our own 
experience, reported in 1962, in which we 
compared suture plication of the cava with 
suture filtration with ligation. This was, in 
its way, a controlled study. 
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We found that 60% of suture-plicated 
cavas occluded in the postoperative period. 
The two populations, ours being treated 
for thromboembolism and Dr. Linden- 
auer’s, of course, are not comparable. Ours 
was a group of people with established pul- 
monary emboli, and some of the cava oc- 
clusions in our group were, no doubt, due to 
a trapped clot. Therefore, Dr. Lindenauer 
has shown us that the cava does remain 
patent in the prophylactic patient popu- 
lation. This is important. 

These observations lead us to two ques- 
tions: Why, in this high-risk group with 
iliac vein trauma, history of previous 
thrombophlebitis, and massive procedure 
for cancer, was the incidence of trapped 
emboli so low? The incidence of throm- 
bophlebitis leading to clot formation would 
not have been decreased by the operation. 

I’d like also to ask Dr. Lindenauer to 
give us a ranking of the procedure that he 
describes in relationship to the umbrella, 
the extraluminal clips, or the suture filter 
procedure. 

MILTON F. BRYANT, JR., MD, Atlanta: 
During the past five years we have had an 
opportunity to prophylactically clip the in- 
ferior vena cava in 150 patients, and in 
none of these patients have we had any 
significant complications. They have not 
developed peripheral edema, and as far as 
we can determine, none of them has devel- 
oped any diagnosable pulmonary emboliza- 
tion. 

Initially we used the Moretz clip; in re- 
cent years we have been using the Adams- 
DeWeese clip, which we now prefer be- 
cause it compartmentalizes the inferior 
vena cava. We have not had any experi- 
ence with the stapling device, as described 
by Dr. Lindenauer. However, we look for- 
ward to trying it. 

About four to five months following total 
ligation of an inferior vena cava with silk 
there is development of large collateral 
vessels about the site of the ligature. The 
patient in which this occurred can now de- 
velop recurrent pulmonary embolization. 
One must not assume that just because he 
has ligated the inferior vena cava, he is go- 
ing to protect his patient from ever having 
a pulmonary embolism. These collaterals 
do not develop in patients who have had 
the vena cava clipped—even if the clip 
traps a thrombus. 

Our residents have nicknamed the aorta 
“big red” and the vena cava “big blue.” 
They have been so impressed by prophy- 
lactic clipping of the inferior vena cava 
that they frequently remind each other to 
“think blue,” that is, to put a clip on the in- 
ferior vena cava—before closing the ab- 
dominal wall. 

I think Dr. Lindenauer has been trying 
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to tell us thateclimping of the inferior vena 
cava is a simple. safe, and effective meth- 
od of preventing pos operative pulmonary 
embolism, anê if we perform it more fre- 
quently, it willsar2 us a lot of worry in the 
postoperative pemiod. 

Luis L. Goza Œz. MD, Cincinnati: At 
the University o Cincinnati Medical Cen- 
ter, under the @rection of Dr. Fullen, of 
our Department the use of prophylactic 
inferior vena eara interruption was stud- 
ied in anether group of patients with a 
very high incide=ee ef pulmonary emboli, 
namely, the edealy with fractured hips. 

One hundred twen-y patients were ran- 
domly assigned im a prospective manner ei- 
ther to a comtre group or to the group 
undergoing infersor vena cava filter place- 
ment, using the Movin-Uddin technique. 
The strict objeetivity of the study was 
marred by the faet that 22 patients didn’t 
like the idea ef having their vena cava in- 
terrupted and ræ asel fiiter insertion; we 
were unable so msert filters in an addi- 
tional seven for s=chnicai reasons. 

Considering th= cempiications between 
the two groups 5 this prospective study, 
the groups were rowghly similar, except 
for the incidence o pulmonary emboli, 
which was higher in the control group. If 
we limit eur attention enly to those pa- 
tients who have «=fin te or probable emboli 
by our criteria, tere was a striking differ- 
ence in the incidence of pulmonary emboli, 
2% in the filter greup. and 20% in the con- 
trol group: 

Finally we dic fnd a lewer mortality in 
the filter group (_)% compared to 24% in 
the contro! grour 

The very nature-of oursscudies and those 
of Dr. Lindenauer, in spite of the fact that 
his was not a crospective, randomized 
study, limits statistically significant con- 
clusions, fer man” reasons. We are not ad- 
vocating the use of routine umbrellas in 
every patient with a fraetured hip, but if 
they can be put & sately, they do decrease 
the ineidence of pumonary emboli, and 
possibly even mortality, without signifi- 
cantly increasing morbidity. 

Donatp Sive. MD, Durham, NC: I 
have very serioms reservations about the 
need for propity!setic caval interruption. I 
would like to eoms:des the question—and I 
think this is the-cues-ion this group should 
consider: Is mferiomr vena caval inter- 
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ruption needed very often? 

During the past several years my col- 
leagues and I have been involved in a pro- 
spective study in which caval interruption 
has been utilized only when there were 
very strong contraindications to anti- 
coagulant or fibrinolytic therapy, or when 
embolization recurred during times that 
the patient was “adequately” anti- 
coagulated. All of our patients have ini- 
tially been treated with a program of in- 
tensive medical therapy. 

Three of our 52 patients with docu- 
mented pulmonary embolism died. This 6% 
mortality is probably irreducible, because 
these patients died very soon after they 
were seen. They died as treatment was 
being initiated or while the diagnosis was 
being established. Four of our 52 patients 
have had recurrent embolization. This inci- 
dence of 8% recurrent embolization is sim- 
ilar or lower than that reported after clip- 
ping, ligation, etc. The four patients were 
treated with anticoagulation again and 
have not experienced additional emboliza- 
tion. Three patients who had significant re- 
current embolization while anticoagulated, 
or who could not be given anticoagulants 
because of bleeding, underwent caval in- 
terruption. All survived their surgery and 
none has had recurrent embolization. 
Venous insufficiency has not been in- 
creased by the surgery. 

Our data indicate that intensive medical 
management is a very satisfactory means 
for managing pulmonary embolism. 

Dr. LINDENAUER: I would like to thank 
all the discussants. 

Indeed, prospective studies are nice, but 
when you are dealing with an incidence of 
pulmonary emboli of 6% or 10%, it would 
take a great number of patients to prove 
the point. It would have to be done in some 
kind of cooperative manner. 

The debate about whether to ligate or to 
partially occlude the cava is an interesting 
one, but I think the real issue is pre- 
vention. This has been nicely shown in a 
variety of studies in England by prospec- 
tive, randomized trials with use of low- 
dose heparin therapy. Results of these 
studies kave provided a good insight into 
the whole problem. 

Perhaps prophylactic heparin therapy is 
the answer, but there are obviously certain 
patients who, following extensive proce- 


dures, would be at risk if they were to re- 
ceive heparin. 

Dr. Bergan asked about the low inci- 
dence of trapped emboli? I think it’s hard 
to tell a trapped embolus from a cava that 
is partially or totally occluded due to 
thrombosis, and if one considered the caval 
defects found in the 65 patients as trapped 
emboli, one would have an incidence of 
trapped emboli of about 6%, which is about 
what one would expect. 

Prior to undertaking prophylactic staple 
plication, we did encounter two massive 
emboli among 14 patients who had under- 
gone pelvic exenteration, and this was the 
stimulus to undertake this form of treat- 
ment. 

As far as what procedure I would prefer 
in terms of prophylaxis, I think one has to 
consider a number of things. If one ligates 
the vena cava prophylactically, I think that 
would be a totally inappropriate thing to 
do. If there was a large denuded area in 
the pelvis, the increase in venous pressure 
would cause bleeding from small veins in 
the pelvis, and I would certainly put that 
last. 

Suture plication is appealing, but it 
takes time, and if you struggle for five or 
six hours through a long procedure, adding 
another 20 or 30 minutes to it is perhaps 
more than I would be able to tolerate. 

The clip is easy and rapid and answers 
the additional time objection. I guess I 
have some concerns about placing such a 
large foreign body in an area that is poten- 
tially contaminated. If one transects the 
colon or the genitourinary tract, the poten- 
tial for infection is ever present, and the 
addition of a large foreign body would 
cause me some concern. 

I think the harp grid, or filter, described 
by DeWeese and Hunter, is very appeal- 


ing, except that it, again, represents 20 to ` 


30 minutes on top of a long procedure. 
Staple plication does not involve a large 
foreign body. It can be done rapidly and 
easily, and most important, I think that it 
has demonstrated—at least to my satisfac- 
tion—that it causes no harm. 

I would like to thank Dr. Bryant for his 
comments. He has had a great deal of ex- 
perience with prophylactic clips, and I 
think prophylaxis is really the word. 
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Predictability of Vascular Reactivity 


Relative to Sympathetic Ablation 


James S. T. Yao, MD, PhD, John J. Bergan, MD, Chicago 


Hemodynamic measurements were used 
to establish predictive criteria for deter- 
mining success of lumbar sympathectomy. 
Blood flow was measured by strain-gauge 
plethysmography before and after a-block- 
ade and after sympathectomy in 40 patients. 
Ankle systolic pressure and ankle-brachial 
pressure index were determined in these and 
in an additional 44 cases. Results: a-block- 
ade offers no predictive value to the effect of 
sympathectomy; 60% of patients had either 
false-positive or false-negative results. Level 
of ankle systolic pressure and pressure index 
correlated significantly with effect of sympa- 
thetic ablation. Twenty-six of 27 patients 
with a pressure index <0.205 required sub- 
sequent amputation. All patients with a pres- 
sure index >0.35 responded well to lum- 
bar sympathectomy. Conclusion: Response 
to sympathetic ablation depends upon adequa- 
cy of collateral circulation, which is easily as- 
sessed by the Doppler ultrasound method. 


A physician need not always declare his 
prognosis, but he should always try to 
make one for himself—it decides the treat- 
ment. 

JAMES JACKSON, MD, 1831 


|D lesen the wide acceptance of 
reconstructive surgery for relief 
of peripheral ischemia of the foot or 
toes, lumbar sympathectomy is often 
performed in patients in whom direct 
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arterial surgery is not desirable. 
There is a high level of sympathetic 
tone that causes vasoconstriction in 
vessels of the skin of the foot, and 
sympathetic ablation results in an in- 
crease in blood flow. This is true in 
both experimental animals and in 
man.’ It is not true, however, in 
muscle circulation. 

In clinical practice, the rele of lum- 
bar sympathectomy in treatment of 
ischemia is poorly defined. Berry et 
al’ claimed that sympathectomy al- 
lowed successful conservative ampu- 
tation in 40% of patients whereas 
other authors** considered that it was 
rarely of benefit. Lumbar sympathec- 
tomy was found by Szilagyi et al to 
provide rehabilitation for about 50% 
of patients suffering from rest pain 
or tissue ischemia, but they did not 
advise employing the procedure to 
lower the level of amputation. Others 
have found prognosis difficult, and 
the place of lumbar sympathectomy 
in treating limb ischemia is unsettled 
even after 50 years of surgical experi- 
ence.°* 

Conflicting results reported by 
various authors may be due to lack of 
objective methods for quantitating 
limb ischemia. Some attempts to 
grade ischemia have been used. 
Ankle-pressure measurement by ul- 
trasound has been of particular 
value.‘ Since ankle pressure reflects 
the functional reserve of collateral 
circulation, it is conceivable that a re- 
sponse to sympathetic ablation may 
be related to the presence er absence 
of this collateral circulation. There- 


fore, the present study was under- 
taken (1) to simulate the effect of 
sympathectomy by pharmacological 
vasodilation in order to predict effi- 
cacy of surgical sympathectomy, (2) 
to correlate response to sympathec- 
tomy with the amount of collateral 
circulation as determined preopera- 
tively by the ankle systolic pressure, 
and (3) to cross-correlate predict- 
ability of the two methods in order to 
develop predictive criteria to aid in 
selecting patients for surgical sympa- 
thetic ablation. 


Materials 


Eighty-four patients with severe tissue 
ischemia, rest pain, or pregangrenous 
changes of the foot or toes in whom direct 
reconstructive surgery was not considered 
feasible were included in the study. Sixty- 
four were male and 20 were female, with 
ages ranging from 41 to 75 years. All pa- 
tients had occlusive arterial disease affect- 
ing the lower extremities documented by 
translumbar or transfemora! arteriogra- 
phy. The follow-up period ranged from one 
to three years after operation. Removal of 
the lumbar sympathetic chain from L-2 to 
L-4 was done in all patients, and all speci- 
mens were confirmed by histelogie study. 


Methods 


Vasodilating Technique.—Skin (foot) rest- 
ing blood flow was measured by the venous 
occlusive method using a strain-gauge 
plethysmograph in a constant-temperature 
room (22 to 24 C) after one hour of absolute 
rest. The equipment was similar to that de- 
scribed by Myers.*° The gauge applied 
to the foot measured flow predominant- 
ly through the skin because muscle flow 
through the foot is rather sparse. 
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Blood fow value was expressed in mil- 
limeters >er 10C mJ of tissue per minute 
and calemated br the method of Whitney." 
Prior to lumba- sympathectomy, an a- 
blocking agent, moxisy’yte hydrochloride 
(Opilon) «1 mg/S0 kg weight) was injected 
intravencusls. Besting skin flow measure- 
ments were mate before and after admin- 
istration of the vasadilatmg drug. Postop- 
erative skin flow measurements were made 
six to seven ay= after the surgical proce- 
dure. A favoralse response to surgery was 
predietec if the bleod fow following ad- 
ministra-ion of the vasodilating drug in- 
creased more thar 50% of the resting 
value. 

Doppler Ultrasnund.— Ankle systolic pres- 
sure was measured by the Doppler ul- 
trasound methec as previously reported.” 
In brief, with t= u ef the flow probe as a 
stethosecpe ever the posterior tibial and 
dorsalis pedis arteries, audible signals 
were obcained, even when pedal pulses 
were absent bj palpation. Flow velocity 
patterns. were r2corded on a strip chart. A 
blood pressure ctf was then applied 
around the ankle ebeve the malleoli and 
inflated to a pressare above that of the 
brachial artery Ankle systolic pressure 
was determimed at the level at which flow 
signals -eturne: curing the subsequent 
deflation of the euf. 

The pressure index was calculated by di- 
viding tre anki svstolie pressure by the 
brachial systolic pressure as originally sug- 
gested ky Winsor.’ 

Clinical Findags—The clinical results 
were jucgee te de favorable if there was 
relief of ischemic dain, healing of ulcers, 
and avozlance cf major amputation. Unfa- 
vorable ~esuits acladed patients with ulti- 
mate amputation or no relief of symptoms. 
Also induded m the group elassified as 
unimproved were patients who continued 
to have discomfrt and-required analgesics 
despite evideme cf diminished ischemic 
changes 


Predictability cf Vasodilation.—Skin 
blood fow wes measured before and 
after moxisytyte a-blockade and af- 
ter lur bar s;mpathectomy in 40 pa- 
tients. In einat patients, a measur- 
able increase im skin blood flow 
(>50%) afser pharmacological block- 
ing allcwed cerrect prediction of a fa- 
vorable resui from surgical sympa- 
thectony. Similarly, in eight patients 
a correet prediction ef no benefit from 
sympathector-y was possible by the 
drug-ir duced alpha blocking (Fig 1). 
Overal. comressec predictability of the 
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Fig 1 —Skin blood flow (foot) in eight patients before and after sympathetic blockade by 
pharmacological means and surgical ablation. A positive response is designated as an in- 
crease of flow after stimulation by the vasodilating agent and following lumbar sympathec- 


tomy. 


test was therefore 16 of 40 patients 
(40%). 

Positive results were noted in eight 
patients; negative results were also 
noted in eight patients. False-nega- 
tive results were observed in 16 pa- 
tients (40%). These were seen as no 
change or actual decrease of flow in 
response to vasodilator stimulation 
but increased flow after sympathec- 
tomy. Similarly, false-positive results 
of alpha blocking were seen in eight 
patients (20%) when an increase in 
blood flow was measurable after the 
pharmacological agent, but no in- 
crease in blood flow developed after 
sympathectomy. 

Ankle Pressure Index.— Eighty-four 
patients were examined by ul- 
trasound to determine their ankle 
blood pressure. Ankle pressure index 
was found to be unrelated to extent 
of tissue necrosis or to nature of the 
initia! complaint. Ten patients with 
gangrene or pregangrene of cutane- 
ous ulcers had a pressure index of 
more than 0.25 while 14 patients with 
rest pain and no necrosis had an in- 
dex of less than 0.20. The mean pres- 
sure index in the 84 patients was 
0.204 {P = <.001). 

Forty-nine patients had a favor- 
able response to sympathectomy. 
Thirty-seven of these (78%) had an 


ankle pressure index of greater than 
0.25 (Fig 2). There was no correlation 
of results of sympathectomy with 
presence or absence of gangrene or 
ulceration, but there was a close cor- 
relation with ankle pressure index. 
All but one patient with a favor- 
able response had a pressure index 
greater than 0.25. 

Twenty-seven patients required 
major amputation within six months 
of sympathectomy. Twenty-six pa- 
tients had an ankle pressure index 
less than 0.20, and eleven had no de- 
tectable ankle blood pressure or flow. 
In all, there were 36 patients with an 
ankle pressure index of less than 0.20, 
25 (70%) of whom required amputa- 
tion. 

Correlation of Vasodilation and Pres- 
sure Index.—All 40 patients studied by 
the vasodilation test had ankle pres- 
sure index testing before and after 
sympathectomy. In eight patients 
with a favorable increase in blood 
flow after f-blockade and surgical 
sympathectomy, an ankle pressure in- 
dex of greater than 0.35 was found. 
This level of pressure would in itself 
have served to predict sympathec- 
tomy success. Similarly, in the eight 
patients with normal results from a 
pharmacological test and with unfa- 
vorable surgical sympathectomy re- 
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Fig 2.—Analysis of ankle systolic pressure index relative to results of lumbar sympathec- 
tomy in 84 patients. Ultimate amputation was necessary in patients with a pressure index 


of less than 0.205. 


sults, all had an ankle pressure index 
of less than 0.205. These patients all 
required major amputation despite 
sympathectomy. In the group of 24 
patients with false-negative and 
false-positive results after drug vaso- 
dilation, those with a pressure index 
of greater than 0.35 had a favorable 
result from sympathectomy. Thus, in 
this group of patients, the ankle pres- 
sure index was more accurate than 
the vasodilating test in predicting 
success of the sympathectomy. 


Comment 


Since sympathectomy is not as dra- 
matic as arterial reconstruction in 
causing increase in acral arterial 
flow, there has been interest in devel- 
oping methods for use in selection of 
patients for the procedure. Many 
techniques attempting to simulate 
the effect of sympathectomy have 
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been reported. These include measur- 
ing skin temperature after reflex 
heating, peripheral nerve blocks, 
sympathetic block, epidural, spinal, 
and general anesthetics, and vaso- 
dilator drugs.'* Myers and Irvine" 
combined a hyperemic test with 
strain-gauge plethysmography and 
reported a high degree of correlation 
between peak flow during hyperemia, 
time of improvement after sympa- 
thectomy, postoperative resting flow, 
and clinical response. The test was 
time-consuming and found little clini- 
cal application. Arteriography may be 
of value in prediction of sympathec- 
tomy success.’ However, a favorable 
prognosis for sympathectomy is usu- 
ally seen in a patient with short 
duration of symptoms and occlusion 
mainly in the superficial femoral ar- 
tery or the popliteal artery." It is this 
type of patient who also is improved 


after femoropopliteal artery recon- 
struction. 

Sympathetic control of the skin is 
chiefly mediated by a-receptors and 
vessels supplying the muscular bed, 
B-receptors.'® By blocking the a-re- 
ceptors, results similar to sympa- 
thetic ablation can be achieved. The 
use of an a-blocking agent in this 
study was based on this presumption. 
However, the results obtained were 
equivocal. This test was similar to 
others reported previously in that a 
poor test response was frequently fol- 
lowed by a good result after sympa- 
thectomy. The preoperative vasedilat- 
ing test was of value in predicting the 
effect of lumbar sympathectomy in 
only 40% of patients. In the remain- 
ing 60%, a false-positive or false-neg- 
ative result was obtained. Possible 
explanations for failure of the 
method are numerous. For example, 
resting skin flow correlates poorly 
with degree of ischemia." Therefore, 
the use of resting skin flow alone can 
be misleading. Circadian variation of 
resting flow of the foot, reported by 
Kaneko et al may contribute to the 
variation of flow on a daily basis more 
than the effect of the operation. 

One of the most important consid- 
erations in predicting the effect of 
lumbar sympathectomy is whether or 
not nervous factors are involved in 
the initiation of vasodilation of the 
collateral vessels. Reports in the liter- 
ature on this subject are contradic- 
tory. Mulvihill and Harvey,” and 
Longland” reported that sympathec- 
tomy increased the rate at which col- 
laterals dilate. Shepherd”: found that 
interruption of vasomotor tone also 
resulted in a more rapid collateral 
vasodilation. On the other hand, 
Flasher and his colleagues” observed 
that sympathectomy had no effect on 
collateral circulation. It is noteworthy 
that the above studies were acute ani- 
mal experiments. 

In addition to the effect of anes- 
thetics on peripheral blood flow, the 
behavior of normal healthy arteries 
may not be completely analogous to 
that seen in chronic, occlusive arterial 
disease. In a study of collateral arte- 
rial resistance in human lower limbs, 
however, Ludbrook** has found that 
collateral arteries provide nearly 90% 
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of resstamee n patients with rest 
pain. In four of nime patients, collat- 
eral resistamee was lower after sym- 
pathetic biockade. This incicates that 
a majcr part of the collaterals was 
dilatable. 

Prev ous studies have shown that 
the anxle præ==sure index correlated 
well wth the degree of ischemia as 
well as the xcllateral circulation.’ 
The hizher the ankle systolic pres- 
sure, the better the eollateral flow and 
the less the ischemia. It wculd appear 
that arterial cressure level, the de- 
gree o- func..enal reserve of collat- 
eral circulation dictated the response 
to sym atnet e ablation. As shown in 
this study. if th2 pressure index is less 
than 025. a favorable response to 
sympathetic denervation s unlikely. 
This finding = n agreement with the 
observetion œ False et al” that a sig- 
nificant inerease in blood flow follow- 
ing sympathbe-ic denervation was 
present im patients with good collat- 
eral developraent. Although mecha- 
nisms nespor: ble fer the dilation of 
collateral vessels are multiple, the 
further impli=ztien of this study is 
that there is, m fact, a critizal level of 
ankle systolic pressure that deter- 
mines siccess* the operation. This is 
clearly demomstrated. Lumbar sym- 
pathectomy wes net useful in pa- 
tients whe hac unrecordablke flow and 
pressur2 in their pedal arteries. These 
were aso pæ ents with the poorest 
collateral blead flew. 

Wher the mesults of ankle systolic 
pressur2 measurement are correlated 
with the vasod lating technique, the 
ultrasound meched gives a better 
prognostic vaime. Those patients who 
had positive respense to tae vasodi- 
lating stimule=on test all had pres- 
sure index af greater than 0.35, a 
level that woul serve to predict good 
results “rom the operation. The pres- 
sure index wes less than (205 in all 
patients who had a negativ2 response 
to the vasodike-ing stimulation test. 
All of these patients subsequently un- 
derwen- ampctation. Regardless of 
whether the tient had false-posi- 
tive or negative reactions to the 
vasodilzting test, a pressure index 
greater than 335 was folowed by 
symptomatic welief after the oper- 
ation. From these results, it becomes 
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apparent that ankle systolic pressure 
measurement is far superior to the 
cumbersome vasodilating test. 

The ankle pressure measurement 
provides a method of classification of 
the degree of foot ischemia. Patients 
with toe gangrene or superficial ulcer, 
with adequate ankle pressure, have 
been a better prognosis than those 
patients without signs of tissue is- 
chemia but with a low pressure index. 
This observation suggests that the 
ankle pressure index accurately mea- 
sures acral ischemia, and the clinical 
observation that rest pain is associ- 
ated with less ischemia than gan- 
grene may be erroneous. Classifying 
limb ischemia by the observed pres- 
sure index would, therefore, be more 
accurate than by degree of rest pain, 
ulceration, or gangrene. 

Undoubtedly, various factors such 
as progression of disease, failure to 
abstain from tobacco, and ischemic 
neuritis influence the ultimate out- 
come in any given patient. Never- 
theless, measurement of ankle sys- 
tolic pressure and comparison with 
the brachial systolic pressure provides 
a reliable, objective prediction of re- 
sponse to sympathectomy. This study 
shows that value of the operation cor- 
relates with the degree of ischemia; 
that is, the adequacy of collateral cir- 
culation. In the absence of recordable 
pressure and flow in the posterior ti- 
bial, dorsalis pedis, or tarsal arteries, 
sympathectomy is not advisable. In 
patients with high surgical risk, such 
a finding may aid in making the deci- 
sion not to submit the patient to an 
operation that would be unlikely to 
succeed, thus avoiding an unneces- 
sary surgical adventure. 


This investigation was supported in part by a 
grant-in-aid from the Chicago Heart Associa- 
tion, by the Northwestern University Vascular 
Research Fund, and by a Blood Flow Research 
Fund contributed by Peter Rosi, MD. 
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Discussion 


DONALD E. STRANDNESS, JR., MD, Belle- 
vue, Wash: Thank you, Dr. Thompson. 

Of all the operative procedures employed 
to improve limb blood flow, none is so 
poorly understood or so indiscriminately 
applied as lumbar sympathectomy. One 
fact that appears certain is that sympa- 
thectomy will in some patients increase 
skin blood flow and relieve ischemic rest 
pain. If the operation is applied to all pa- 
tients with ischemic rest pain, approxi- 
mately one half will have immediate relief 
of this disabling symptom. 

Sympathectomy will work only if the 
resting resistance to flow in the foot can be 
reduced, and if the perfusion pressure is 
adequate to increase the flow across the oc- 
cluded segments via the collateral arteries. 
The studies reported by Drs. Yao and Ber- 
gan correlated the clinical results with pre- 
operative measurement of foot blood flow 
with vasodilation induced by moxisylyte 
and estimation of the perfusion pressure 
as expressed by the arm-to-ankle systolic 
pressure ratio. As shown, the clinical re- 
sults correlated best with the ankle pres- 
sure index; in fact, in their paper, all pa- 
tients with an index of greater than 0.35 
had a favorable result. 

One question that must be answered is 
why the flow response to the alpha blocker 
was such a poor predictor of the clinical re- 
sult. A possibility is that the generalized 
vasodilation induced by the vasodilator 
drug dropped the systemic pressure, thus 
effectively reducing the potential energy 
available to perfuse the ischemic foot. An- 
other explanation might be that originally 
described by DeBakey and termed hema- 
tometakinesia, a situation in which the 
flow increase is appreciated by the normal 
areas and, in part at least, at the expense 
of the ischemic limb. 

However, the above possibilities do not 
explain the false-positive results in cases 
in which a local flow increase occurred with 
the blocking agent, yet the patient failed 
to obtain a good result. I wonder if Dr. Yao 
has any thoughts about this particular 
group of patients. 

I enjoyed the presentation and the pa- 
per. The results certainly agree with what 
we’ve found. Lumbar sympathectomy in 
our area is not an operation that has com- 
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pletely disappeared, but it certainly is not 
one that is commonly performed, and I 
think objective criteria in the selection of 
patients are obviously valuable. Thank you 
very much. 

Mr. FELIX Eastcott, London: Dr. 
Thompson and gentlemen: First let me ex- 
press my great pleasure and privilege in 
being at my first meeting of this distin- 
guished society. It’s also a great pleasure 
for me to speak in support of the work of 
Jim Yao, which began at St. Mary’s some 
three or four years ago. The impetus of his 
enthusiasm and insight into this difficult 
field has lasted, and we’re still working on 
it. This, I think, is one of your expressions. 
We're still working on it. 

As it happens that the privilege of the 
floor was totally unexpected, sir, I am un- 
prepared to the extent that the slides that 
I would have shown this morning are rest- 
ing on the 26th floor of the Holiday Inn, 
and so I will limit myself to a couple of 
philosophieal observations; and again, the 
privilege of a foreigner might be allowed 
to look at it from 3,000 miles to the east, 
and say that the way it strikes me this 
morning is that somebody like me, who is 
practically fireproof, should say that the 
perspicacity and the skills and devotion 
of North American vascular surgery, the 
breast at which I suckled some 20-odd 
years ago, this morning takes on an aspect 
that I feel I just ought to moderate, if I 
may be allowed that privilege, sir. 

One, of course, is the mere mention of 
low-dosage heparin sodium in the pre- 
vention of pulmonary thromboembolism. 
This is work that continues, as several 
speakers have so graciously mentioned, in 
King’s College Hospital and St. Mary’s 
Hospital, London, and so far as we can see, 
on a rather different group of patients 
from those severe exenteration cases. So 
far as we can see, the incidence of deep- 
vein thrombosis has been reduced from 
about 25% in a controlled series to about 1% 
in the treated series. 

It looks rather, gentlemen, as though 
heparin may win after all, in spite of clips 
and plications, and so on. 

The other matter is about sympathec- 
tomy, in which a very parallel argument 
does exist. This a long-tried and well-es- 
tablished operation, but it will not heal 
up a gangrenous black forefoot; and, of 
course, that is what some of the patients 
with rest pain have. We can’t expect that 
to happen. 

This discriminant of the 0.5- and 0.2- 
pressure index at the ankle that Dr. Yao 
has mentioned is, in fact, the one that we 
have been observing at St. Mary’s since he 
left, and it is serving as a very good dis- 
criminant; but the cases are those cases 


limited to rest pain, and essentially not 
those with digital gangrene, and certainly 
not those with gangrene extending into 
the forefoot. 

Professor John Lewis, who has been con- 
tinuing in the blood flow lab at St. Mary’s 
since Jim Yao left, has recently reported 
his further results in the sequential study 
of patients with rest pain being considered 
for sympathectomy, and in addition to con- 
firming the results that Jim Yao has shown 
us this morning, he has also followed up 
other patients for periods of six months 
before sympathectomy, and, looking back 
at those two groups of patients—those that 
did eventually have to have amputation 
and those that eventually went on to clini- 
cal remission—he found that with the dis- 
criminant of 0.2, those who started with an 
ankle index above that before operation 
were entirely free from amputation in the 
24-month follow-up, and those that started 
below that had an incidence, I think, of 
something like 75% or 80%, if I recall, of 
amputation after the sympathectomy. 

I think gentlemen, that when we are 
thinking of joining the abdominal aorta to 
the dorsalis pedis, or something of that 
sort, we ought to remember that much 
simpler operation of lumbar sympathec- 
tomy. And the reason, gentlemen, probably 
why England looks at it this way is that we 
are an underprivileged nation. We have 
smaller operating theatres, lots to do, little 
time, and simple measures, when they 
work, are usually adopted. Thank you very 
much, sir, for the privilege of the floor. 

Dr. BERGAN: Dr. Yao has asked me to 
thank Dr. Strandness and Mr. Eastcott for 
their kind remarks. It’s difficult to follow 
Mr. Eastcott whom we respect so much. 

As Dr. Strandness pointed out, the alpha 
blocking test is cumbersome, unreliable, 
and has many side effects. The systemic 
pressure didn’t happen to drop in this 
group of studied patients, but this is 
enough to discourage one from doing the 
test. 

What the paper does say, as Mr. East- 
cott has pointed out to us, is that ul- 
trasound measurement is with us. It’s clin- 
ically applicable, and is useful in selecting 
therapy for patients. It helps to determine 
the prognosis. | 

Also, a side benefit of the study that Dr. 
Yao performed was that collateral circula- 
tion is measurable by ultrasound ankle 
pressure. We have also learned that there 
isn’t a simple clinical gradient from claudi- 
cation to rest pain to grangrene. Instead, 
many patients with rest pain, without gan- 
grene, have far worse ischemia than those 
with gangrene. Thus, this test gives objec- 
tive criteria for selecting therapy for each 
patient. 
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Modification of Myocardial Infarct Volume 


An Experimental Study in the Dog 


William S. Pierce, MD; Donald R. Carter; Malcolm H. McGavran, MD; John A. Waldhausen, MD, Hershey, Pa 


An experimental model was developed to 
study the direct effect of propranolol hydro- 
chloride on myocardial infarct volume as 
produced by a standard coronary artery liga- 
tion. A ligature was placed around the left 
anterior descending coronary artery at the 
bifurcation of the apical branch in 21 dogs 
with normal coronary artery distribution. 
Propranolol hydrochloride (1 mg/kg) was 
administered intravenously to nine of the 
dogs one hour after ligation. Six hours after 
ligation, the left ventricle was sliced and in- 
cubated in nitro blue tetrazolium solution. 
The nonstained muscle was excised and 
weighed. In this model, the use of a f-adre- 
nergic blocking agent decreased the myocar- 
dial infarct volume by 34%. Such an agent 
may have a place in the treatment of certain 
patients with myocardial infarction in order 
to decrease the extent of muscle damage. 


682 Arch Surg/Vol 107, Nov 1973 


ropranolol hydrochloride has 

been demonstrated to be useful 
in the treatment of patients with an- 
gina pectoris.’ Relief of pain is a re- 
sult of a decrease in myocardial con- 
tractility combined with a decrease in 
heart rate, both of which result in a 
reduction in myocardial oxygen utili- 
zation.’ On theoretical grounds, pro- 
pranolol therapy has been suggested 
to be of use in patients who have sus- 
tained a myocardial infarction. How- 
ever, several carefully controlled 
studies have now shown that routine 
propranolol therapy does not affect 
the overall mortality following a 
myocardial infarction, and the use of 
the drug in this condition is presently 
limited to the control of certain ar- 
rhythmias.** 

Maroko and his associates’ have 
suggested recently that propranolol 
may have a definite role in the treat- 
ment of myocardial infarction by fa- 
vorably influencing the extent of tis- 
sue damage. Their conclusion was 
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drawn from changes in the magni- 
tude and extent of S-T segment ele- 
vation measured with epicardial elec- 
trodes and from the levels of 


myocardial creatine phosphokinase 


activity in myocardial specimens 
from areas of ischemic canine myo- 
cardium before and after propranolol 
treatment. This report describes the 
technique employed and results of an 
experiment designed to study the di- 
rect effect of propranolol on myocar- 
dial infarct volume as produced by a 
standard coronary artery ligation in 
the dog. 


Methods 


Conditioned mongrel dogs, weighing 16.8 
to 22.7 kg, were studied. Anesthesia was 
provided by pentobarbital sodium (25 
mg/kg). An endotracheal tube was in- 
serted and ventilation performed with a 
positive-pressure respirator using room 
air. A left, fifth-intercostal-space thora- 
cotomy was employed. The left anterior 
descending (LAD) coronary artery was ex- 
posed and studied. Only dogs having a nor- 
mal LAD coronary artery distribution 
were used for this study. Normal LAD cor- 
onary artery anatomy was considered to 
be present when there were one or two left 
ventricular branches of the LAD coronary 
artery above an apical branch.’ The apical 
branch and terminal portion of the LAD 
coronary artery (ie, LAD coronary artery 
below the origin of the apical branch) were 
about equal in caliber and length. The ori- 
gin of the apical branch occurred from the 
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Fig 1.—Nerma amatomy of left anterior descending (LAD) coronary artery of dog. One or 
more left vemtacular (LV) branches arise above apical branch. Apical branch arises from 
lower end of mddiethird of LAD coronary artery. This anatomy is present in 75% of canine 


hearts. Positiom of zies is indicated. 


lower end of the middie third of the LAD 
coronary artery (Fig 1). Dogs with LAD 
coronary artemy anatomy that did not con- 
form to this pattem were not suitable for 
inclusion im tis study. In suitable dogs, 
one ligature was placed, but not tied, 
around the main LAD coronary artery, 
just preximal to the origin cf the apical 
branch, and a second was placed around 
the origin of the apical branch. Systemic 
arterial pressure, monitored with a pres- 
sure trenseucer, and a limb lead electro- 
cardiog-am (ECG) were recorded contin- 
uously en a reverd_ng oscillograph. 

Prior to versnar? artery ligation, a com- 
plete limb leæ ECG was recorded. A pH 
and bloed gasal2te-mination were made to 
aseertam acequate acid-base and respira- 
tory status: The two coronary artery liga- 
tures previously pExced were securely tied. 
After ene hear, she complete limb lead 
ECG was repeated. The dag was then 
given heparinsediam (3 mg/kg). Either so- 
dium chloride solution or prepranolol hy- 
drochlomide (i mg/kg) was administered 
intravenously The experiment was contin- 
ued for a wetal of six hours following the 
coronary artery igation. Az that time, 
another complete limb lead ECG was re- 
corded, and tie dcg was killed. - 

The heart was immediately excised and 
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weighed after extraneous fat had been re- 
moved. The atria, pulmonary artery, and 
aorta were excised and the weight of the 
ventricles was obtained. The free wall of 
the right ventricle was excised and the left 
ventricular (LV) weight was obtained. The 
ventricle was carefully sliced in bread-loaf 
fashion into l-em thick slices and incu- 
bated in nitro blue tetrazolium (NBT) solu- 
tion, prepared by mixing one part 1M 
phosphate buffer, and eight parts distilled 
water at 37 C for 20 to 30 minutes.’ The 
slices were then removed from the incuba- 
tor, and the nonstaining muscle was care- 
fully excised and weighed. A deep blue 
color develops where intracellular dehy- 
drogenases exist (undamaged muscle). The 
excision of the nonstaining muscle was 
done by the same person in each instance 
who was unaware of whether the dog had 
been treated or was a control. 


Results 


Thirty-four dogs had a thoracotomy 


for this study; ten dogs were unsatis- - 


factory for use because of the anat- 
omy of their coronary arteries. All 
dogs who had coronary artery liga- 
tion performed had evidence of elec- 
trocardiographic abnormalities one 


hour and six hours after ligation. “SN 


These abnormalities consisted of loss 
of R wave, S-T segment elevation, 
and inverted or diphasic T waves in 
leads I and AVL. Arrhythmias, par- 
ticularly ventricular premature con- 
tractions, were commonly seen. One 
dog developed ventricular fibrillation 
(VF) in the first hour after the coro- 
nary artery ligation. Two dogs devel- 
oped VF later in the study, one of 
which was in the treatment group. 
Twenty-one animals completed the 
study. 

The mean systemic arterial pres- 
sure in the untreated group was 
117 +6 mm Hg prior to coronary ar- 
tery ligation, 112+6 mm Hg one 
hour after ligation, and 98 +7 mm 
Hg six hours after ligation. Mean 
heart rates were 176+9 beats per 
minute, 176 + 9 beats per minute, and 
169 +6 beats per minute, respec- 
tively (Table 1). The mean systemic 
arterial blood pressure in the treated 
group was 118 +6 mm Hg prior to 
coronary artery ligation, 123 +7 mm 
Hg one hour after coronary artery li- 
gation and just prior to propranolol 
treatment, and 99+8 mm Hg six 
hours after coronary artery ligation 
and five hours after propranolol treat- 
ment. Mean heart rates in the treated 
group were 167 + 11 beats per min- 
ute, 173 +7 beats per minute, and 
153 +8 beats per minute, respec- 
tively (Table 1). 

All dogs were found to have non- 
staining myocardium by the NBT 
method (Fig 2). The infarct was, in 
general, homogeneous and confined to 
the LV myocardium. In a few in- 
stances, the infarct was patchy with 
areas of stained myocardium sur- 
rounded by nonstained areas. In all 
dogs, the infarct began 0 to 5 mm be- 
low the point of ligation of the LAD 
coronary artery. In this region, the 
infarct was generally subendocardial 
and limited to the anterior LV wall. 
In sections of myocardium stained 
more distal from the point of ligation 
of the LAD coronary artery, the in- 
farct was seen to extend to the dia- 
phragmatic and lateral LV walls and 
to become transmural. In no heart 
was there involvement of the right 
ventricle in the area of infarction. Af- 
ter some practice, it was not difficult 
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Point, cm Mean Arterial Pressures, mm Hg 


Before 


No. kg LAD Length Ligation 
49936 17.5 4.3/6.0 150 
49133 19.3 5.0/9.5 83 
47454 21.4 3.0/6.5 108 
49698 19.3 4.5/7.0 130 
48789 19.6 5.5/8.5 135 
49149 21.8 2.0/8.4 110 
47440 22.7 4.5/9.0 145 
49829 19.6 3.5/7.0 104 
49974 20.0 4.0/8.0 135 
48797 19.5 3.5/7.5 100 
53062 18.2 4.5/7.0 97 
52519 20.5 4.2/9.0 110 

Mean 19.9+0.4 4.04£0.3/ 117=6 


SE 7.8£0.3 
46425 19.6 3.5/7.5 137 
48127 20.0 3.0/8.5 118 
50054 17.9 4.2/8.5 135 
49890 20.0  #£32.2/8.0 82 
50156 16.8 4.5/9.0 105 
52403 18.7 4.0/7.0 120 
54764 20.0 5.0/9.0 130 
52017 5 6.2/9.4 105 
51618 21.8 5.0/9.5 130 

Mean 19.550.5 4.350.3/ 118+6 


Table 1.—Hemodynamic Factors and Infarct Weights Following LAD* Coronary Ligation in the Dog 


1-hr Post- 6-hr Post- Before 1-hr Post- 
ligation ligation Ligation ligation 
Control Group 
114 76 200 190 
75 75 115 155 
103 100 220 210 
135 100 210 210 
138 133 152 150 
127 88 160 172 
143 130 215 230 
120 84 160 185 
98 95 205 180 
100 60 165 160 
80 65 150 140 
B20) 115 165 135 
112+6 93+7 176+9 176+9 
Propranolol-Treatedt Group 
132 83 180 180 
132 125 170 190 
140 103 200 200 
82 62 160 180 
100 80 150 180 
110 110 230 175 
143 137 140 130 
135 93 135 145 
138 100 140 180 
123+7 99+8 167+11 173+7 


Heart Rate, Beats per min 





Infarct 
LV Infarct Weight/ 
6-hr Post- Weight, Weight, 100 gm 
ligation gm gm LV 
150 101.0 19.5 19.0 
140 127.5 15.0 11.4 
190 94.0 11.2 11.5 
200 103.8 6.4 5.9 
165 88.7 10.3 11.1 
140 86.2 10.5 11.8 
195 110.5 13.9 12.1 
185 102.5 14.7 14.1 
165 94.5 7.6 78 
185 116.8 14.6 12.4 
165 78.6 9.1 11.1 
150 97.1 12.1 12.5 
169+6 100.1+3.9 12.1+1.1 11.7=0.9 
130 88.6 LZ 1.8 
175 98.8 7.9 79 
140 105.5 14.6 13.8 
130 120.9 11.0 8.8 
160 90.3 8.1 8.7 
200 97.9 5.2 -§3 
140 82.1 5.9 7.2 
140 104.2 9.3 8.8 
165 103.4 8.5 8.2 
153+8 99.1+3.8 8.01.2 7.8=1.1 


* Abbreviations: LAD indicates left anterior descending coronary artery; LV, left ventricle; and SE, standard error of the mean. 
t Propranolol administration: 1 mg/kg, one hour postligation. 


to excise a three dimensional section 
of muscle from each slice that accu- 
rately represented the volume of non- 
stained myocardium. 

The weight of the nonstained myo- 
cardium in the nontreated group 
ranged from 5.9 to 19.0 gm/100 gm of 
LV (mean, 11.7 + 0.9 gm/100 gm LV) 
(Table 1) while the weight of non- 
stained muscle in the propranolol- 
treated group ranged from 1.1 to 13.8 
gm/100 gm of LV (mean, 7.8 + 1.1 
gm/100 gm LV) (Table 1). The effect 
of propranolol treatment is shown 
graphically in Fig 3. Propranolol 
treatment decreased the volume of 
the infarcted myocardium by 34%. 
Statistical analysis was performed 
with the use of a one-sided students t 
test with a P value of <.01. 


Comment 


Ideally, it would be possible to 
study a myocardial infarct in the dog 
and use each animal as its own con- 
trol. However, a true myocardial 
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infarction is, by definition, not revers- 
ible, and careful autopsy examination 
is required to delineate the precise 
size of the infarct. Thus, the investi- 
gator must employ either indirect 
methods to indicate myocardial cell 
derangement, as S-T elevations noted 
in epicardial ECGs in the studies by 
Maroko and his associates,’ or direct 
methods of producing an infarct and 
use a statistically significant group of 
dogs to serve as the control. A num- 
ber of investigators have employed 
selective canine coronary artery liga- 
tion to produce a standard myocardial 
infarction and then employ a phar- 
macological or mechanical interven- 
tion to modify the infarct volume.*® 
In most instances, occlusion of the 
LAD coronary artery at a measured 
distance from the origin is per- 
formed, the origin being avoided be- 
cause of the high incidence of ventric- 
ular fibrillation associated with 
sudden, main LAD coronary artery 
occlusion. However, wide variation 


has been observed in the size of the 
resulting infarction. Craig and 
Learned’ have pointed out that there 
is a standard pattern of branching of 
the LAD coronary artery present in 
75% of dogs. These workers also sug- 
gested that ligation of the main LAD 
coronary artery just before the origin 
of the apical branch in these dogs 
with standard anatomy would result 
in a uniformly sized myocardial in- 
farction. The precise origin of the api- 
cal branch varies from dog to dog. Li- 
gation of the LAD coronary artery at 
a measured distance from its origin 
may, in one instanee, include the api- 
cal branch while in another instance 
will not include this branch. Thus, it is 
apparent why considerable variation 
in infarct size has been seen. Wart- 
man et al subsequently studied the 
effect of adrenocorticotrophic hor- 
mone on myocardial infarction 
weight using the technique of coro- 
nary artery ligation proximal to the 
apical branch in dogs with standard 
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Fig 2.—Dog s Ett ventricie was sliced in sections, starting 1 cm above ligature on LAD cor- 
onary artery. 4eaithy muscle turns blue while damaged muscle doesn’t stain. Highest slice 
(upper left) al s=ined blue. Second slice (upper right) shows a portion of silk tie on LAD 
coronary artery. Monstaining muscle is present in subendocardial portion of anterior wall 
and a small pərtan of septum. Third slice (lower left) shows more extensive damage in an- 
terior wall and sectum. Fourth and fifth slices (middle and lower right) demonstrate almost 
total damage of apex. 


~=ble 2.—Changes in Hemodynamic Factors Following 
Coronary Artery Ligation: Control Group* 


1-hr Postligation 6-hr Postligation 


Systemic Arterial Pressure 









Preligation P—NSSt P <.001 
Preligation P—NSS P—NSS 
1-hr pestligaben Ey P—NSS 





* Statistica analysis: paired t test. 
t No statistical significance. 


Table 3.—Changes in Hemodynamic Factors 
Eofowing Coronary Artery Ligation: Propranolol Treatment* 


6-hr Postligation 
1-hr Postligation 5-hr Postligation 


Systemic Arterial Pressure 
Preligation P—NS 


Heart Rate 
Preligation P—NSS P <2 


1-hr postligatwa iY PA 


* Statisticalaraiysis: paired t test. 
t No statistca significance. 
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Fig 3.—Effect of propranolol hydrochlo- 
ride administration (1 mg/kg) was to re- 
duce volume of myocardium damage by li- 
gation of LAD coronary artery. Vertical bars 
indicate +1 standard error of the mean. 


anatomy and demonstrated relative 
uniformity of infarction weight. 

The hemodynamic effects of the rel- 
atively small myocardial infarction 
produced in this model have been pre- 
sented in Table 1. One hour after cor- 
onary artery ligation, no significant 
change was noted in systemic arterial 
pressure or heart rate. However, the 
blood pressure fell gradually after- 
wards, a result of fluid loss and car- 
diac muscle damage. No significant 
change in heart rate was observed 
over the six-hour period. A statistical 
analysis of the changes in the he- 
modynamic factors in the control 
group are presented in Table 2. The 
changes in the hemodynamic factors 
after propranolol administration dif- 
fered from those in the control group 
mainly in that the heart rate had de- 
creased five hours after propranolol 
treatment (Table 1). The statistical 
analysis of these changes is presented 
in Table 3. The heart rate changes are 
of borderline statistical significance. 
The hemodynamiceffects of propranol- 
ol therapy in dogs with experimen- 
tally produced myocardial infarcts 
have been studied by Pentecost and 
Austen’! who found that the cardiac 
output fell 13%, stroke volume in- 
creased 24%, mean arterial pressure 
rose 7%, heart rate fell 30.5%, left 
ventricular work index fell 7%, and 
that time-tension index fell 14%. The 
propranolol dose used by these inves- 
tigators was 0.2 mg/kg, which did not 
provide complete blockade as has 
been shown to occur in the canine at 
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ately apparent. Infarct size is now 
known to be an important deter- 
minant of left ventricular power fail- 
ure." Thus, the patient who, over a 
span of time, sustains multiple small 
infarcts will be less likely to develop 
cardiogenic shock if the volume of 
muscle damaged with each infarction 
is minimized. Thus, regardless of the 
favorable or absent immediate effect 
on mortality, the results of Maroko’s 
work and the data presented here 
suggest that cautious trials of pro- 


Table 4.—Comparison of Control and Treatment Groups 


pE 
Propranolol 
Treatment 


19:5 + 0.5 


Control P Value 


19.9 + .04 


Dog weight, kg 
Systemic arterial pressure, mm Hg 
Preligation 


l-hr postligation 
6-hr postligation 


117 +6 
112 +6 
93 +7 


118+6 
123 +7 
99+8 
Heart rate, beats per min 
Preligation 
1-hr postligation 
6-hr postligation 
Left ventricular weight, gm 
Infarct weight, gm 


176+9 
176=9 
169 +6 
100.1 + 3.9 
12.1 £ 1.1 


167 = 11 
173 +7 
153 +8 
99.1 + 3.8 
8.0 + 1.2 


Infarct weight/100 gm left 
ventricle, gm/100 gm 


Ligation point of LAD, cm from origin 
Length of LAD 


11.7 + 0.9 


7.81.1 
4.0 + 0.3 3.4 + 0.3 


7.8 + 0.3 





* Abbreviations: see footnotes to Tables 2 and 3. 


the dosage level employed in this 
study (1 mg/kg).” 

To obtain comparable control and 
treatment groups in this study, dogs 
of similar size have been employed. A 
detailed statistical comparison of the 
hemodynamic and pathologic factor 
of the two groups is presented in 
Table 4 that indicates remarkable 
similarity in animal weight, point of 
ligation of the LAD coronary artery, 
length of LAD coronary artery, sys- 
temic arterial pressure, heart rate, 
and left ventricular weight. A statis- 
tically significant difference was pres- 
ent only in the infarct weights of the 
control and treated groups. 

The NBT staining technique has 
become useful for the detection of 
an early, unapparent myocardial in- 
farct. The technique is based on the 
reduction of colorless NBT to a blue 
formazan by cellular dehydrogenases. 
Damaged cells that contain no dehy- 
drogenases do not stain blue. The test 
is reported to be useful four hours or 
more after infarction.’ However, 
clearer delineation of the nonstained 
area was observed after six hours in 
this study and, therefore, the longer 
time was employed. The NBT stain- 
ing technique was also employed by 
Nachlas and Siedband*® to evaluate 
the effect of diastolic augmentation 
on infarct size following coronary ar- 
tery ligation in the dog. 

The effect of complete beta block- 
ade in this study has been to reduce 
myocardial infarction size from 11.7 
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to 7.8 gm, a reduction in size of 34%. 
This size reduction occurs in what is 
now reeognized as an ischemic zone 
that surrounds an area of myocardial 
infarction. It is this ischemic zone in 
which Maroko and his associates’ 
have suggested that pharmacological 
and mechanical interventions may 
transform into dead muscle or revert 
to viable, contractile muscle. The ef- 
fect of these interventions is to alter 
the ratio between the myocardial oxy- 
gen supply and the myocardial oxy- 
gen consumption. The effect of pro- 
pranolol therapy to decrease the size 
of the myocardial infarction as ob- 
served in this study is due to a re- 
duction in myocardial oxygen con- 
sumption based on a reduction in 
myocardial contactility.** The reduc- 
tion in heart rate, although of ques- 
tionable statistical significance, is 
also a factor. The results of this study 
suggest that the volume of muscle in 
the zone of borderline ischemia repre- 
sents a significant percentage of the 
total volume of involved muscle, at 
least in small infarcts as seen here. 
Several early clinical studies have 
suggested that propranolol treatment 
has no effect on the mortality associ- 
ated with myocardial infarction. 
However, a recent experimental 
study has demonstrated a decreased 
mortality following ligation of the ca- 
nine circumflex coronary artery when 
propranolol therapy was employed.” 
The importance of reducing myocar- 
dial infarct size may not be immedi- 


pranolol therapy in patients with 
small myocardial infarctions are war- 
ranted in an attempt to decrease 
myocardial infarct size. 


This investigation was supported in part by 
Public Health Service research grant HL 13426. 

Dr. Pierce is a recipient of PHS Career Devel- 
opment Award 1 K04 HL46573-01A1. 


Nonproprietary Name 
and Trademark of Drug 


Propranolol hydrochloride—Jnderal. 
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Lawrenc: Goa, MD, Boston: Dr. 
Thompsen, nemers, and guests, I wish to 
compliment. Dr. Pierce and his colleagues 
on an excelsent oresentation about a pro- 
vocative susject Eis set of observations 
confirms the fac: that the extent of is- 
chemic mycmardian following a coronary 
occlusion may be | mited and, in fact, re- 
duced by the use Cf agents that decrease 
myoearcial oxyzen consumption. 

On the cardierascular surgical service of 
Peter Fenë Bricham Hospital, we have 
used a comainedc medical and surgical ap- 
proach “or the treatment of selected pa- 
tients with preiafarction angina, to de- 
crease my+carcial oxygen consumption, 
stabilize patiemt= with the diagnosis, and 
then perform =ormary angiography and 
revascuari-ation surgery semielectively. 
We have net used prepranolol hydrochlo- 
ride in >at=nt= wich preinfarction angina 
(1) whom we suspect ef having main left 
coronary okstruccien, (2) who have been on 
previous psoprsno-ol therapy, or (3) who 
have low crdiac qutpat secondary to glo- 
bal ischem&. Thes patients have had ur- 
gent coronary angiography and revascu- 
larizatien Surg=ry- 

This zontbined <pproach has been used 
in 15 patients vith preinfarction angina 
without th- aforementioned contraindica- 
tions. In 1: of -ae 15, pain, hypertension, 
and heert -ate weve significantly reduced, 
and the electreeariiegraphic changes con- 
sistent with tre diagnosis were amelio- 
rated. 

This is .n example of treatment of a 
patient with this combined approach. The 
patient was adwcitted te the coronary care 
unit with zhe diagnosis of preinfarction 
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blockaee in experimental coronary occlu- 
sion in conscious dogs. Am J Cardiol 
30:832-337, 1972. 

13. Graham TP, et al: Myocardial oxy- 
gen cansumption in acute experimental 


Discussion 


angina On the left-hand side of the slide 
is the admission electrocardiogram dem- 
onstra-ing marked S-T segment depres- 
sion amd T-wave inversion in the precordial 
leads. Treatment with propranolol hydro- 
chlorige was begun in the dose range of 
120 mg/day, and you will note the gradual 
amelicration of the electrocardiographic 
abnormalities in the precordial leads over 
the next seven to ten days: there is a re- 
turn of the ST segments toward the base 
line, and the T waves become isoelectric. 
The petient underwent coronary angiogra- 
phy and left anterior descending coronary 
artery bypass three weeks following ad- 
mission to the hospital without incident; on 
the right-hand side of the slide is seen the 
essentially normal precordial electrocardi- 
ograpzic complexes one day postopera- 
tively. 

In tais select group of patients in whom 
propranolol was used preoperatively to 
contrd the extent of myocardial ischemia, 
there was no operative or late mortality. 
We telieve that this approach, as con- 
firmee by Dr. Pierce’s observations, de- 
crease myocardial oxygen consumption 
and tlus may aid overall cardiac function 
in ths clinical subset of patients with 
acute myocardial ischemia. 

Lester BLUM, MD, New York: Between 
1934 and 1936, the late Dr. Louis Gross and 
I studied the effect of coronary sinus liga- 
tion oa myocardial infarction in the experi- 
mental animal. In the first 50 or so dog 


‘hearts in which I was trying to learn his 


special technique, which involved putting a 
radiopaque mixture into the coronary vas- 
culature, with the heart in a chamber for 
about 20 minutes with a mean pressure of 


a depression. Cire Res 21:123-138, 

14. Page DL, et al: Myocardial changes 
associated with cardiogenic shock. N Engl 
J Med 285:133-137, 1971. 


90 mm Hg, I discovered that, with the use 
of fine linen as a tie, in seven out of the 50, 
the mixture went through the site of the 
ligature. 

Now, you can get an infarction, as you 
all know, with some type of interruption of 
the artery. However, it seems to me that 
with the thousands of coronary arteries 
that are being interrupted—and this, of 
course, is not relevant to this excellent pa- 
per—division between ligatures would 
make certain, since we are very particular 
about the volume and nature of the in- 
farct. 

Dr. Pierce: We believe that the concept 
of modification of infarct size is important, 
and may have widespread ramifications in 
the therapy of patients with myocardial in- 
farction. Drugs commonly employed in the 
treatment of myocardial infarction with 
shock improve myocardial contractility 
but, in addition, increase the degree of 
myocardial ischemia. In contrast, intraaor- 
tic balloon pumping and left ventricular 
bypass do not appear to have this dele- 
terious effect. 

I would like to thank Dr. Cohn for his re- 
marks. I was interested in hearing his ex- 
cellent results. We have perhaps been a 
little overcautious in encouraging our car- 
diologists to have patients that they would 
like us to consider for aortocoronary by- 
pass discontinue propranolol therapy for 
48 hours before the time of their operation. 

I appreciate Dr. Blum’s remarks. We did 
put two ligatures around the site of the 
coronary artery just to avoid the type of 
problem that he has mentioned. 
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Lederle Laboratories presents 
EXPLORATIONS IN ANTIMICROBIAL THERAPY 





microbial specificity in a wide range of 
hospital infections due to susceptible 
pathogens* 





MINOCYCLINE HCI 
INTRAVENOUS 100 mg/vial 


Meets bacterial 
challenges 
in the hospital 








MINOCIN Minocycline HCI 
Intravenous administered 
in dosages identical to 
the usual oral regimen of 
MINOCIN,: 200 mg 
initially, 100 mg q.12 h., 
provides prompt 
antimicrobialserum 
levels to control in- 
fections caused by 
susceptible patho- 
gens in the hospital. 


importance, such as 
susceptible Bacteroides sp., 
Clostridium sp. and Mima- 
Herellea sp., implicated 
in postsurgical G.I. and 
G.U. infections; and 
against populations of 
ecognized importance 
such as E. co/i and 
Klebsiella sp. (See 
Table II.) 


MINOCIN I.V. used 


MINOCIN can be as recommended 
effective in the rarely results in 
treatment of pneu- thrombophlebitis. 
monia, skin and If MINOCIN I.V. is 
soft tissue infec- given over pro- 
tions, bacteremia longed periods, 


however, throm- 


and septicemia. In 
bophlebitis may 


hospital infections, 


it can be useful occur. In all appli- 
against populations Cable cases, oral 
of pathogens MINOCIN should be 


instituted as soon as 


assuming increasing ib 
possible. 


*When bacteriologic testing indicates appropriate 
susceptibility to MINOCIN Minocycline HCI. 


MINOCIN minocycline HCI ee a 
penetraticn levels after oral administration: 
respiratory, G.|.,G.U. and other tissues/fluids 
TABLE | 
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The major part cí the data in humans was derived from the pharmacolegic trial in patients scheduled for various types of surgery. 
They were giver the MIF OCIN loading dose of 200 mg initially followed by 100 mg at 12-hour intervals for four days. At the time of 
surgery, a blood sample@was crawa and a two-gram specimen of excised tissue was reserved for analysis. 
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TABLE |l 
PENETRATES SITES OF INFECTION TO IN VITRO ACTIVITY+ OF ON IN Minocycline HCI 
OVERCOME SUSCEPTIBLE HOSPITAL PATHOGENS* AGAINST 421 STRAINS OF VARIOUS BACTERIA, 
INCLUDING PATHOGENS AND NONPATHOGENS?++ 
NUMBER OF 
È- SITES OF SURGERY/INFECTION TRAIN MINOCYCLINE 
PATHOGEN (NOT INCLUSIVE) ORGANISM TESTED ACTIVITY 
Bacteroides sp. ge ear 
Lower G.I. Tract 
Beatie G.U. Tract Staphylococcus aureus 56 56 
Diplococcus pneumoniae 35 31 
Clostridium sp. Gallbladder Streptococcus, group A 63 57 
Streptococcus, group B 12 6 
E. coli Aree Streptococcus, group C 3 3 
GU. Tract Streptococcus, group G 3 3 
Streptococcus viridans 31 30 
Klebsiella sp: Fespiratory Tract _ Enterococcus 36 6 
G.U. Tract Neisseria gonorrhoeae 25 21 
z T RN Hemophilus influenzae 15 1 
. pneumoniae espiratory Trac Escherichia coli 48 32 
Proteus sp. 34 
Enterobacter G.I. Tract : ik : 
(Aerobacter) G.U. Tract Klebsiella 17 9 
Enterobacter aerogenes 3 3 
H. influenzae | Respiratory Tract Enterobacter cloacae 7 3 
Serratia 4 4 
Enteroceccus Lower Bowel Herellea 7 7 
G.I. Tract 7 
Mima polymorpha 1 1 
P j +t 15 
Mime-Herete Urethra 'seudomonas aeruginosa 6 
Vaginal Tract 
Staphylocoecus awreus*™** Skin and Soft Tissue 
*When bacteriologic tesing neicates appropriate susceptibility to + No direct correlation should be inferred between in vitro and 
MINOCIN Minecycline Cr in vivo activity. 
**MINOCIN not active ageins Proteus sp. or Pseudomonas. ++ No approved clinical indication for MINOCIN therapy in infections 
**Tetracyclines are not tte drago choice in the treatment of any type of due to Proteus sp., Pseudomonas. 
staphylococcaliinfeetiows. M|NOCIN is indicated for treatment of +++ Includes two strains of P. morganii and P. rettgeri and 32 of 
Staphylococcus aureus in sain end soft tissue infections only when P. mirabilis. . 


bacteriologic tests indicate appropriate susceptibility to the drug. 


Before prescribing MINOCIN, please refer to the prescribing information for full description 
l Lederle ] of adverse effects and precautions, a copy of which is on the last page of this advertisement. 
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MINOCYCLINE HCI 


semisynthetic tetracycline 
for office and hospital 


MINOCIN provides 
effective therapy with 
relatively few problems 


® Penetrates tissues of respiratory, G.I. and 
G.U. tracts, skin and muscle. 


® No photosensitivity to date. 


® Well absorbed even with food, dairy 
products or colas. 


® Enamel hypoplasia/tooth staining can 
occur in children under eight. 


® if renal impairment exists, lower than 
usual doses are indicated. (See WARNING 
in Package Insert.) 


® Lightheadedness that may occur is tran- 
sient, disappearing during therapy or always 
after therapy is completed. 


® Dosage form flexibility: supplied as 50 mg 
and 100 mg capsules, 50 mg/5 cc syrup, and 
100 mg/vial intravenous. 


Lederle Laboratories 
ederle A Division of American Cyanamid Company 
Pear! River, N.Y. 10965 


NEW 
50 mg 
CAPSULE 


...if more 
frequent doses 
are preferred 
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MINOCIN'’ Minocycline Hydrochloride 
Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochlo- 
ride is a semi-synthetic derivative of tetracycline. 
7-dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride. 


Intravenous: Each vial, dried by eryodesiccation, 
containssterile Minocycline Hydrochloride equiva- 
lent to 100 mg. Minocycline. When reconstituted 
with 5 cc. of Sterile Water For Injection the pH 
ranges from 2.0to28 


ACTIONS: Microbiology. The tetracyclimes åte pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein syn- 
thesis. Minocycline HCI is a tetracycline with anti- 
bacterial activity comparable to other tetracyclines 
with activity against a wide range of gram-negative 
and gram-positive organisms. 

Tube dilution testing: Microorganisms may be 
considered susceptible (likely to respond to mino- 
cycline therapy) if the minimum inhibitory concen- 
tration (M.1.C.) is not more than 4. Omcg_/ml. Micro- 
organisms may be considered intermediate 
(harboring partial resistance) if the M.I.C. is 4.0 to 
12.5mcg./ml. and resistant (not likely to respond to 
minocycline therapy) if the M.I.C. is greater than 
12.5 mcg./ml. 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 mcg. 
tetracycline disc) gives‘a zone of 18 mm. or greater, 
the bacterial strain is considered to be susceptible 
to any tetracycline. Minocycline shows moderate 
in vitro- activity against certain strains of 
staphylococci which have been found resistant to 
other tetracyclines. For such strains minocycline 
susceptibility powder may be used for additional 
susceptibility testing. 


INDICATIONS. MINOCIN minocyeline HCI is indi- 
cated in infections caused by the following micro- 
organisms: 

Rickettsiae: (Rocky Mountain spotted fever. ty- 

phus fever and the typhus group. Q fever, rickett- 

sialpox, tick fevers.) 

Mycoplasma pneumoniae (PPLO, Eaton agent). 

Agents of psittacosis and ornithosis. Agents of 

lymphogranuloma venereum and granuloma in- 

guinale. The spirochetal agent of relapsing fever 

(Borrelia recurrentis). The following gram-nega- 

tive micro-organisms: Hemophilus ducreyi 

(chancroid), Pasteurella pestis and Pasteurella 

tularensis, Bartonella bacilliformis, Bacteroides 

species, Vibrio comma and Vibrio fetus. Brucella 
species (in conjunction with streptomycin). 

Because many strains of the following groups of 
micro-organisms have been shown to be resistant 
to tetracyclines, culture and susceptibility testing 
are recommended. 

MINOCIN minocycline HCI is indicated for treat- 
ment of infections caused by the following gram- 
negative micro-organisms, when bacteriologic test- 
ing indicates appropriate susceptibility to the drug: 

Escherichia coli, Enterobacter aerogenes (for- 

merly Aerobacter aerogenes), Shigella species, 

Mima species and Herellea species, Haemo- 

philus influenzae (respiratory infections), Kleb- 

siella species (respiratory and urinary infections). 

MINOCIN is indicated for treatment of infections 
caused by the following gram-positive micro-or- 
ganisms when bacteriologic testing indicates ap- 
propriate susceptibility to the drug: 
Streptococcus species: Up to 44 percent of strains 
of Streptococcus pyogenes and 74 percent of 
Streptococcus faecalis have been found to be re- 
sistant to tetracycline drugs. Therefore, tetracy- 
clines should not be used for streptococcal disease 
unless the organism has been demonstrated to be 
sensitive. 

For upper-respiratory infections-due to group A 
beta-hemolytic streptococci, penicillin is the usual 
drug of choice, including prophylaxis of rheumatic 
fever 
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MINOCIN IV. 
100 mg/Vial 


MINOCIN Capsules 
100 mg 


MINOCIN Capsules 
50 mg 


MINOCIN Syrup 
50 mg/5 ce 


Diplococcus pneumcn 2, 

Staphylococcus aureus, s sim and soft tissue infec- 

tions. Tetracyclines arenofthe drug of choicein the 

treatment of any type cf staphylococcal infection. 
When penicillin is <ortraindicated, tetracyclines 

oe alternative drugsar “he treatment o” infections 

ue to: 

Neisseria gonorrheeas, Treponema pallidum and 
Treponema pertenue syphilis and yaws), Listeria 
monocytogenes. Clostrdium species, Bacillus 
anthracis. Fusobart=riem fusiforme (Vincent's 
infection), Actinomy>es-species. 

. In acute imtestina’ emebiasis, the tetracyclines 
may be a useful adjumcttc amebicides. 

. MINOCIN ‘s indicatec im the treatment of tracho- 
ma, although the infectieus agent is not always 
eliminated, as judged >y snmunofluorescence. In- 
clusion conjunctivitis maydDetreated with oral tetra- 
cyclines or with 2 cembiration of oral and topical 
agents. 


Oral only: In sever@acme, the tetracyclines may 
be useful adjunctive therapy. Minocydiine is indi- 
cated inthe treatmen: of asymptomatic carriers of 
N. meningitidis towels maae meningocacci fromthe 
nasopharynx. i 

In order to preserce the usefulness cf MINOCIN 
minocycline HCI in thetreatment of asymptomatic 
meningecoccal carries, diagnostic laboratory pro- 
cedures, including sersoxyping and susceptibility 
testing, should beperf> mec to establish the carrier 
state and the correcttrea ment. It is recommended 
that the drug be reserwedfor situations in which the 
risk of meningococea Neningitis is high. 

Minocycline is norindieated for the ‘treatment of 
meningocoecal infestion 


CONTRAINDICATIONS.- This drug is contraindi- 
cated in persons who hawe shown hypersensitivity 
to any of the tetracyc iacss. 


WARNINGS. In thesoresenee of renal dysfunction, 
particularly in pregearcy intravenous tetracycline 
therapy in daily dose>exeeeding 2 grams has been 
associated with deeths rough liver tailure. 

When theneecfor | »easive treatment outweighs 
its potentiakdangers (mostly during pregnancy or in 
individuals with knever cr suspected senal or liver 
impairment), itis advisablto performrenalandliver 
function tests before ancduring therapy. Also tetra- 
cyclinesserum conee rations should be followed. 

If renal impairmentexSts, even usual oral or par- 
enteraldoses may lsac te excessive systemic accu- 
mulation of the dmug and possible liver toxicity. 
Under such conditions lewer than usual total doses 
are indicated, amd if therapy is prolonged, serum 
level determinatiors:cf fhe-drug may be advisable. 
This hazard is of particular importancein the paren- 
teral administratiomcftetracyclines te pregnant or 
post-partum patiemts with pyelonephritis. When 
used under these sireumstances, the blood level 
should not exceed@ 15 micrograms/ml. and liver 
function tests shouldbe nade at frequent intervals. 
Other potentially h=patetoxic drugs should not be 
prescribedconcor ttanty. 

The use of tetraevclimes during tooth develop- 
ment (last half of pregma cy, infancy, and childhood 
to the age of 8 years may cause permanent dis- 
coloration of the testr( wellow-gray-brown). This ad- 
verse reaction is more sommen during long-term 
use of the drugs but bas been observed following 
repeated shori-teer >aurses. Enamel hypoplasia 
has also been reportec. Tetracyclines, therefore, 
should not be used r this-age group unless other 
drugs are not likey to ve effective or are contra- 
indicated. 

Photosensitivity marfested by an exaggerated 
sunburn reaction s=s:been observed in some indi- 
viduals taking tetmieycines. Patients apt to be ex- 
posed to direct swnught or ultraviolet light should 
be advised that tseneaction can occur with tetra- 
cycline drugs, ane t2ament should be discontin- 
ued at thefirst evitience Cf skin erythema. Studies 
todate indicate that » yC@losensitivity coes not occur 
with MINOCIN mimeeyclime HCI. 


ADULT DOSAGE 
(GENERAL) 


200 mg initially, 
100 mg q. 12 h 


200 mg initially, 
100 mg q. 12 h. 


100 mg or 200 mg 
initially, 50 mg 
q.i.d. 


2 teaspoonfuis 
(100 mg) initially, 
1 teaspoonfu! 
(50 mg) q.i.d. 


PEDIATRIC DOSAGE 


(GENERAL) 


4 mg/kg initially, 
2mg/kg q. 12h. 


4 mg/kg initially, 
2 mg/kg q. 12 h. 


4 mg/kg initially, 
2mg/kg q.12h. 


4 mg/kg initially. 
2 mg/kg q. 12h. 


The antianabolic action of the tetracyclines may 
cause an increase in BUN. While this is not a prob- 
lem in those with normal renal function, in patients 
with significantly impaired function, higher serum 
levels of tetracycline may lead to azotemia, hyper- 
phosphatemia, and acidosis. 

CNS sice effects including lightheadedness, diz- 
ziness or wertigo have been reported. Patients who 
experience these symptoms should be cautioned 
about driving vehicles or using hazardous machin- 
ery while øn minocycline therapy. These symptoms 
may disappear during therapy and always dis- 
appear rapidly when the drug is discontinued. 


Usage in Pregnancy. (See above Warnings about 
use during tooth development.) 

Results of animal studies indicate that tetracy- 
clines crass the placenta, are found in fetal tissues 
and can have toxic effects on the developing fetus 
(often related to retardation of skeletal develop- 
ment). Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 


Usage in newborns, infants, and children. (See 
ant “Warnings about use during tooth develop- 
ment. 

All tetracyclines forma stable calcium complex in 
any bone forming tissue. A decrease in the fibula 
growthrate has been observed in prematures given 
Oral tetracycline in doses of 25 mg/kg. every 6 
hours. This reaction was shown to be reversible 
when the drug was discontinued. 

Tetracyclines are present in the milk of lactating 
women who are taking a drug in this class. 


PRECAUTIONS. As with other antibiotics prepara- 
tions, use of this drug may result in overgrowth of 
nonsusceptible organisms, including fungi. If super- 
infection occurs, the antibiotic should be discon- 
tinued ard appropriate therapy should be instituted. 

In venereal diseases when coexistent syphilis is 
suspected, darkfield examination should be done 
before treatment is started and the blood serology 
repeated monthly for at least 4 months. 

Because tetracyclines have been shown to de- 
press plasma prothrombin activity, patients who are 
on anticoagulant therapy may require downward 
adjustment of their anticoagulant dosage. 

In long-term therapy. periodic laboratory evalua- 
tion of ergan systems, including hematopoietic, 
renal and hepatic studies should be performed. 

All infections due to Group A beta-hemolytic 
streptococci should be treated for at least 10 days. 

SinceDacteriostatic drugs may interfere with the 
bactericidal action of penicillin, it is advisable to 
mf giving tetracycline in conjunction with peni- 
cillin. 


ADVERSE REACTIONS. Gastrointestinal: Ano- 
rexia, Mausea, vomiting, diarrhea, glossitis, dys- 
phagia, enterocolitis, and inflammatory lesions 
(with manilial overgrowth) in the anogenital region. 

These reactions have been caused by both the 
oral anc parenteral administration of tetracyclines. 
Skin: Maculopapular and erythematous rashes. 
Exfoliatrve dermatitis has been reported but is un- 
common. Photosensitivity is discussed above. (See 
“Warnings.’) Renal toxicity: Rise in BUN has been 
reported and is apparently dose related. (See 
“Warnings.') Hypersensitivity reactions: Urticaria, 
angioneurotic edema, anaphylaxis, anaphylactoid 
purpura, pericarditis and exacerbation of systemic 
lupus erythematosus. Bulging fontanels have been 
reported in young infants following full therapeutic 
dosage This sign disappeared rapidly when the 
drug was discontinued. Blood: Hemolytic anemia, 
thrombocytopenia, neutropenia and eosinophilia 
have been reported. CNS: (See “Warnings ”“) When 
given aver prolonged periods, tetracyclines have 
been reported to produce brown-black microscopic 
discoloration of thyroid glands. No abnormalities 
of thyraid function studies are known to occur. 


DOSAGE ANDADMINISTRATION: ORAL. Therapy 
should be continued for at least 24-48 hours after 


HOW SUPPLIED 


1 Vial 100 mg 
Box of 100 Vials 


Bottles of 50's and 100's; 
Unit dose 10 x 10's. 


Bottles of 100's 


2-fluidounce Bottles 


symptoms and fever have subsided. 

Concomitant therapy: Antacids containing 
aluminum. calcium. or magnesium impair absorp- 
tion and should not be given to patients taking oral 
tetracycline. 

Studies todate have indicated that the absorption 
of MINOCIN is not notably influenced by foods and 
dairy products. 

In patients with renal impairment: (See “Warn- 
ings: ) Total dosage should be decreased by reduc- 
tion of recommended individual doses and/or by 
extending time intervals between doses 

In the treatment of streptococcal infections. a 
therapeutic dose of tetracycline should be adminis- 
tered for at least 10 days. 

ADULTS: The usual dosage of MINOCIN minocy- 
cline HCI is 200 mg. initially followed by 100 mg 
every 12 hours. Alternatively. if more frequent doses 
are preferred. two or four 50 mg. capsules may be 
given initially followed by one 50 mg. capsule four 
times daily. 

' CHILDREN: The usual dosage of MINOCIN mino- 
cycline HCl is 4 mg./Kg. initially followed by 2 mg./ 
Kg. every 12 hours 

Fortreatment of syphilis. the usual dosage of 
MINOCIN should be administered over a period of 
10-15 days. Close followup. including laboratory 
tests. is recommended. 

Gonorrhea patients sensitive to penicillin may be 
treated with MINOCIN. administered as 200 mg 
initially followed by 100 mg every twelve hours for 
a minimum of 4 days. with post-therapy cultures 
within 2-3 days. 

In the treatment of meningococcal carrier state 
recommended dose is 100 mg. every 12 hours for 
five days. 


DOSAGE AND ADMINISTRATION: INTRAVE- 
NOUS. Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral 
therapy is not adequate or tolerated. Oral therapy 
should be instituted as soon as possible. If intrave- 
nous therapy is given over prolonged periods of 
time. thrombophlebitis may result. 

ADULTS: Usual adult dose: 200 mg. followed by 
100 mg. every 12 hours and should not exceed 
400 mg. in 24 hours The drug should be initially dis- 
solved and then further diluted to 500-1,000 cc. with 
either Sodium Chloride Injection USP, Dextrose 
Injection USP, Dextrose and Sodium Chloride In- 
jection USP, Ringers Injection USP, or Lactated 
Ringer's Injection USP but not in other solution 
containing calcium (a precipitate may form). 

The reconstituted solutions are stable at room 
temperature for 24 hours without significant loss of 
potency. Any unused oortions must be discarded 
after that period The final dilution for administration 
should be administered immediately 

CHILDREN: Usual pediatric dose: 4 mg./kġ. fol- 
lowed by 2 mg./kg. every 12 hours. 

_ In patients with renal impairment: (See Warn- 
ings. ) 

Total dosage should be decreased by reduction of 
recommended individual doses and/or by extend- 
ing time intervals between doses. 


HOW SUPPLIED. Capsules— Minocycline Hydro- 
chloride equivalent to 100 mg. Minocycline. Hard- 
shell purple and orange. Bottles of 50 and 100; Unit 
Dose 10 x 10's. Product No. 5301 

Minocycline Hydrochloride equivalent to 50 mg. 
Minocycline. Hardshell orange. Bottles of 100 and 
Unit Dose 10 x 10's. Product No. 5300. 

Syrup— Minocycline Hydrochloride equivalent 
to 50 mg. Minocycline per teaspoonful {5 cc ). Pre- 
servedwith propylparaben 0.10% and butylparaben 
0.06% with Alcohol USP 5% v/v. Custard-flavored in 
bottles of 2 fl.oz. Product No. 5313. 

Intravenous—100 mg. vials of sterile cryodesic- 
cated powder. Product No 5305. (Combined 5/73) 


MILITARY FSN 6505-149-0574 100 mg I.V. 


MILITARY FSN 6505-003-5112 
VA FSN 6505-003-5112A } 100 mg apes =, 





Renovascular Hypertension 
in the Pediatric Patient 


William J. Fry, MD; Calvin B. Ernst, MD; James C. Stanley, MD; Bruce Brink, MD, Ann Arbor, Mich 


Twenty-two children (22 months to 17 
years old) were operated upon for reno- 
vascular hypertension, 20 by angioplastic re- 
construction, and two (very early in the 
series) by nephrectomy. Their main symp- 
toms were hyperexcitability, headaches, 
or convulsions. Fibromuscular dysplasia 
caused the narrowing in 20 patients. In 15 of 
the 22 patients, the lesions were in the main 
renal artery, in seven in the segmental 
branches. Four patients suffered associated 
neurofibromatosis. Only in them was the 
dysplasia at the ostium of the main renal ar- 
tery. The most common operative technique 
was saphenous vein bypass graft. Dilation 
was used for multiple segmental artery in- 
volvements. After a one- to nine-year fol- 
low-up, 19 patients are cured. We consider 
that there is now no place for nephrectomy 
or medical therapy as primary modes of ther- 
apy in this condition. 


pe artery stenosis is second 
only to coarctation of the tho- 
racic aorta as a cause of surgically 
remediable hypertension in the child. 
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Renovascular hypertension in the pe- 
diatric patient is a curable disease 
that has recently been. recognized 
with increasing frequency. The de- 
tection and treatment of this dis- 
ease varies greatly from one medical 
center to another. In a few areas of 
the country, patients with this condi- 
tion are being identified regularly.'” 
In other institutions, having a lesser 
interest in hypertension, patients 


Fig 1.—Diagram showing location of 
stenotic lesions in the series. X represents 
one patient. O represents multiple lesions 
encountered in one patient. 





with surgically curable hypertension 
are not detected. Few pediatric clinics 
take blood pressure readings on rou- 
tine examination until the child 
reaches the age of 7 or 8 years. Even 
at this age, careful blood pressure de- 
terminations are not the rule. It. has 
not been appreciated that renal re- 
vascularization with preservation of 
renal parenchyma can be suecessfully 
achieved in children. 


Fig 2.—Arteriogram showing stenotic le- 
sion (arrow) at ostium of right renal artery 
in a 5-year-old girl with Recklinghausen 
disease. 
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Clima! Data 

From July 1963 vo July 1972, a cotal of 22 
children have umiergone operations for 
renovascular hypertension at the Univer- 
sity of Michigan Medieal Center. Ages 
ranged from 21 months to 17 years with 
the average being 11 years. There were 12 
boys and ten girls. There was one black 
child with fibromascular dysplasia in the 
series, the remainder were white. The pre- 
dominant lesion causing arterial narrow- 
ing was medial bromuscular dysplasia. 
Unlixe the adult äbromuscular dysplastic, 
the lesions were evenly distributed be- 
tween the right and the left renal arteries 
(Fig 1). It is of icterest that the renal ar- 
tery lesions in patients with associated 
Recklinghausen d sease always eccurred at 
the ostium of the renal artery. This lesion 
looked roentgenographically like the typi- 
cal arteriosclerotic stenosis seen in adults 
(Fig 2 and 3). The remaining lesions were 
located more distally in the reral arteries 
including branch vessels. There was one 
patiant who hac multiple lesicns in each 
kidrey secondary to fibromuscular dys- 
plasia (Fig 4). 

One patient had Takayashi disease with 
an occlusive lesion near the origin of the 
right renal artery. This disease has been 
rare in our total experience with vascular 
occlusive disease: As a cause ef renal ar- 
tery stenosis in the child, it is extremely 
rare. Trauma represented an etiologic fac- 
tor in the additiena! child in this series. 


Clinical Manifestations in Diagnosis 
Less than half of the patients had 


Fig 3.—Selectwe left renal arteriogram 
showing stenoticlesion (arrow) at ostium of 
left renal artery in a I3-year-old boy with 
Recklinghausen disease. 
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hypertension diagnosed during a rou- 
tine physical examination. Symptoms 
of this group of patients were not 
specific. The most common complaints 
were hyperexcitability and occipital 
headache. This experience under- 
scores the fact that all apparent 
behavioral disorders in early child- 
hood are not psychological. Several 
children first came for medical atten- 
tion after developing convulsions. 
Symptoms of central nervous system 
disease secondary to hypertensive en- 
cephalopathy generally carry a poor 
prognosis. One child’s condition was 
evaluated when he was 4 years of age 
because of hyperexcitability. He was 
found to have an exceptionally high 
intelligence quotient. Four years 
later, after convulsions began, the 
diagnosis of renovascular hyperten- 
sion was made. At that time, his in- 
telligence quotient was found to be in 
the low normal range. Irreversible de- 
terioration of cerebral function sec- 
ondary to uncontrolled hypertension 
in this child emphasizes the impor- 
tance of early detection and treat- 
ment of this disease in the pediatric 
age group. 

The intravenous pyelogram has not 
been a reliable screening procedure. 
Only 40% of the patients in this series 
had findings on examination by intra- 
venous pyelography. The most con- 


Fig 4.—Right selective renal arteriogram 
showing multiple stenotic lesions (arrows) 
in arterial branches of right kidney. 
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stant finding was discrepancy in size 
of the kidney. Late concentration of 
contrast material and delayed wash- 
out was seen in only three patients. 
Ureteral notching was evident only 
once. Excretory pyelography should 
be performed to exclude renal paren- 
chymal disease as a cause of hyper- 
tension. Renograms and renoscans 
are unreliable tests. 

We have formulated an aggressive 
diagnostic program for children with 
hypertension. Coarctation of the 
aorta, pheochromocytoma, and pri- 
mary renal disease are easily ex- 
cluded by appropriate studies. All 
children suspected of renovascular 
hypertension should have careful se- 
lective angiography to demonstrate 
the architecture of renal arteries. Oc- 
clusive lesions in the renal arteries 
with compensatory collateral circula- 
tion have proved to be hemodynam- 
ically and functionally important 
(Fig 5). When a stenotic lesion in the 
renal arterial system is found, renal 
vein renin levels should be deter- 
mined. Renal vein renin levels were 
determined in 11 of our patients and 
were abnormal in each instance to the 
side of the lesion. The renal vein 
renin ratios ranged from 2.0 to 10.0 
with an average of 5.3. If a child dem- 
onstrates a stenotic lesion in the re- 
nal artery with compensatory collat- 


Fig 5.—Selective right upper-pole arterio- 
gram in a 13-year-old boy with fibro- 
muscular dysplasia partially occluding right 
renal artery (bottom arrow). Notice collat- 
eral circulation (top arrow). 
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Fig 6.—Left, Preoperative left renal arteriogram showing segmental arterial stenosis (arrow) in a 13- 
year-old boy. Center, Artist's concept of technique used in dilation of lesion shown in Fig 6, left. Right, 
Postoperative arteriogram two years after dilation of segmental renal arterial stenosis shown in Fig 6. left. 


eral circulation or a renal vein renin 
ratio of at least 1.4,° the opportunity 
for operative cure-is excellent. 


Operative Procedures 


A variety of procedures were uti- 
lized. The techniques of revasculariza- 
tion for extensive and branch vessel 
fibromuscular dysplasia have been re- 
ported previously.‘ We have preferred 
the autogenous saphenous vein aor- 
torenal bypass as the procedure of 
choice when possible.’ This allows ver- 
satility and precision at the distal 
anastomosis. Vein grafts can be car- 
ried out to one or more branches. In 
addition they can be used as an onlay 
patch onto multiple branches if neces- 
sary. Dilation of multiple stenotic le- 
sions in the smaller branches of the 
renal artery has proved a helpful 
technique (Fig 6, left, center, and 
right). Recurrent stenoses have not 
been recognized with the longest fol- 
low-up being seven years. We have 
not found it necessary to explant the 
kidney and perform an ex vivo repair 
to effect successful revascularization. 

The technique utilized in the 
anastomosis of the vein graft to the 
renal artery in children is an impor- 
tant concept that should be reempha- 
sized (Fig 7, left and right, and Fig 
8). The small renal artery must be 
spatulated in such a way that a large 
anastomosis using fine arterial suture 
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is fashioned. Interrupted suture tech- 
nique has not been utilized reutinely. 
We do interrupt the suture in mul- 
tiple areas in order to assure that a 
purse-string effect does not occur. 
Completed anastomoses sheuld be 
three times greater in circumference 
than the host renal artery. This al- 
lows for any cicatrix narrowimg with 
healing and allows for growth of the 
renal artery. 

Local angioplasty is not recom- 
mended as a routine method of deal- 
ing with stenotic renal artery lesions. 
One of the four patients in this series 
failed. It was fortunate that it was 
possible to replace the angioplasty 
with an aortorenal bypass with subse- 
quent cure of the hypertension. While 
local angioplasty has been reported 
by others as being generally satisfac- 
tory, excision of a small segment of 
artery with end-to-end anastomosis 
has not found a prominent place in 
our operative armamentarium. 

Nephrectomy was carried out as a 
primary procedure twice in this 
series. Both were performed early in 
our experience. One child had a lesion 
amenable to revascularization. At the 
time, it was thought that the arteries 
were too small to allow performance 
of a successful vein bypass procedure. 
The second child had extensive renal 
arterial disruption following trauma. 
The indication for nephrectomy was 


valid as the child had disruption of 
multiple vessels with partial devas- 
cularization and infarction of the 
kidney. 


Results 


Primary and secondary operations 
together resulted in a cure rate of 
95.4% (Table). The average preopera- 
tive blood pressure determination 
was 184/123 mm Eg, and the average 
postoperatively was 111/69 mm Hg. 
With the use of careful criteria and 
precise operative technique, it would 
appear that hypertension in children 
caused by renal artery stenosis is po- 
tentially 100% curable. This is without 
sacrifice of renal function. 

There was one failure in the vein 
bypass group. This was done early in 
our series without systemic heparini- 
zation. It resulted in a subsequent 
partial intrarenal thrombosis neces- 
sitating a nephrectomy. The hyper- 
tension was alleviated by the ne- 
phrectomy as the contralateral kid- 
ney was normal. 

One failure occurred after an at- 
tempt to dilate multiple stenotic le- 
sions throughout the right kidney. 
Some of the areas of stenosis had pro- 
gressed to actual thrombosis. At- 
tempts at dilation were unsuccessful 
and subsequently caused partial 
thrombosis of the right renal artery. 
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It should be em»aasized that the indi- 
cations for dilation of lesions in the 
renal arteries -re few, representing 
only 13.7% in our series. Dilation must 
be undertaken with great care. The 
obvious mistake of the above-men- 
tioned patient skould be avoided. 
There must be a clear-cut area of ste- 
nosis with a patəmt vessel distal be- 
fore one can aaticipate improvement 
by the use ef the graded dilators. 

Follow-up arteriography has dem- 
onstrated no Fstance of stenosis at 
the site of ar=stomesis of the vein 
graft to the renal artery. During the 
period of this =tucy, several children 
have gone through the rapid growth 
phase of pubertr. Vein grafts accom- 
modated well => the growth of the 
children in aJ instances. We have 
seen no evidence of stenosis in this 
group of vein grafts. 

There are two instances of aneu- 
rysmal dilatio of the vein grafts in 
this series Ome is in a child age 5 
years (Fig 9) anë another in a child 
age 13 years. “hese grafts have di- 
lated 130% ami 150%, respectively, 
compared to their original diameters. 
They have bork been stable in size for 
over one yea~ amd continue to func- 
tion well. Sin:= they have been stable 
in size for ov=r a year, they have not 
been replacec but are being followed 
up carefully » th serial angiograms. 
Both of these vein grafts were done 
prior to the -næ that careful han- 
dling and rapid cooling of the vein 
was felt an imopertant adjunct to the 
procurementx: the saphenous vein in 
preparation for wse as an arterial con- 
duit. Thisamay help to preserve the in- 
tegrity of the vem graft by pre- 
serving the m-imal lining. 


Comment 


Intravenous. pyelography has not 
proved tc bez useful screening proce- 
dure in the hypertensive child. We be- 
lieve this is seeondary to the high 
incidence o7 segmental arterial in- 
volvement. Jif renal function stud- 
ies have not been done in this group 
of patients. Tie morbidity associated 
with this prxedure, combined with 
the lack of accuracy seen in segmen- 
tal artertal Hisease, precludes its rou- 
tine use as 2 diagnostic procedure. 

Renal veia renin collection must be 
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Fig 7.—Left, Right renal arteriogram showing a segmental arterial stenosis with post- 
stenotic aneurysmal dilation. Right, Arteriogram showing functioning vein graft two years 
after operation. 






Results of Operative Procedures 


Blood Pressure, mm Hg 














Pre- 
operative 


Post- Pro- 
operative cedure Result Follow-Up 





Cause 










1l F FMD* 190/120 110/70 A C 9 yr 
13 F FMD 160/110 110/70 N C 9 yr 
17 M Trauma 185/130 110/70 N C 8 yr 
17 M FMD 170/110 110/80 ARB? A 7yr 
N 
12 M FMD 190/140 116/70 S-R C 7yr 
12 M FMD 190/120 120/80 D C 7yr 
9 M FMD 190/124 118/70 ARB C 6 yr 
13 F. FMD 180/120 120/80 At F 5 yr 
ARB C 
2l1mo M FMD 190/132 110/60 A C 5yr 
13 M FMD . 140/110 110/60 A C 5yr 
8 M FMD 200/140 100/70 ARB C 4 yr 
16 F FMD 200/110 112/70 ARB C 4 yr 
15 F FMD 140/110 112/70 ARB C 4 yr 
13 M FMD 180/110 110/70 D C 3 yr 5 mo 
13 M FMD and NF 200/140 110/70 ARB C 3 yr 
17 F T 240/150 120/70 ARB €C 3 yr 
9 F FMD-BIL§ 240/140 120/704 g! d 3 yr 
5 F FMD and NF 205/150 110/60 ARB C 3 yr 
14 F FMD 160/110 110/70 ARB C 3 yr 
12 F FMD and NF 140/110 110/70 ARB Cc 2 yr 
FESEM FMD 180/120 100/60 ARB C 2 yr 
3 M FMD and NF 180/100 110/70 ARB C l yr 
Average 11 184/123 111/69 4 yr 7 mo 









*Abbreviations: FMD indicates fibromuscular dysplasia; T, Takayashi disease; FMD 
and NF, fibromuscular dysplasia and neurofibromatosis; ARB, aortorenal bypass; A, 
angioplasty; N, nephrectomy; S-R, splenorenal bypass; D, dilation; C, cure; F, failure. 
tFailures. 

tReceiving drug therapy. § signifies bilateral disease. 
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done under very carefully controlled 
conditions in order to be valid. The 
patients preferably should not be 
given any blocking agents for a pe- 
Aortorenal graft riod of two weeks. It is prudent to 
Israptiorious van stimulate the production of renin by 
the use of a natriuretic drug. Exercise 
prior to collection is also an important 
adjunct to the increased renin differ- 
ential between the normal and abnor- 
mal kidney. The use of the tilted posi- 
tion at the time of specimen collection 
is important to further stimulate the 
release of renin. Danger may be en- 
countered in the severe hypertensive 
upon drug withdrawal. Modification 
of the renin collection is necessary in 
such patients and, the probable sacri- 
fice of accuracy is accepted. Correla- 
tion of urinary sodium content at the 
time of renal vein effluent collection 
may eliminate the problems of pre- 
paring these patients for study. It 
may also explain certain inconsisten- 
cies evident concerning the impor- 
tance of renal vein renin assay in 

renovascular hypertensive patients. 
The relationship between neurofi- 
bromatosis and associated pheochro- 
mocytoma has been well documented.* 
The association between renal artery 
stenosis and neurofibromatosis seems 
to be less appreciated.’* On careful 
histologic review, no difference can 
be discerned with light microscopy 
between an ordinary fibromuscular 
dysplastic lesion and the lesion associ- 
ated with neurofibromatosis accord- 
ing to J. Abrams, MD (oral communi- 
cation, May 1973). It would appear 
that this is not an overgrowth of neu- 
ral tissue within the arterial wall. The 
anatomical location of the lesion has 
M | been consistent. It is different from 
| ys, other fibromuscular dysplastic lesions 
ZN seen either in the pediatric patient or 
in the adult. It would seem feasible 
YY that there is some difference in the le- 

wet it H sion that has not yet been diseerned. 
$ Trauma appears to be a definite 
cause of hypertension.’ Although it is 
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we have recently seen an additional 
child with bilateral renal disruption 
secondary to trauma with mild subse- 


l , : ; yee ; : quent hypertension (Fig 10). The hy- 
Fig 8.—Artist’s concept of technique used in partial revascularization of lesion shown in t $ : i] itol and 
Fig 7, left. Notice how the small renal artery is spatulated allowing an anastomosis three gh ache gare <a PARNE cee 
times greater than circumference of artery itself. A, B, and C indicate the order of steps in operation 1s not recommended at this 
procedure. time. Trauma may gain importance 
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Fig 9.—Arteriegrarss showing aneurysmal dilation and stabilization in size of a right 
saphenous vein Zeeft in a 5-year-old girl. Films over a three-year period. 


with the inereased salvage of patients 
receiving m=sssive automotive in- 
juries. All pacients sustaining renal 
trauma shoul be observed carefully 
for the late develooment of hyperten- 
sion secondary to renal artery disrup- 
tion. 

Renovascular hypertension in the 
pediatric patent may be severe and 
resistant to medical therapy. Ju- 
dicious useof arteriography and renal 
vein renin assays will identify cor- 
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Francis Rawicsax, MD, Charlotte, NC: 
First of all, I wa ldlike to congratulate Dr. 
Fry for the task of calling attention to this 
very important subject. His clinical results 
are certainly scmmendable. 

I would like -o remark, however, that 
angioplasty -oes not always solve the 
problem of r=mevascular hypertension in 
children. I wak lixe to illustrate this with 
two cases. The first is that of a 6-year-old 
boy who had sever2 abdominal coarctation 
with extensive >ilateral renal artery ste- 
nosis. A erimped Dacron prosthesis was 
used to bypass the eoarctation, reaching 
from the dessendimg thoracic aorta down 
to the aortie aifureation, and the saph- 
enous vein grat was used to graft the 
right renal artery. The very small left kid- 
ney was left im peace, but we plan to re- 
move it imthe æa” future. Tre blood pres- 
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rectable renovascular hypertension. 
Fibromuscular dysplasia of the renal 
artery is a common cause of renal ar- 
tery stenosis in the child. Precise 
and careful operative techniques can 
achieve a high primary cure rate 
without sacrificing renal parenchyma. 
Maintenance of normotension for as 
long as nine years, without late fail- 
ure, encourages us to advocate revas- 
cularization of renal artery stenoses 
in children as a primary method of 
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Discussion 


sure of the child fell from 280 mm Hg 
systolic to 160 mm Hg. 

The second case is that of a 12-year-old 
girl who had a mild stricture of the left re- 
nal artery and complete occlusion of the 
right renal artery. The right kidney was 
small and was located very high under the 
liver. In our opinion, angioplasty could not 
have been performed successfully. 

In this patient, the right kidney was re- 
moved from the body, and angioplasty was 
done “on the table,” and then the right kid- 
ney was implanted into the right hypo- 
gastric area. The blood pressure of the 
child was 240/140 mm Hg before surgery 
and now is down to normal. 

RONALD STONEY, MD, San Francisco: I 
enjoyed Dr. Fry’s paper that brings to our 
attention the potential cure, without ne- 
phrectomy, for most children with reno- 
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Fig 10.—Right renal arteriogram in a child 
following an automobile injury. Notice mul- 
tiple areas of partial disruption (arrows) of 
the renal artery. 


therapy. Preservation of renal func- 
tion and the prevention of dire conse- 
quences of uncontrolled hypertension 
should be kept in mind. 
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vascular hypertension. 

Arterial reconstruction and conservation 
of renal tissue also has been our approach 
in children with renal artery disease. We 
are concerned about the problem of aneu- 
rysmal dilation that Dr. Fry described to- 
day in two of the 12 vein grafts that he in- 
serted and is currently observing. With 
this in mind, we have preferred arterial 
autografts as renal artery substitutes, a 
concept that Dr. Wylie introduced to this 
society a decade ago. 

The hypogastric artery has been quite 
satisfactory for single renal substitutions 
or bypass. It is chosen because it can be ob- 
tained within the operative area and does 
not require graft replacement at its donor 
site. The technical ease of handling an ar- 
tery simplifies the operative procedure, 
and the behavior of arterial autografts has 
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been quite satisfactory in extensive follow- 
ups at our institution. 

When the hypogastric and external iliac 
arteries are used together with the com- 
mon iliac artery, a graft applicable for bi- 
lateral repairs is possible and will be 
shown in the slides. 

Hypogastric artery was used for single 
renal substitution in a 7-year-old boy. 
There was preoperative stenosis but later 
a satisfactory function graft was estab- 
lished in this normotensive patient. 

The versatility of the autogenous iliac 
system when used to manage bilateral re- 
nal artery lesions (intimal fibrosis in a pa- 
tient with Recklinghausen disease) should 
be mentioned. Dr. Fry mentioned that the 
arterial lesions seen in this disease were in 
the media. In three patients with Reck- 
linghausen disease and renovascular hy- 
pertension that we have treated, the path- 
ologic reports indicated the renal artery 
stenosis was due to intimal fibrosis. 

We chose a combined prosthetic and au- 
togenous method for repair in one patient. 
Hypogastric and external iliac arteries to- 
gether with the common iliac artery were 
resected and right iliac continuity restored 
with a tubular prosthesis. A prosthetic 
patch graft was applied to widen the aortic 
coarctation. The common iliac artery was 
then anastomosed end-to-side to the ante- 
rior aspect of the subrenal aorta, and the 
hypogastric artery and external iliac ar- 
tery branches were attached to the renal 
arteries, restoring renal perfusion in this 
8-year-old girl. She became normotensive 
following operation. 

The bilateral autogenous renal grafts 
were widely patent in another patient. Our 
experience with three forms of renal ar- 
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tery disease causing hypertension in the 
pediatric age group included: (1) fibro- 
muscular dysplasia, (2) hypoplasia of the 
renal vasculature, and (3) intimal fibrosis 
associated with Recklinghausen disease. 
The cure rate is high in this group of pa- 
tients and revascularization has been pos- 
sible in the majority. Failure to control 
hypertension was due entirely to contra- 
lateral disease that was not amendable to 
repair. 

JOHN E. CONNOLLY, MD, Irvine, Calif: I 
would like to make one comment. 

With the increasing use of the saphe- 
nous vein for coronary artery bypass, I 
wonder if the occasional development of an 
aneurysm in the vein as reported today 
might not be related to the management of 
the vein during procurement. I wonder if 
we are not delegating the removal of the 
vein to the least experienced member of 
the team. The vein after removal from the 
leg can be damaged by overdistension and 
even by the saline that is commonly used 
to distend it. The patient’s own blood 
should be used to fill the vein to identify 
branches, and care must be employed not 
to damage the vein by trauma or over- 
distension. 

Dr. Fry: I would like to thank the dis- 
cussants. 

As far as coarctation of the abdominal 
aorta is concerned, we have one patient in 
our series in whom it has been less than a 
year since treatment. The remainder of 
our patients have been followed up for at 
least a year. The patient undergoing coarc- 
tation that we treated has not done as well 
as the one described by Dr. Robicsek, and 
we are in need of revascularizing the sec- 
ond kidney. 





As far as Dr. Stoney’s question about 
the Recklinghausen disease, we have gone 
over this carefully with our pathologists 
many times, and the consensus in our Pa- 
thology Department is that this is medial 
wall change. 

I believe that as we study this more, per- 
haps with the eleetron microscope, we will 
get some better icea of exactly what this 
lesion is. Certainly, it is different from the 
usual fibromuscular dysplastic lesion that 
we see either in children or adults. 

As far as the veins are concerned, Dr. 
Connolly, you are absolutely right. We had 
a 3-year-old child in whom a vein graft was 
put in a segmental vessel. One year after 
the operation the vein graft was perfectly 
satisfactory. 

Another child is now 16 years of age. She 
was 13 when she had her operation, and 
has since gone through the growth spurt of 
puberty, showing the accommodation of 
this vein well for the change in size of her 
renal artery. There is continuing good 
function without aneurysmal dilation. 

The two patients that have aneurysmal 
dilation were operated on relatively early 
in our series, when we did not feel that 
careful handling of the vein was necessary; 
I would only emphasize the point that Dr. 
Connolly made: when you procure the vein, 
you must do this with great care. We feel 
that cooling may be helpful; at least it will 
help preserve the intima for the short time 
that it is out of the body, and perhaps this 
will help keep the vein from degenerating 
at a later time. 

I wish again to thank the association for 
the privilege of presenting this material. 
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Direct Myocardial Revascularization 


Determinents in the Choice of Vein Graft or Internal Mammary Artery 


Harjee: Singh, MD; Robert J. Flemma, MD; Alfred J. Tector, MD; 
Derward Lepky, Jr., MD; Jonn A. Walker, MD, Milwaukee 


indications ter the use of direct mammary 
artery andwvein graft are emerging from crit- 
ical review of results in over 2,000 patients 
following myocardial revascularization. Fac- 
tors such as patency, stenosis, late changes, 
adequacy of fiow, choice of recipient vessel, 
and myocardium play a role n determining 
whether mammary artery or vein graft will 
be of optimal value. Average flows in veins 
are substantiaily greater than in the mam- 
mary artery. Imeur cases the right mammary 
artery had the least flew. Patency with mam- 
mary artery wes higher than veins, but when 
flow was greater than 70 mi/min in veins, 
long-term patency was 90%. When vein flow 
was low, late closure was increased and 
mammary artery offers superior results. Po- 
tential for high or low flow was a critical dif- 
ferential point in choesing the bypass vessel 
and was determined by utilizing angiogra- 
phy, ventriculography, and intraoperative 
evaluation. 


The use of autogenous saphenous 

vein craft’? and, lately, internal 
mammary arteries** to bypass ob- 
struction ir the coronary arteries is a 
major recent advance im direct revas- 
cularizatiom of the heart. The superi- 
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ority of autogenous arteries over vein 
grafts is claimed because the delayed 
patency rate of autogenous arteries is 
of the order of 96% to 98% when com- 
pared to that of vein graft procedures 
(80% to 85%).*° This superiority of 
patency is thought to be due to the 
smaller nature of the arteries of com- 
parable size to the coronaries, making 
better arterial grafts than veins. We 
have studied the problem with a view 
to finding if there is an optimal choice 
for the use of either modality in pref- 
erence to the other in a given clinical 
setting and whether the limitations 
underscored by each method of direct 
revascularization may provide a bet- 
ter choice between the usage of 
either. 


Clinical Material 


One hundred consecutive patients un- 
dergoing cardiopulmonary bypass for di- 
rect internal mammary-coronary artery 
(IMA-CA) anastomosis were studied for 
flow rates about 30 minutes after termi- 
nation of bypass. Ninety-two patients 
were men. Their ages ranged from 31 to 68 
years, and 56 patients were within the age 
range of 51 to 60 years. Twenty patients in 
the group had elevated left ventricular 
end-diastolic pressure (LVEDP), which 
ranged from 15 to 28 mm Hg with a mean 
value of 21 mm Hg. The total number of 
internal mammary artery procedures car- 
ried out was 118 in the 100 patients (Table 
1). The 20 patients with raised LVEDP re- 
ceived 32 vein grafts and 22 left internal 
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mammary artery anastomoses to the coro- 
nary arteries. Forty-six patients were 
studied from a period ranging from three 


weeks to 18 months, the mean period of ob- — 


servation being 5.1 months, for angio- 
graphic evidence of patency of IMA-CA 
anastomosis. Two deaths in the group, due 
to acute myocardial infarction postopera- 
tively, were studied at autopsy. 

The technique of cardiopulmonary by- 
pass was standard in the 100 patients stud- 
ied. Physiological flow rates were stabi- 
lized at perfusion pressures adequate for 
urine flow. Rectal temperature was al- 
lowed to drift to 34 C. The electromagnetic 
flow device fitted snugly around the vessel 
for measurement of flow. The wave form 
had to conform to the standard configura- 
tion before being accepted as valid for the 
study. Angiographic evidence of substan- 
tial narrowing or graft closure was con- 
firmed by at least one radiologist indepen- 
dent of the assessor. 


Results 


Table 2 shows the results of flows in 
the IMA-CA anastomoses in the 118 
procedures performed. The mean flow 
was 45 ml + 14/min. The mean flows 
in the left IMA-CA anastomoses were 
significantly higher (48.0 ml) as com- 
pared to the right IMA-CA anasto- 
moses (36.5 ml). 

In the group of patients with raised 
LVEDP, the mean flow in the 32 vein 
grafts (66.0 ml) was considerably 
higher than the left internal mam- 
mary-left anterior descending coro- 
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nary artery anastomoses (35.5 ml) 
(Table 3). 

Table 4 shows the rate of signifi- 
cant anastomotic narrowing or proxi- 
mal closure of the internal mammary 
artery to be 10%, and the rate of de- 
layed closure as 4% in the artery. Fig- 
ure 1 represents the narrowing at the 
site of anastomosis seen at angiogra- 
phy. The two patients who died dur- 
ing the early postoperative period 
(seventh and 16th postoperative days, 
respectively) presented the following 
findings at necropsy: (1) recent myo- 
cardial infarction of the septum and 
the anterior left ventricular wall in 
the area of supply of the left anterior 
descending vessel. In one patient, this 
had resulted in a ventricular septal 
defect. (2) The left internal mam- 
mary artery-left anterior descending 
artery anastomosis was patent in 
both patients, but there was a recent 
thrombus in the left anterior de- 
scending coronary artery distal to the 
site of the anastomosis. 

The flows in the IMA-CA anasto- 













Right internal mammary artery 


Table 3.—Bypass Flow in 20 Patients 
With Raised LVEDP* 
ae 





Mean Flow, 
ml/min 


22 35.5412 


Procedure 


Left internal 
mammary to 
left anterior 
descending 

anastomosis 
Aorto- 32 
coronary 

vein graft 

















66.0413 






* LVEDP indicates left ventricular end- 
diastolic pressure, 
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moses in these two patients at the 
time of surgery were measured at 20 
ml/min. 


Comment 


In a previous work,’ we reported blood 
flows in 226 aortocoronary peripheral 
saphenous vein bypass grafts in 125 
patients. Our present study and that 
of others.** confirms the fact that pe- 
ripheral saphenous vein grafts pro- 
vide greater flows than the internal 
mammary artery in direct revascular- 
ization procedures of the heart. It has 
been shown that the major factor cor- 
relating with occlusion in vein graft 
procedures is the low flow rates at the 
time of surgery.'’"'* The potential low- 
flow situation is better met for long- 
term patency by IMA-CA anastomo- 
sis. In the presence of vein graft 
flow from 0 to 20 ml/min, two-year 
patency is 50%; 21 to 40 ml/min, 79% 
patency; 41 to 70 ml/min, 84% paten- 
cy; and 71-180 ml/min, 90% paten- 
cy.” The more adequate flow and ex- 
cellent late patency would favor vein 


Table 1.—Number of Internal Mammary Artery Procedures Carried Out 
TEN EER OM TERNS CPt R he he A geal ETE E E TE A nae 


Left Internal Right Internal 
Mammary Artery Mammary Artery 
Left anterior descending 73 16 
Diagonal 6 4 
Right coronary or marginal ay 4 
Circumflex marginal 15 ey 
Total 94 24 





Table 2.—Mean Flows in the Internal Mammary-Coronary Anastomosis 


i Right Coronary or Circumflex 


36.5+13 3515 








Proximal closure of IMA 
70% narrowing at anastomotic site 


70% narrowing immediately proximal, 
distal to, and at anastomotic site 







4515 





bypass for the potential high-flow sit- 
uation. Despite claims to the con- 
trary, however, lower flow rates in 
the IMA-CA anastomosis may well 
have played a role in two peri- 
operative myocardial infarctions 
since IMA flow of 20 ml/min may 
have been inadequate. Nor are we so 
sanguine about the anastomotic com- 
plications and proximal occlusions 
seen in the IMA-CA anastomosis. We 
attribute this to the smaller diameter 
of the vessel for anastomosis as well 
as higher incidence of atheromatous 
involvement of the IMA than is gen- 
erally realized. The internal diameter 
of the IMA at the sixth intercostal 
space is much more variable, and sizes 
less than 2.0 mm are not infrequent. 
The vessel should be visualized at pre- 
operative catheterization if its use is 
contemplated, to rule out the athero- 
matous involvement that we have 
seen. 

The point of some controversy and 
considerable importance is whether 
higher flows as provided by the use of 

















No. of Mean Flows, Left Anterior C n 
Procedures ml/min Descending Diagonal Marginal Marginal 
Left internal mammary artery 4 45.0+17 48+14 4425 ty 4814 





3444 





Table 4.—Complications of IMA-CA* Anastomosis in 46 Patients at Angiography 


No. of Patients 


2 
2 4 
1 2 


- Delayed closure 2 4 


* IMA-CA indicates internal mammary-coronary artery. 
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Fig 1.—Narrawing in left IMA-CA anasto- 
mcsis (arrows) 


—IMA. 





/ Eden LVED pressure is normal 
2 Wæ potential for low flow exists 
Fig 4.—Low left anterior descending 
(LAD) lesion weated by left internal mam- 
mary artery MA) to LAD anastomosis. 
Low-flow situgteon. Circumflex (CIR), left 
ventricular ene diastolic (LVED). 


the periphe-al saphenous vein grafts 
are either necessary or even advanta- 
geous to th= myocardium.’ Our study 
has at least snewn that with increase 
in LVEDP, anean flow in the IMA-CA 
anastomoesi-. fell significantly (49.0 ml 
to 35.5 ml), out the flows in the vein 
grafts rem aed constant (63.0 ml to 
66.0 ml). Thus, with increasing resist- 
ance to flaws, the lower flow rates 
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—Ist MARG. 


Fig 2.—Left main lesion treated by two 
vein grafts (VG). High-flow situation. Cir- 
cumflex (CIR), marginal (MARG), and left 
anterior descending (LAD). 


Table 5.—utilization Criteria 
a AEE 
internal Mammary 
Artery 


2 mm or greater 
Unimpeded flow, 
> 100 ml/min 
Anticipated 
low-flow 
situation 
Normal LVEDP 
LIMA to left CA 
Rare to use RIMA 


Saphenous Vein 

Anticipated high 
flow, ie, left 
main, high 
LAD* with 
normal myocar- 


dium 
Elevated LVEDP 





* LAD indicates left anterior descending; 
LVEDP, left ventricular end-diastolic pres- 
sure; LIMA, left internal mammary artery; 
CA, coronary artery; and RIMA, right in- 
ternal mammary artery. 


were very much more affected than 
the higher. Higher flows would seem 
to be advantageous when the LVEDP 
is raised and, on a similar basis, when 
peripheral runoff is relatively poor. It 
would seem to be favored when the 
disease in the other vessels has not 
been bypassed, and the mass of myo- 
cardium to be revascularized is 
greater. Higher flows and provision 
of more graft procedures in our expe- 
rience guard against the development 
of myocardial infarction associated 
with this type of surgery. 

The higher flows in vein grafts 
originating from the ascending aorta 
is ascribed to the higher prolonged di- 


M.A, 





Fig 3.—High left anterior descending 
(LAD) lesion treated by vein graft (VG) to 
LAD and internal mammary artery (IMA) 
into first diagonal (DIAG). Combination 
high- and low-flow situation. 


astolic graft filling than in the in-situ 
IMA.” Higher flow rates reported in 
the free IMA graft from the aortic 
root to the CA would tend to support 
this hypothesis.’ Apart from the 
radius of a vessel, and the ratio of 
radii of the graft vessel to the recipi- 
ent coronary artery," the length of a 
narrow vessel would be a determi- 
nant of possible flow. In our study, 
the right IMA was distinctly at a dis- 
advantage compared to the left in 
providing higher flows. Hence, there 
would seem to be a limitation to the 
length of the IMA that can be used to 
carry effective volume flow to distal 
sites in the coronary circulation. This 
would be particularly so when it has a 
relatively narrow lumen. The free 
IMA graft may provide an answer, 
but it remains to be seen whether the 
delayed patency rate of the free IMA 
graft with the need for two anasto- 
moses in a narrow lumened vessel re- 
mains the same as with the in-situ 
IMA anastomosis. 

Our criteria for the use of left IMA, 
its having been determined from pre- 
operative angiography and left ven- 
triculography that the area of myo- 
cardium to be revascularized is such 
in which anticipated flow required 
would be low and hence suitable for 
left IMA anastomosis, are based on 
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" the following: (1) that inspection of 


the in-situ left IMA at the level of the 
sixth intercostal space reveals a ves- 
sel greater than 2 mm in diameter 
and approximately the size of the CA 
to be grafted; (2) that blood flow from 
the cut end of the artery is greater 
than 100 ml/min without resistance; 
(3) that gently probing and palpating 
the whole length of the IMA reveals 
no obstruction by atheromatous pro- 
cess. Based on the above criteria, ac- 
companying Fig 2 through 4 indicate 
our present view on the site of vein 
graft and left IMA in the clinical sit- 
uations indicated. 


Conclusions 


Apart from the availability of good 
vein graft and good-caliber IMA, 
three major criteria for choice be- 
tween the two emerged from our 


1. Favaloro RC: Pephenays vein auto- 
graft replacement of severe segmental 
coronary artery occlusion: Operative tech- 
nique. Ann Thorac Surg 5:334-339, 1968. 

2. Johnson WD, et al: Extended treat- 
ment of severe coronary artery disease: A 
total surgical approach. Ann Surg 170:460- 
470, 1969. 

3. Green GE, et al: Anastomosis of in- 
ternal mammary artery to distal left ante- 
rior descending coronary artery. Circula- 
tion 41(suppl 2):79-89, 1970. 

4. Green GE, et al: Arterial and venous 
micro surgical bypass grafts for coronary 
artery disease. J Thorac Cardiovase Surg 
60:491-504, 1970. 

5. Spencer FG, et al: Bypass grafting 
for disease of coronary arteries. Ann Surg 


JAMES C. STANLEY, MD, Ann Arbor, 
Mich: There exist a number of facts in sup- 
port of the authors’ conclusion that no one 
graft material should be used to the exclu- 
sion of others when undertaking coronary 
artery revascularization. Recently, Wil- 
liam J. Fry and I have undertaken a study 
of ischemic injuries incurred by vein seg- 
ments during their procurement and prep- 
aration for transplantation. Although our 
primary interests relate to medial events 
and aneurysmal change in _ aortorenal 
grafts, the ischemic disruption of intimal 
structures becomes most significant in low- 
flow states and perhaps explains some of 
the findings in aortocoronary artery 
reconstructions. 

Scanning electron microscopy of the in- 
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study: (1) The average flow provided 
by the vein grafts being greater than 
that provided for the IMA (63:45 
ml/min), there is justification for the 
use of vein grafts when confronted 
with a potential high-flow situation 
with proximal lesions and large mass 
of normal contracting myocardium. 
(2) Strikingly higher flows were deliv- 
ered by the vein graft as compared to 
IMA in the presence of elevated 
LVEDP. Of the two IMA, we confirm 
that only the left can be relied on to 
provide adequate flows (41 ml/min) 
when preferentially anastomosed to 
the left anterior descending or proxi- 
mal circumflex. The longer or more 
tortuous the path the IMA has to tra- 
verse, the greater is the attendant 
drop in blood flow and, therefore, 
adequacy of blood supply. (3) Al- 
though the incidence of delayed clo- 


References 


173:1029-1044, 1971. 

6. Edwards WD, Blakeley WR, Lewis 
CE: Technique of coronary bypass with au- 
togenous arteries. J Thorac Cardiovasc 
Surg 65:272-275, 1973. 

7. Johnson WD, Flemma RJ, Lepley D: 
Determinants of blood flow in aortic-coro- 
nary saphenous vein bypass grafts. Arch 
Surg 101:896-810, 1970. 

8. Green GE, Hutchinson JE, McCord C: 
Choice of saphenous vein segment for 
sorto coronary grafts. Surgery 69:924-927, 
1971. 


9. Loop FD, et al: The free internal 
mammary artery bypass graft: Use of the 
IMA in the aorto-to-coronary artery posi- 
tion. Ann Thorac Surg 15:50-55, 1973. 

10. Grondin CM, et al: Aorto-coronary 


Discussion 


terior of autogenous saphenous vein seg- 
ments, fixed for study immediately upon 
removal in the operating room, has con- 
firmed the existence of an intact endothe- 
lial lining cespite the trauma of excision. 
Distention of vein segments with heparin- 
ized saline or normothermic storage for as 
little as 20 minutes invariably results in 
disruption of the endothelial cells. Expo- 
sure of subendothelial collagen bundles 
provides a new interface with the blood 
stream, upen which platelet aggregation 
and fibrin deposition occur. In the vast ma- 
jority of arterial reconstruction, this is 
part of an uneventful reparative process. 
In low-flow states, thrombus accumulation 
may compromise the graft lumen. Resolu- 
tion of excessive coagulum may account 





sure in the IMA-CA anastomosis is 
less, there is a higher incidence of oc- 
clusion at the site of anastomosis at 
surgery due to smaller caliber of the 
vessel (Table 4). 

Table 5 summarizes the clinical set- 
tings for the use of both IMA and 
vein graft suggested by the above 
data. 

We believe there is an optimal situ- 
ation in the usage of either method 
and that not only ean the anastomotic 
problems and problems of delayed clo- 
sure be mitigated by the right choice 
of method, but the vascular demands 
of the heart can be better met in a 
given clinical setting by the proper 
procedure. 


Howard Zeft, MD, Henry Gale, MD, John Hus- 
ton, MD, and Jack Manley, MD, have observed 
and restudied these patients. 
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for diffuse vein graft contraction; a phe- 
nomenon almost unique to aortocoronary 
artery revascularizations. 

Arteries as well as veins are subject to 
what are thought to be ischemic intimal in- 
juries, but there is evidence that such 
events in arteries are less extensive. Fur- 
thermore, it is perhaps logical that internal 
mammary artery grafts, having smaller 
diameters and greater flow velocities than 
do larger vein grafts, are less subject to 
excessive thrombus formation. The au- 
thors are to be complimented for this ex- 
cellent clinical study. 

AKIO WAKABAYASHI, MD, Irvine, Calif: I 
enjoyed this paper very much, especially 
the point that when the left ventricular 
end-diastolic pressure was elevated, blood 
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flow through the nternal mammary artery 
graft was low. 

Many faccors miueace the long-term 
patency rate amd Hooc flow through the 
coronary bypass grefts. We performed an- 
imal experimeres =veral years ago, and 
Pd like to show seme of our results. 

This slide shows pressure tracings taken 
from the tips o the three grats. The ex- 
treme left is a gratt omiginating from the 
ascending aorta The middle tracing is 
taken from a graf. omginatirg from the 
descending aort,.aad on the extreme right 
is the pressur= tracing of the internal 
mammary artery 

As you mote. puse pressure of the as- 
cending aorta zaf is the least, and that 
of the intern nammary artery is the 
highest. However, the mean diastolic pres- 
sure of the in-ernal mammary artery is 
significantly lower. compared to the other 
types of grafte 

As a result, whem we anastamosed these 
grafts to the crcamflex coronary artery in 
norma! dogs, the »lbod fow through the as- 
cending aorta epwim graft was 100% of the 
normal base lias flbw, and that of the de- 
scending aorta graft flow was 50%, and 
that of the intema mammary artery was 
only 35% o: th- marmal base line coronary 
blood flow. 

Therefore, we cencluded that the origin 
of the bypass graf- is a very important de- 
terminant factor ia the blood flow through 
the bypass gr==. 

This slide i= a picture of an excised hu- 
man internal mearmary artery. The proxi- 
mal portion is saown on your kft. If we ex- 
cise the intemal mammary artery and 
anastomose tle proximal end to the as- 
cending arta, we have a much higher 
blood fow tkrcugh that graft because 
mean diastoli pyessure becomes higher 
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and also size of the proximal artery is com- 
parable to the size of the coronary artery 
of the human being. In conclusion, when- 
ever the use of the internal mammary ar- 
tery graft is indicated, we recommend ex- 
cision of its origin from the subclavian ar- 
tery and reanastomoses to the ascending 
aorta. 

HENDRICK B. BARNER, MD, St. Louis: 
Proceeding on a philosophy based on data 
presented to this society last year, we have 
used internal mammary artery to recon- 
struct coronary arteries in 90 patients, 40 
of these patients having had double inter- 
nal mammary bypass. Only one internal 
mammary artery in this group could not be 
used because of atherosclerosis. No inter- 
nal mammary artery was felt to be too 
small, all internal mammary arteries hav- 
ing an internal diameter of 1.5 to 2.5 mm. 

Mean basal graft flow in the internal 
mammary artery is not statistically differ- 
ent from vein graft flow to any coronary 
artery. However, reactive hyperemia flow 
and peak papaverine hydrochloride flow 
are distinctly less for internal mammary 
artery when compared with saphenous 
vein. 

-Although vein patency correlates with 
flow, it is not a simple matter to predict 
which vein grafts are going to carry high 
flows, and high flows do not alter the 10% 
to 20% incidence of intimal proliferation. 

In addition, hospital patency rates for 
the internal mammary artery are about 
95%, whereas they are less than 90% in our 
hands for vein grafts. On this basis, we 
have continued using the internal mam- 
mary artery, even though flow capacity is 
restricted, believing that a patent graft 
with limited flow is better than an occluded 
graft. 

Dr. FLemMMaA: I am going to have to 





reassure Dr. Barner that we really weren't” 
trying to cut off his discussion. 

Dr. Stanley, we certainly agree that the 
problem in the handling of the veins is that 
they must be handled with utmost care. 

Dr. Wakabayashi, we certainly have fol- 
lowed your work in the past, and I think 
that was what stimulated Dr. Singh to look 
up the effect of elevated end-diastolic pres- 
sure on flow, and to show the interesting 
point that it is markedly decreased, which 
would certainly tend to confirm your 
thoughts on this. 

Dr. Barner raised many points on this, 
but we would like to say that in the sum- 
mary slide we don’t use the mammary ar- 
tery if it is less than 2 mm after it has 
been sprayed with papaverine hydrochlo- 
ride prior to bypass, and we dilate it if 
there is any question. 

We also like to have a flow of around 100 
ml/min unimpeded, because the flow is 
much less after we have installed the 
anastomosis. 

The saphenous grafts—long-term results 
are out to two years, with 90% patent in 
the higher flow range—are very encour- 
aging, and have led us to continue to try 
and predict the high-flow situations that I 
think the ventriculogram can help you 
with. Normal myocardium is going to offer 
a low-resistance outflow bed. The occur- 
rence of two infarctions in technically sat- 
isfactory mammary arteries into beds that 
probably could have taken a higher flow— 
and death of these patients—is something 
that is of concern; and certainly we hope 
that these studies will start us on the way 
to finding the better determinants to pick 
the right vessel to use. We certainly feel 
that we can optimize our results as we look 
at more factors. 
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he controversial adenoma 


Jne of the most common 
esions of the GI tract. Often 
symptomatic. Often an 
ndication of the presence 
ınd/or development of more 
dOlyps. It has a much- 
ebated relationship to 
>olonic cancer. Some think 
actually degenerates into a 
>arcinoma. Some think not. 
hen polyps are present in 
he distal colon, the best way 
0 find them is through con- 
entional sigmoidoscopic 
2xamination. And, be they 
>enign or malignant, the best 
herapy is removal. 


aa/lany surgical procedures 
>an contribute to temporary 
,0Stoperative constipation. 
o help return bowel function 
o normal as quickly and as 


gently as possible, consider 
FLeeT ENEMA for postopera- 
tive constipation relief. 

@ Works rapidly, usually 
within 2 to 5 minutes 

@ Cleanses the leftcolonand 
rectum; spares upper por- 
tions of the GI tract 

E Ready to use, easy to use, 
completely disposable 

E Unique construction regu- 
lates flow; prevents leakage 
and reflux 

E Anatomically correct, 


prelubricated rectal tip helps 
avoid injury to kowel wall 


Fleet Enema 


Fast, effective relief of 
postoperative constipation 
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Contraindications: Do not use 
when mausea, vomiting, or ab- 
domina! pain is present. Warn- 
ings: Frequent or prolonged use 
of enemas may result in de- 
pendence. Take only when 
needed or when prescribed by 
a physician. Precautions: Do not 
administer to children under 
two years of age unless directed 
by a physician. 

FREE BOOKLET. A supply of a 
patient booklet, Protecting 
Yourself with a “Procto” Exami- 
nation, is available, free of 
charge, on request to C. B. 
FLEET CO., INC., P. O. Box 
1100, Lynchburg, Va. 24505. 
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Surgical Treatment 


of Partial Atrioventricular Canal 


Martin E. MeMul aa, MD; Dwight C. McGoon, MD; Robert B. Wallace, MD; 
Gordon E. Danidson, MD; William H. Weidman, MD, Rochester, Minn 


AnalysS of ear -esults of partial atrio- 
ventricular (AV) canal deformity correction 
in 101 petients and of late results of these 
plus 131 patients treated earlier has focused 
on factoss affecting operative risk. Age at 
operation and heart size had possible rele- 
vance and the deg-e= of disability held bor- 
derline significance. Iperative mortality was 
5.6%; estimated lace-survival of the remain- 
ing patients at 5, 0, and 15 years was 
96.5%, 95.3%, and $3.8%. Preoperative car- 
diac enlargement was the only significant 
factor reEted to the late result. 

Mitral valvular deformity, which figures 
importan-ly in the causes of early and late 
failures, s difficult to evaluate because of 
the lack of quanttafive methods of assess- 
ment. Accurate sepair of the mitral valve 
cleft is required; determination of residual 
severe mtral regung@ation after repair is de- 
sirable tc permit méral replacement at the 
time. 


uccessful correction of the par- 
tia form of atrioventricular 
(AY) canal is new readily achievable. 
The mest challerging technical fea- 
tures of this anomaly are the associ- 
ated mitral va vular deformity and 
the frequent mability to obtain mi- 
tral competence. This study was un- 
dertaken to determine the factors 
that influence ‘erg-term survival and 
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well-being in patients with partial 
AV canal defects undergoing correc- 
tion, especially in relation to the mi- 
tral valve. 


Report of Cases 


Between March 1955 and September 
1972, 232 patients underwent correction of 
the partial form of AV canal. (We define 
the partial form of an AV canal as an os- 
tium primum atrial septal defect without 
an interventricular communication in the 
basilar portion of the ventricular septum, 
usually with a cleft in the mitral valve.) 
The details of 131 of these patients (series 
1) have already been reported,' and in this 
report attention will be focused on their 
course only as it pertains to long-term 
follow-up. 

Between January 1964 and September 
1972, the remaining 101 patients (series 2) 
underwent surgical repair of the partial 
form of AV canal. This group of patients 
comprised 47 males and 54 females; their 
mean age was 9.6 years (range, 3 months 
to 48 years). With respect to severity of 
symptoms, the New York Heart Associa- 
tion Classification (NYHC) was used, al- 
though it is less suitable for infants; 62 
patients were considered to be asympto- 
matic and in class I, 24 were in class II, ten 
were in class III, and five patients were in 
class IV. 

The following associated anomalies were 
found in 40 patients (in some patients 
there was more than one anomaly): 


Secundum defect 20 
Pulmonary stenosis (>20 mm Hg 

peak systolic gradient) 9 
Anomalous superior vena cava (SVC), 

including left SVC 7 
Perforated mitral leaflet or 

accessory orifice of mitral valve 6 


Common atrium 4 
Ventricular septal defect 

(not of the AV canal type) 4 
Coarctation 3 
Partial anomalous pulmonary 

venous connection 1 
Patent ductus arteriosus (PDA) 1 
Subaortic and supravalvular 

aortic stenosis 1 
Pulmonary valvular insufficiency 1 
Isolated dextrocardia 1 
Isolated levocardia 1 


pà 


Double outlet right atrium 

Cardiac catheterization was performed 
prior to operation in 74 patients, either at 
the Mayo Clinic or in their home institu- 
tion. The ratios of pulmonary flow to sys- 
temic flow (Qp/Qs) averaged 2.7 (range, 1.3 
to 5.6). In patients without pulmonary ste- 
nosis the pulmonary resistance (Rp) aver- 
aged 2.7 Um’ (range, 0.5 U to 7.5 Um?) and 
the mean pulmonary artery pressure was 
44 mm Hg (range, 17 to 85 mm Hg). Pul- 
monary artery pressures greater than 30 
mm Hg were found in 36 patients. 

The degree of mitral regurgitation was 
assessed both before and during operation. 
Before operation, assessment was clinical 
and angiographic. Clinically, the typical 
apical systolic murmur was graded from 
mild to severe (Table 1); regurgitation was 
absent or mild (grade 1-2/6 murmur) in 35 
patients, moderate (grade 3-4/6 murmur) 
in 62 patients, and severe (grade 5-6/6 
murmur) in one patient. The murmur could 
not be adequately evaluated in three pa- 
tients. Left ventricular angiography was 
performed in 36 patients (Table 1); regur- 
gitation was graded as mild in 18 patients, 
moderate in 11 patients, and severe in 
seven patients. 

During operation, further attempts to 
assess the degree of mitral regurgitation 
were made prior to bypass; assessment 
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4 


Matifa 


Before Operation 


Physical 
Grade of Murmur Examination 
None to mild (1-2) 
Moderate (3-4) 
Severe (5-6) 


Totals* 


Table 1.—Estimation of Mitral Regurgitation 


At Operation 


rn ea ane 


Palpation 
Left Ventric Prerepair 
Angiography (Intra-atrial) 
18 65 
11 16 
7 
36 





* Total numbers of patients for whom these data were available. 


Table 2.—Causes of Hospital Mortality 


Interval 
Until Death 


1 Day 


Cause of Death 


Low cardiac output 


4hr Low cardiac output (receiving propranolol hydrochloride 
preoperatively) 


1 mo 


Recurrent atrial septal defect, mitral 


regurgitation (?), respiratory complications* 


At operation 
2 mo 


Mitral regurgitation (attempted annuloplasty) * 
Mitral regurgitation, recurrent atrial septal 


defect (mitral valve replaced 1 mo postop) 


1 Day 
18 hr 


Respiratory insufficiency* 
Arrhythmia (ventric tachycardia progressing 


to fibrillation) * 


2 Day 
* Autopsy obtained. 





Acute pericardial tamponade 


Table 3.—Age and Hospital Mortality 


No. of patients 


No. (%) dying 
in hospital 


was by intra-atrial palpation (prerepair, 
intra-atrial via appendage; postrepair, pal- 
pation of posterior left atrial wall) in 88 
patients and by double-sampling dye-dilu- 
tion studies in 17 patients. (Indocyanine 
green was injected into the left ventricle 
while blood was being sampled from the 
aorta and left atrium, and curves were 
made from each sampling site of dye con- 
centration.) 

The severity of regurgitation on angiog- 
raphy correlated poorly with the degree 
found by auscultation, intra-atrial palpa- 
tion, and analysis of dye curves (Table 1); 
regurgitation graded as severe by one 
method was not always graded as severe 
by another method. 

At operation all patients were found to 
have the typical ostium primum atrial sep- 
tal defect, and all but two patients were 
found to have a cleft (either complete or 
incomplete) in the anterior leaflet of the 
mitral valve. Examination of the tricuspid 
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3 (9.1) 


Age Groups (yr) 
2-5 6-19 


33 42 





1 (2.1) 


valve revealed a deficient or under- 
developed septal leaflet in 44 patients, but 
significant tricuspid insufficiency was 
diagnosed by palpation in only two pa- 
tients. 

Operation was performed through a me- 
dian sternotomy. Right atriotomy, as pre- 
viously described,’ was performed under 
total cardiopulmonary bypass (perfusate 
temperature, 30 C). In cases of significant 
mitral regurgitation and a cleft anterior 
leaflet of the mitral valve, the cleft was su- 
tured with interrupted fine silk sutures, 
appropriate coaptation was attempted by 
matching the thickened, rolled leaflet tis- 
sue along each edge of the cleft, and the in- 
teratrial septal defect was closed by means 
of a prosthetic (two-thirds) or pericardial 
(one-third) patch. In order to ensure integ- 
rity of the conduction tissue, the aortic 
clamp was released and the heart was al- 
lowed to resume beating during the posi- 
tioning and tying of the patch-sutures in 


Postrepa 
(Extra-atrial) 


ir Dye Curves 


Prerepair Postrepair 
11 
3 
0 


14 


the region of the His bundle. 

There were certain exceptions to this op- 
erative technique. In three patients with 
severe mitral regurgitation, mitral an- 
nuloplasty was also performed, and one pa- 
tient with deficient and fenestrated ante- 
rior and posterior leaflets required mitral 
valve replacement at the time of the initial 
operation. In 13 patients there was no mi- 
tral regurgitation and the cleft leaflet was 
not sutured. In two other patients a tri- 
angular defect in the mitral cleft necessi- 
tated attempted repair by suturing a tri- 
angular patch of pericardium into this 
deficient area. 

In no instance was the primum atrial 
septal defect closed by direct suture. Su- 
ture of a cleft septal leaflet of the tricuspid 
valve was performed in two patients and a 
tricuspid valve annuloplasty was per- 
formed in another. 


Results of Treatment 


Hospital Mortality.—Eight patients 
in this group of 101 died while they 
were still in the hospital (hospital 
mortality, 7.9%). The causes of death 
are listed in Table 2. 

An attempt was made to identify 
in this group of patients possible risk 
factors with reference to hospital 
mortality. First, hospital mortality 
among patients in each of four ar- 
bitrary age groups was compared 
(Table 3). Although the hospital mor- 
tality of patients aged 1 year or less 
was 27% and, in contrast, that of pa- 
tients in the 6 te 19 age group was 
only 2.1%, these differences were not 
statistically significant. 

Second, hospital mortality was 
compared among patients whose 
symptoms had been graded according 
NYHC (Table 4). As expected, the 
overall mortality was highest among 
those patients with the severest 
symptoms. 

Third, hospital mortality was com- 
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pared among patients grouped ac- 
cording to heart size as determined 
by cardiethoracie (C/T) ratio (Table 
5). Cardiomegaly was a finding in all 
eight patients who died while in the 
hospital. These cifferences are insig- 
nificant, however, because there were 
so few patients n eaeh group. 

Analysis of eatheterization data 
failed te reveal any correlation be- 
tween mortality and Rp, pulmonary 
artery pressure, or either of the two 
ratios, Qp/Qs and Rd” Rs. This does 
not take into account the rare patient 
for whom aperstion is inadvisable be- 
cause of sever pulmonary vascular 
obstructive disease (in general, Rp > 
10 Um”). 

Late Findings.—Of the 232 patients 
in both series undergoing total cor- 
rection of the partial atrioventricular 
anomaly, there were 219 survivors 
(overall surviva rate, 94.4%). Follow- 
up date om these patients were ob- 
tained ĉrom Meyo Clinic records, the 
patients’ families, or their physicians; 
information was available for 210 pa- 
tients (96.8%). 

The ane patient who underwent mi- 
tral valve repacement as a primary 
procedure has done well, although he 
still experiences dyspnea on moder- 
ately severe exertion. 

In addition to one patient who re- 
quired further surgery for mitral 
regurgitation and who died after 
operation. eigtt patients (3.8%) sub- 
sequently umcerwent mitral valve 
surgery three months to 14% years 
following the initial procedure, be- 
cause of severe regurgitation that 
was residual cr pregressive, or both 
(Table 6). There was no demonstrable 
correlation between the need for late 
mitral valve replacement and symp- 
tom class, age, mitral regurgitation 
as estimated by auscultation, or C/T 
ratio. Of this group of eight patients, 
two died. 

In additior to these two patients, 
11 ethers diec; three died of unrelated 
trauma and e ght died of factors re- 
lated to card ac dysfunction. Heart 
block wes responsible for death in 
three patients, all of whom died 
within five months of operation. In 
none of them was a pacemaker im- 
planted becaase these three patients, 
who were treated in the early phase 
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Table 4.—Severity of Symptoms and Hospital Mortality 


Symptom Class* 


No. of patients 


No. (%) dying 
in hospital 


* New York Heart Classification. 
t Findings for classes II, Ill, and IV as a group were significantly different (P = .05) 
from those for class I. 


Table 5.—Heart Size* and Hospital Mortality 


Ratio, C/T 


0.51-0.59 id 
No. of patients 48 d 
í 
t 
A 


No. (%) dying 


in hospital 2 (4.2) 


Table 6.—Reoperation for Mitral Regurgitation q 


Interval Before 4 
Reoperation Operation Result 


3 mo Valve replacement Class |* 

7 mo Valve replacement Died, low cardiac S 
output 

Class | (pacemaker 
inserted for heart 
block) 

Class | 

Died 4 mo later, 
mitral regurgitation 

Class II 

Class II 

Class I| (pacemaker 
inserted for heart 
block) 


9 mo Valve replacement 


lyr Valve replacement 
lyr Valvuloplasty 





Valve replacement 
Annuloplasty 
Valve replacement 


8lyr, 2 mo 
13 yr, 9 mo 
14 yr, 4 mo 





* New York Heart Classification. 


Fig 1.—Actuarial estimation of survival for total number of patients alive after 30 days in “eg 
whom follow-up data were available. ; | 


100 4 


90 TOTAL n 210 


Survival % 





0 5 10 15 20 
t 
t=time in years after 30 days following surgery 
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Survival % 








CLASS II 
CLASS Ill 


10 15 20 
t 


t=time in years after 30 days following surgery 


Fig 2.—Actuarial estimation of survival for preoperative symptom class (NYHC). 


Survival % 


0 5 





eis tn a cate ei ae tay Gait tee’ ei 5 <x S15 Yrs. 


$5 
15<X< 100 


10 15 20 
t 


t=time in years after 30 days following surgery 


Fig 3.—Actuarial estimation of survival for preoperative age. 


of our experience, underwent at- 
tempted correction prior to the devel- 
opment of the pacemaker. Congestive 
heart failure was responsible for 
death in two patients, at one year and 
2.5 years after operation. Probable 
arrhythmia was the cause of death in 
two patients who died rather sud- 
denly 10 and 18 years after operation. 
Finally in this group of eight pa- 
tients, unsuspected aortic stenosis 
was the cause of death in a 4-year-old 
boy who died suddenly two years af- 
ter operation. With respect to the 
three patients who died of trauma, all 
were asymptomatic at 10, 13, and 15 
years after operation. 
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Heart block developed in two pa- 
tients after the initial operation and 
these patients are class II; one had a 
pacemaker inserted and one refused 
insertion of a pacemaker. Heart block 
developed in two other patients fol- 
lowing mitral valve replacement nine 
months and 14 years, respectively, af- 
ter the initial procedure, and are now 
doing well with the aid of demand 
pacemakers. Permanent complete 
heart block, however, has not occurred 
in the last 194 initial operations. 

Only one patient has required reop- 
eration for late recurrence of the 
atrial septal defect. An Ivalon patch 
that had been used underwent dis- 





solution 11 years later; reoperation 
was successful. 

There was also a group of 14 pa- 
tients who were known to have be- 
come pregnant with subsequent suc- 
cessful delivery. 

Survival.—A computation’ of actu- 
arial estimation of survival was per- 
formed for the total number of pa- 
tients in whom follow-up information 
was available, and series 1 was com- 
pared with series 2. The estimated 
survival probabilities at 5, 10, and 15 
years for the entire population of 
patients recovering from operation 
were 96.5%, 95.3%, and 93.8%, respec- 
tively (Fig 1). There was no statisti- 
cally significant difference between 
series 1 and series 2 in this respect. 

In an effort to identify factors that 
might influence long-term survival, 
actuarial survival was computed for 
severity of preoperative symptoms 
(NYHC) (Fig 2), age (Fig 3), mitral 
regurgitation as estimated by auscul- 


tation (Fig 4), and C/T ratio (Fig 5). 


(Data for C/T ratio are available only 
for series 2.) Except for a borderline 
significance (P = .05) in the C/T ra- 
tio, none of these variables showed 
any statistically significant differ- 
ences in individual gradations. Each 
one, however, followed the expected 
order of decline; for example, the 
more severe the symptoms, the 
smaller a patient’s chance of surviv- 
ing for each of the intervals consid- 
ered. 

Evaluation of mitral regurgitation 
by auscultation at follow-up was 
available for 103 patients, as follows: 
in 23 patients there was no detectable 
murmur of mitral regurgitation, in 54 
regurgitation was mild, in 25 it was 
moderate, and in only one patient 
was regurgitation considered to be 
severe. 

With respect to a comparison of 
heart size as measured on chest roent- 
genogram by C/T ratio before oper- 
ation and at follow-up, 48 patients 
showed a decrease in heart size, ten 
showed no change, and two showed 
enlargement. In addition to this as- 
sessment, all eight of those who later 
underwent operation upon the mitral 
valve had evidence of progressive car- 
diomegaly. 

Atrial arrhythmias were continued 
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findings in fre patients; one has 
atrial fibrillateea and four have par- 
oxysmal atria tachycardia. Aside 
from these patents, three others con- 
tinue to take Cigitalis and ene takes 
quinidine becaase of premature ven- 
tricular contractions. 


Comment 


The hospital mortality among pa- 
tients of the <ombined series (5.6%) 
compares faworably with that re- 
ported by otaers.** Evaluation by 
current statistical techniques for pos- 
sible factors af importance in deter- 
mining operative risk of patients 
(series 2) sug@ests an unfavorable in- 
fluence for imfancy and large heart 
size (Tables Sand 5) but gains border- 
line signifieamme only with respect to 
severity of symptoms (Table 4). The 
less favoraki= eperative mortality 
rate for series 2 (7.9%) as ccmpared to 
series 1 (3.8% appears to be explica- 
ble on the besis of fewer favorable 
patients coming to operat.on during 
the later phas= of our experience with 
respect to thee risk factors. This ex- 
perience sugæests that small children 
showing deterioration—as evidenced 
by increasing disability or heart size— 
should be operated on without delay, 
whereas these now showing these 
changes should be deferred for elec- 
tive operatiam until an older age, such 
as from 5 toS years old. The satisfac- 
tory operative risk in the absence of 
adverse factars justifies a policy of 
continued elective repair in patients 
with this eamgenital cardiac defect 
even in the absence of disability, 
large heart size, or pulmonary hyper- 
tension. 

The signtieant dilemma with re- 
spect to the cperative management of 
patients with partial AVY canal re- 
lates to the mitral valvular deformity. 

It is difett to interpret the signif- 
icance of mitral regurgitation with 
respect te mortality or tae need for 
mitral valve replacement. As antici- 
pated. it apoears that patients with 
severe mitral regurgitation have a 
higher moar-ality and necessitate 
more frequent mitral valve replace- 
ment. The difficulty lies in the fact 
that there Œ no available technique of 
absolute quentitation of mitral regur- 
gitation; pacients judged to have se- 
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Survival % 


0 5 





MODERATE 


10 15 20 
t 


t=time in years after 30 days following surgery 


Fig 4.—Actuarial estimation of survival for preoperative mitral regurgitation as estimated 


by auscultation. 


100 


Survival % 


0 5 





c/T £05 


10 15 20 
t 
t=time in years after 30 days following surgery 


Fig 5.—Actuarial estimation of survival for preoperative heart size (C/T) (series 2 only). 
C/T curve > 0.6 was significantly different (P = .05) from C/T curve < 0.5. 


vere mitral regurgitation by one 
method not infrequently show mild to 
moderate regurgitation by another. 
Although intraoperative studies 
using dye curves were not performed 
in any patients who died early or late 
and in only one patient who subse- 
quently required mitral valve replace- 
ment (the postrepair dye curve in this 
patient showed a peak dye concentra- 
tion in the left atrium that was 30% 
of that in the aorta), it is our impres- 
sion that this method together with 
intraoperative palpation and moni- 
toring of left atrial pressure after re- 
pair are the most promising ways to 


determine the severity of mitral re- 
gurgitation. 

Ideally, the objectives for the sur- 
geon must be these: to align the ante- 
rior and posterior halves of the ante- 
rior mitral leaflet accurately during 
repair of the cleft in that leaflet, thus 
relieving mitral regurgitation, or at 
least not increasing it; and, if leaflet 
tissue is too deficient or deformity too 
gross, to recognize this at the ini- 
tial operation and replace the mitral 
valve at that time. 

Despite the prevalence of residual 
mitral regurgitation after repair as 
evidenced by a residual apical systolic 
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murmur, the excellent late survival 
(Fig 1) of patients recovering from 
operation is most encouraging. How- 
ever, in a few particular patients 
apparent progression in mitral regur- 
gitation to a degree requiring reoper- 


1. Rastelli GC, Weidman WH, Kirklin 
JW: Surgical repair of the partial form of 
persistent common atrioventricular canal, 
with special reference to the problem of 
mitral valve incompetence. Circulation 
se 1):31-85, 1965. 

2. MeGoon DC: Atrioventricular endo- 
cardial cushion defects (atrioventricular 
canal defects), in Cooper P (ed): The Craft 


JAMES R. Mato, MD, New York: I should 
like to compliment the authors on this su- 
perb analysis of this large clinical series. I 
wanted to comment on two aspects of the 
repair of partial AV canal, based on our 
experience at Columbia Presbyterian Hos- 
pital with 60 patients. 

An attempt was made to estimate the 
preoperative and postoperative mitral in- 
sufficiency in a group of eight patients, 
compared with their postoperative left 
ventriculograms. We have tried to repair 
the mitral cleft in every case, care being 
taken not to distort the valve or divide 
chordae. You will notice that in the preop- 
-erative assessment, based on auscultatory 
findings in the operative palpation of mi- 
tral insufficiency, that about two thirds of 
the patients had regurgitation. Postopera- 
tively the murmurs were actually louder, 
as recorded by the cardiologist; but in 
these patients with postoperative left 
ventriculograms, all had no mitral insuffi- 
ciency, and one who had severe mitral in- 
sufficiency only had 1+ mitral insuffi- 

ciency. 
So we certainly agree with the authors 
that auscultatory findings, both preopera- 
tive and postoperative, give little indica- 
tion of the degree of preoperative or resid- 
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ation (Table 6) remains a threat even 
into the second postoperative decade. 


Jeanine E. Ransom and Peter C. O'Brien, PhD, 
Department of Medical Research Statistics, 
Mayo Clinic, provided statistical analysis of the 
data. John W. Kirklin, MD, F. Henry Ellis, Jr., 
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Discussion 


ual mitral regurgitation. In owr hands, 
repair of the cleft has not increased the in- 


- sufficiency or distorted the mitral valve. 


There was one patient with heart block 
in our series who required a pacemaker. 
There is now a method available for 
directly recording the course of the His 
bundle in repair of the anomalies. As you 
know, a probe is now available which can 
be placed on the endocardial surface and 
records the surface electrogram. A spike 
can be obtained in the isoelectric portion of 
the electrocardiogram between the P and 
QRS, immediately over the His bundle; 
this is accurate within 2 mm. 

We have mapped the course of the His 
bundle in a variety of congenital cardiac 
anomalies. It is usually found on our atrial 
grid somewhere between 1 and 5 along this 
course. 

In summarizing the percentage of posi- 
tive His findings at various recording sites 
in a number of congenital cardiac anom- 
alies, we noticed that sites 3 and 4 were in- 
volved in the majority of anomalies—in al- 
most 100% of the recordings of a His spike. 
The only defects we recorded were positive 
His recordings obtained in 73% at site 1, 
60% at site 5, and 100% at sites 2 through 4. 

From site 1 to site 5 in the ostium pri- 
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records of their patients. 
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mum septal defect, His recordings can be 
obtained, and this zives an indication of 
the long superficial course and degree of 
risk the His bundle is in during repair of 
this anomaly. 

We have found the method of direct 
recording of His a valuable and helpful ad- 
junct in the repair of this defect and other 
complicated defects of the endocardial 
cushion. 

Dr. McMuLLAn: I would like to thank Dr. 
Malm for discussinz our paper. We are 
certainly aware of his use of the His 
bundle recorder. We have a recorder sim- 
ilar to his, but have not utilized it in this 
particular defect. 

I would like to reemphasize the quality 
of life that these patients achieve. We 
have analyzed the patients who survived 
the postoperative period to determine 
exactly what happered to them following 
operation. We have categorized all those 88 
patients on whom we had follow-up data 
according to the New York Heart classifi- 
cation and observed that 79 are quite 
asymptomatic at the time of follow-up, 
with only seven patients in class 2. 

So we think that the quality of life that 
these patients achiev= postoperatively, for 
the most part, is quite good. 
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Contrast Laryngography: 
Posteroanterior View. 


Contrast laryngography is one of radiology’s “beautiful” studies. 
Properly performed, it reveals much of prime importance. 

Here demonstrated are four different posteroanterior views of 
a normal larynx exposed during various respiratory maneuvers. 
For contrast, two abnormal studies follow. 


Figure l.Normal Laryngogram. 


A. Quiet Inspiration: During inspiration, the true (a) and false (b) 
cords retract leaving the glottic aperture (x) wide open and the 
laryngeal ventricles (arrows) collapsed. The valleculae (c), pyri- 
form sinuses (d), laryngeal vestibule (e) and intera VA CCLALOIKO Ko [L01011 
(f) are well delineated. 


B. Phonation: When 
the vowel “eee” is 
sounded at a high 
pitch, the cords ap- 
proximate each other 
with the true cords 
(a) meeting in the 
midline to form the 
laryngeal ventricles 
(arrows). The subglot- 
tic angles (g) are now 
sharplydefined. 


C. Modified Valsalva 
Maneuver: This is lik- 
ened to Blowing the 
trumpet with lips 
closed amd cheeks 
fully expanded. Now 
the entire hypophar- 
ynx distemds; the bal- 
looning of the lateral 
pharyngeal walls (ar- 
rows) reflects normal 
pliability. 


D. True Valsalva Ma- 
neuver:Asonestrains 
against the closed 
glottis, the cords, 
ventricles and laryn- 
geal vestibule con- 
tract even more and 
form a pattern so 
symmetrical that its 
slightest asymmetry 
is considered one of 
the cardinal roentgen 
manifestations of la- 
ryngeal disease. 





Radiographs and caption material from the Amer- 
ican College of Radiology—An Atlas of Tumor 
Radiology—Yearbook Medical Publishers, Inc. 
Reprints of this and subsequent reports available 
upon request. Please write Eastman Kodak Com- 
pany, Dept. 740, Radiography Markets Division, 
Rochester, New York 14650. 


Figure Il. Squamous-cell carcinoma of the 
right vocal cord (arrow); exposure made dur- 
ing quiet inspiration. 


Figure 11l. Squamous-cell carcinoma of the 
lef fase cord (arrow) which has displaced 
the træ cord and ventricle on the same side. 
Note fie encroachment upon the medial as- 
pect cf the Romolateral pyriform sinus (a) 
and s Bglottic angle (b); exposure made dur- 
inc picnation 


Cuality images on the viewbox—“‘good contrast,” “excellent de- 
tail,” “‘well-de ineated diagnostic information.” That’s what it’s all 
about. Quality images on the viewbox. Thats where you need it, 
that's where itcounts. 

Whether your search covers the many faces of giant-cell tumors, 
æ traces the elusive tortuous collaterals inthe superior mesenteric 
wessels you can have confidence that the x-ray film you need is 
æailable from Kodak. 

Kodak offers you a broad range of films to choose from, each 
Gesigned to meet your exacting requirements—each designed to 
Geliver quality on the viewbox, consistently. 

We know that all research, technology and manufac- 
turing prowess meet their test on the viewbox. And 
(at's what we’re all about. Your Kodak Technical 
Sales Representative is anxious to help. Contact him 
œ your medical x-ray products dealer. 


Xodak quality. Its worth considering. 










The Beckman BR-100 Bilat- 
eral Impedance Rheograph 
is the answer to a long- © 
standing need — a fast, simple ` 
way to identify presence of 
clots in the occult leg veins. 

The trouble is, deep venous 
thrombosis is usually silent. About 
70% of its victims show no leg symptoms at 
all. Yet about 94% of deadly pulmonary 
emboli originate as clots in the legs. Painful, 
traumatic, invasive venograms are not to be 
ordered routinely, however, and something 
simpler is the logical answer. 

So, the BR-100 takes a new tack in apply- 
ing a known electrical impedance principle. 
Basically, it records blood volume changes 
in both legs simultaneously, on a two- 
channel chart. This presentation permits a 
comparison between leg readings. A marked 
difference indicates venous impairment and 
a need for further testing. 

In effect, the BR-100 gives the physician 
a new defense against this complication... 
a totally noninvasive way of checking intact 
veins for normalcy, 

or problems. 

This mobile, 
compact instru- 
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= ment works at the patient’s 
NJ bedside, and required 


. J patient maneuvers are 
Á a fast and simple. It’s de- 
ee i; signed for use with even 


the most electrically sus- 
ceptible patients. Tests can 
be made frequently, as compared with 

venography techniques. Operation is 
simple, too. The BR-100 is self-contained, 
uncomplicated, and reliable. The few func- 
tional controls require no adjustment. And 
procedures can be learned fast and used 
easily by nurses and technicians. 

As for credentials, the BR-100 has evolved 
from a long clinical evaluation of the bi- 
lateral impedance measurement technique 
at a major California medical center. The 
results with more than 800 patients confirm 
its value as a screen- iio i 
ing technique. 

For more informa- 
tion, write for Data 
File BR-1. 


Beckman® 


INSTRUMENTS, INC. 
ELECTRONIC INSTRUMENTS DIVISION 
3900 River Road, Schiller Pork, IIl. 60176 












| \ with a fast, noninvasive, 
\ bedside screening 
i technique. 


Vascular Problems 
in Replantation of Limbs 


Callisto Dame=. MD; Ean Campbell Cree, MD; Adolph Singer, MD, New York 


Four upper =xtremity replartations were 
carried out. Im cone patient amputation was 
complete at the wrist; a narrcw pedicle of 
skin was spared in one case; one and two 
traumatizec nerves remained in the other 
two. In two ses, postoperative arterial 
thrombosis reawed immediate reexplora- 
tion with furher revision o* the artery. 
Lymph from rimplanted limb was allowed 
to drain freely Shrough a long releasing inci- 
sion covered wath mesh graft te minimize in- 
crease of tissa= pressure and likelihood of 
venous thrommesis. In all, circulation was 
successfully reestablished anc a viable ex- 
tremity obtainec. Two patients have had ex- 
cellent long-te-~ results. In one patient, the 
radial nerve, saceessfully repaired, was inad- 
vertently disrupted at the same level of the 
initial injury & ring a secondary procedure. 
It was repamec again and regererated fully. 


| germs of severed limbs 
has reserved mixed acceptance. 
Although recerts of several successful 
cases have -æn published,’ skepti- 
cism remaiz= as te the _ustification 
of a proceduseso demanding of physi- 
cian and patant.’ Clinica’ experience 
has increase > rapidly in the last few 
years, and =e2ms to justify a more 
positive atttmle. We have performed 
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this operation in four patients during 
the last four years and are convinced 
that this can be a highly rewarding 
surgical endeavor in properly selected 
cases (Table). 


Report of Cases 


Case 1.—A 3l-year-old Puerto Rican 
man was admitted to the Elmhurst Hospi- 
tal Emergency Room after a 2,000-lb steel 
sheet struck him across the left arm. The 
arm was completely severed above the el- 
bow except for the ulnar nerve and a 2-cm- 
wide segment of skin. After blood transfu- 
sion and resuscitation measures had been 
instituted, the patient was brought to the 
operating room. The extremity was per- 
fused through the brachial artery with 
chilled heparinized Ringer lactate contain- 
ing dextran 40 and careful cleansing of the 
wound with antibacterial sudsing emulsion 
(pHisoHex) and surgical debridement was 
carried out. The humerus, after appropri- 
ate bene debridement, was stabilized with 
two intramedullary pins. Next, one of the 
brachial veins and two superficial veins 
were anastomosed, using 6-0 interrupted 
synthetic sutures. While the venous 
anastomosis was performed, the perfusion 
through the artery was continued at a slow 
rate. The brachial artery was then anas- 
tomosed, using a continuous 6-0 suture. 
The median and radial nerves were then 
anastomosed with interrupted 6-0 sutures 
applied to the perineurium. The biceps and 
triceps muscles were then joined with cat- 
gut sutures and the posterior flap of skin 
was approximated with interrupted su- 
tures. Anteriorly, a diamond-shaped split- 
thickness mesh skin graft was placed 
across the elbow after carefully covering 
the vascular anastomosis with the biceps 
muscle. The operation lasted six hours. The 


arterial circulation was reestablished ap- 
proximately five hours after the injury. At 
the end of the procedure, a bounding radial 
pulse could be felt. The arm was heavily 
padded and a posterior splint applied. Dex- 
tran 40 was administered for four days 
postoperatively at the rate of 1,000 ml/day. 
The postoperative course was complicated 
by severe superficial infection of the 
wound with partial destruction of the skin 
graft, which necessitated further grafting 
and took more than three months to heal. 
The circulation of the hand remained good 
throughout the postoperative period. 

Physiotherapy was commenced later 
than hoped for as the infection started to 
clear, and was attended by the patient ir- 
regularly, with long periods of interruption 
because of other medical and psychological 
problems. Several procedures of tenolysis, 
arthrolysis, and tendon transfers improved 
the function of the hand considerably. Two 
years after the accident, the patient had 
weak extension of the wrist, mobility of 
the metacarpophalangeal joint was satis- 
factory, there was strong flexion of middle, 
ring, and little fingers, and weak flexion of 
the index finger and thumb. Skin sensation 
was good and the hand was free of pain. 
Further surgery to place the thumb in a 
more functional position was planned, but 
again the patient disappeared from follow- 
up and has apparently returned to his na- 
tive land indefinitely. Although he was 
happy with the result achieved, the func- 
tion of the hand will probably remain sub- 
optimal. 

CASE 2.—A 10-year-old boy was admitted 
to the emergency room of Elmhurst Hospi- 
tal after his left arm had been caught in a 
laundry extractor in a commercial laun- 
dromat. The arm was severed at the junc- 
tion of the middle and lower third, except 
for the ulnar and median nerves. The skin 
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was severely and irregularly torn and 
avulsed down to the middle of the forearm. 
The hand appeared to be in good condition. 
The nerves, which were left in continuity, 
were severely contused. It was decided to 
attempt replantation. After establishing 
perfusion through the brachial artery, the 
soft tissues were debrided. The humerus 
was then stabilized with a plate; the bone 
was not shortened as the fracture line ap- 
peared to be regular and a good reduction 
could be accomplished. The brachial and 
cephalic veins were sutured. A brachial ar- 
tery repair was done after excising 1 to 2 
mm from each stump. The radial nerve 
was then sutured. An anterior longitudinal 
releasing incision of the forearm was per- 
formed; a skin flap was developed to cover 
the vascular anastomosis and a mesh graft 
was used to close the defect produced by 
the releasing incision, and also the area 
from which the skin flap had been de- 
tached. At the end of the procedure, a 
strong radial pulse was present. Forty- 
eight hours later, the pulse disappeared 
and the hand became ischemic. The brach- 
ial artery was reexplored and was found to 
be thrombosed. A 2-inch segment, includ- 
ing the original anastomosis, was excised 
and a reversed saphenous vein graft was 
inserted. Heparinization was instituted. 
The postoperative course was relatively 
uneventful and physiotherapy was started 
four weeks after the trauma. On initial 
electromyographic examination there was 
complete paralysis of the median, ulnar, 
and radial nerves. However, the nerve 
function returned gradually and after four 
months the patient had good motion of the 
hand, including wrist and finger extension. 
The fracture, however, had failed to unite 
and six months after the initial procedure, 
the old plate was removed and a compres- 
sion plate was applied with a bone graft. 
After this procedure, the patient again de- 
veloped a complete radial paralysis. Three 
months later the fracture appeared to have 
healed with good solid callus. Since com- 
plete radial paralysis persisted, the radial 
nerve was again explored at the level of 
the original suture. The two ends were 
found disrupted with neuromas. With long 
and meticulous dissection of the stumps, 
enough length could be gained to perform 
excision of the neuromas and an end-to- 
end anastomosis. For the second time, ra- 
dial nerve function returned completely 
over a four-month period. At present, 40 
months after the initial injury, the patient 
has good sensory and motor function of the 
hand with more than 70% of grasp 
strength and he is able to perform fine mo- 
tion of the fingers, and can climb a rope 
and play baseball. 

CASE 3.—A 30-year-old Puerto Rican 
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man was brought to the emergency room 
after having sustained a complete amputa- 
tion of the right forearm 2 inches above 
the wrist from a circular saw. The hand 
was brought in half an hour later by the 
police. After careful cleansing with anti- 
bacterial sudsing emulsion, the hand was 
placed in a basin containing crushed ice 
and covered with a skin drape, and the 
radial and ulnar arteries were perfused. 
After 1-inch shortening of both bones, in- 
tramedullary nailing of the fractured 
radius and ulna were performed; four 
veins were then anastomosed, followed by 
arterial anastomosis and nerve repair. All 
the tendons were repaired except for those 
to the thumb. No relaxing incisions were 
made, and a splint was applied. The oper- 
ating time was six hours. At the end of the 
procedure, the patient had good radial and 
ulnar pulses. Six hours later, however, the 
pulses disappeared. The radial and ulnar 
arteries were reexplored and found to be 
thrombosed. A short segment, including 
the suture line, was excised from the ves- 
sels and a new end-to-end suture was per- 
formed. Heparinization was instituted. 
The postoperative course was uneventful 
and active finger motion was present after 
the first week. Four months later, the re- 
pair of the tendons was completed and re- 
vised in two separate procedures. 

The patient followed the program of 
physiotherapy instituted a few days after 
the injury with attentive and enthusiastic 
participation for over two years. At pres- 
ent the hand is painless, and the radial 
pulse is good. Flexion of the little, ring, 
and middle fingers is good; flexion of the 
index finger is fair; good thumb adduction 
with strong flexion of the distal phalanges 
and good lateral pinch is present. A tendon 
transfer to the thumb for opposition and a 
revision of the flexor indicis has been ad- 
vised, but che patient refuses surgery this 
time since he feels that the function con- 
tinues slowly to improve. At present the 
sensation is good to all the fingers, al- 
though two-point discrimination and ster- 
eognosis is poor. The patient also com- 
plains of a kind of sensory fatigue: when 
carrying an object and after a half hour or 
so he feels as if he loses the feeling of 
what he is carrying, “as though his hand is 
getting numb”; after a few minutes rest 
the sensation would again return. In sum- 
mary, this patient regained a useful hand, 
which he can use in his daily activities and 
whose function, we believe, will continue to 
improve with time, and could be further 
improved by corrective surgery. 

CASE 4.—A 22-year-old male postal 
worker hac his left arm caught in a con- 
veyor belt. The patient had to be removed 
from the belt where he had been entrapped 


up to the level of his shoulder; the arm was 
severed at the middle third except for a 
fragment of the triceps muscle and a 1- 
inch segment of skin on the posterior as- 
pect. All the vessels and nerves had been 
avulsed at different levels and appeared to 
be severely contused. There was also a se- 
vere contusion of the hand and forearm 
with a closed fracture of the ulna and 
radius at the middle third. Because of the 
extensive nerve damage, amputation was 
advised. However, the patient refused. It 
was decided to attempt to reimplant the 
limb. Open reduction and plate fixation 
of the fracture of the humerus, ulna, 
and radius were performed. The vascu- 
lar anastomoses were then carried out; a 
saphenous vein graft was necessary for 
the artery, which required resection of a 
damaged segment. The nerves were ap- 
proximated with a single suture to each to 
mark them for a subsequent operation. 
The biceps and triceps muscles were ap- 
proximated with interrupted catgut. A re- 
leasing incision of the forearm was done 
and covered with a mesh skin graft. The 
postoperative course was uneventful and 
six weeks after the procedure the wounds 
had healed completely. Neurological exam- 
ination at this time revealed complete ab- 
sence of all sensory and motor function of 
the nerves of the arm except for the del- 
toid and triceps muscles; ten weeks after 
the original injury the nerves were reex- 
plored and appeared to be extensively re- 
placed by fibrous tissue for several inches 
and showed no response to intraoperative 
mechanical and electric stimulation. An 
amputation at the middle of the forearm 
was performed. It was felt that salvage of 
the elbow had been worthwhile in order to 
improve function with a prosthesis. How- 
ever, the patient fell while intoxicated, re- 
fracturing the humerus, and the amputa- 
tion was revised above the elbow. 


Comment 


Selection of cases for reimplanta- 
tion should be made on the basis of 
several factors. This procedure should 
probably not be attempted beyond 
the age of 30 and 35 years; extensive 
trauma to the amputated limb should 
discourage reimplantation; the length 
of the period of ischemia of the limb 
should not be over five or six hours, 
since irreversible damage to muscles 
and nerves occurs. The general condi- 
tion of the patient is also important, 
since the presence of associated in- 
jury, which can threaten life, would 
contraindicate replantation. Psycho- 
logical evaluation of the patient to 
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Level and Extent 
of Severance 
Left upper arm; 
ulnar nerve and 
2 cm of skin 






Patient, Age, Sex 










Left upper arm; 
ulnar and median 


in continuity 





Right wrist; 
complete 






Left upper arm 


withstand snd actively cooperate in 
the long po:t-e mplantation period is 
essential. The existence of any debili- 


tating illness which will make it im- 


possibie for the patient to pursue an 
act.ve effieseat therapy course, must 
also be considered. 

There have >een approximately 40 
reclantatios =f completely or nearly 
completely sewered limbs reported in 
the world itemature.® Certainly other 
precedures kare been performed but 
noz reportec because of the unfavor- 
abe outcome. 

.n the publshed cases there have 
been nine opeative failures which re- 
quired inmediate reamputation, in 
eight cases because of arterial or 
venous thrammosis,’'? and in one be- 
cause of ==were infection.’ 

In two ef oar eases, arterial throm- 
besis occer-el and was successfully 
treated by mmediate reintervention. 
We beliexe tkat the cause of this com- 
p ication was inadequate revision of 
the artera ends and we would like to 
enpnasize that the revision should be 
very geTm=poas since the damage to 
tie mima o ten is much more exten- 
sive than can be judged from the 
external epoearance of the vessel. 
When dsta pulses disappear, re- 
interven.ier is mandatory, since al- 
ternative eonservative means such as 
heparim, intravenously administered 
dextran. ~asodilators, or hyperbaric 
exygenatior have given consistently 
lisastreas results for the reimplanted 
2xtremi y: 
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Synopsis of Cases | 


Immediate Postoperative 
Complications 


Severe infection of the 
wound and skin graft 













Arterial thrombosis 48 
hours after surgery; 
iatrogenic disruption 
of the radial nerve 
6 mo later 

successful 







Arterial thrombosis 
6 hr after repair 


stumps 


Venous thrombosis probably is fa- 
vored by the severity of the ensuing 
edema with the attendant increase in 
tissue pressure. A distal releasing in- 
cision should be done when the sev- 
erance is above the elbow and should 
be carried from the line of skin sev- 
erance well distally toward the wrist. 
We have been favorably impressed by 
the use of a mesh split-thickness skin 
graft to cover the large resulting de- 
fect: the mesh will allow free flow of 
lymph and tissue fluid and, therefore, 
limit the edema and prevent the in- 
crease of tissue pressure, as we have 
seen in our laboratory in experiments 
on dogs. It is likely that this method 
will help to maintain a good perfusion 
and decrease the possibility of venous 
thrombosis. A circular dressing, how- 
ever, cannot be applied since it would 
rapidly be soaked by the lymph and 
tissue fluids and predispose to mac- 
eration of the graft and infection, as 
we learned in our first case. In the 
other cases, we have used, with satis- 
faction, a semiopen treatment where 
the extremity supported in a position 
of elevation is simply wrapped in a 
sterile towel, which can be changed 
several times during the day. After 
10 to 15 days, when drainage will 
cease, circular dressings and a plaster 
splint can be applied. The bone fix- 
ation, therefore, should be mechani- 
cally strong since, for the first two 
weeks, it will be the only means of 
stabilization of the extremity, which 
cannot be placed in a cast because of 


Technical Considerations 


Infection probably resulting 
from maceration due to 
circular dressing applied 


Arterial thrombosis, 
probably consequence of 
failure to shorten 
bone; second repair of 
radial nerve was again 


Thrombosis probably 
due to inadequate 
revision of arterial 


Extremity was secondarily 
amputated because of ex- 
tensive nerve damage 


Final Result and 
Determining Factors 


Fair: inadequate 
rehabilitation because 
of infection and 
patient’s other 
medical problems 
Very good: practically 
normal limb; age definite 
factor in result 


















Very good: patient 
followed rehabilitation 
program with enthusiasm 
and intelligence 
Failure: patient’s 
initial refusal to accept 
amputation prolonged 
convalescence by 6 mo 


the profuse drainage present. Short- 
ening of the bone is almost manda- 
tory since it will allow a wider margin 
for resection of the vascular and neu- 
ral stumps vital for the short-term 
and long-term success of the anasto- 
mosis. 

The late complications are related 
to the success of the neural anasto- 
moses and the efficiency of the reha- 
bilitation program. In the reported 
cases, two viable reimplanted ex- 
tremities had to be reamputated, one 
because of intolerable causalgia® and 
one for failure to regain meaningful 
function." 

The timing of the nerve repair has 
been a subject of controversy." We 
feel that when the nerves have not 
been severely contused, a primary 
anastomosis is preferable since better 
orientation is obtainable.’ In our ex- 
perience it has been interesting to ob- 
serve a radial nerve undergoing two 
successful reconstructions: after ini- 
tial complete recovery, secondary 
avulsion occurred during the second- 
ary orthopedic procedure; the nerve 
was again repaired nine months after 
initial injury and three months after 
the second injury and again regener- 
ated to a normal function. It is known 
that radial nerve repairs usually have 
a good prognosis and also that the 
young age of our patient is another 
definite favorable element; however, 
we have not been able to find any 
similar report in the literature. 

The rehabilitation phase of the 
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treatment is without question the 
most important facet in determining 
the success of the procedure. This pro- 
gram should include a protective 
functional splint, passive motion, and 
electrical stimulation applied as soon 
as possible. The program cannot be 
limited to attendance at the clinic 
and it is important that the intelli- 
gent cooperation of the patient and 
the help of a close member of the 
family be enlisted so that the patient 
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G. RameY WILLIAMS, MD, Oklahoma 
City: It seems important that we continue 
to see results from limb replantation, since 
the procedure is really not totally accepted 
by everyone at the present time. 

We have also replanted four major up- 
per extremities after total amputation. I 
would like to make three points. 

The first is that I think we need to be 
very cautious about including partial am- 
putations. The effect of even a single struc- 
ture in continuity, such as a major nerve, 
on long-range function is such that uncriti- 
cal evaluation might lead us to erroneous 
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can continue this physiotherapy at 
home. 

In summary, we believe that limb 
replantation is a long, complex, and 
technically difficult procedure, requir- 
ing no special equipment, but de- 
manding on surgeon and patient. The 
surgeon must make proper selection 
of cases, and must possess technical 
experience not only in vascular and 
trauma surgery, but must also be 
ready to accept the full responsibility 
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Discussion 


conclusions. 

Second, Dr. Danese emphasized that 
they had no difficulty with the veins; I am 
sure he is aware that if one looks critically 
at the unsuccessful limb replantations that 
have been reported, infection is the No. 1 
cause of immediate failure, and venous in- 
sufficiency is clearly the No. 2 cause. Care 
in venous anastomosis is obviously impor- 
tant. 

And last, I have changed my own idea 
about the manegement of the nerves. We 
earlier thought that simply leaving the 
nerves and repairing them secondarily was 


of personally organizing a continuing 
program of surgical, physical, psycho- 
logical, and even social rehabilitation 
for his patient until an optimal result 
is achieved. 


Nonproprietary Name and 
Trademarks of Drug 


Dextran 40—Gentran 40, LMD, Rheo- 
macrodex, Rheotran. 


The anatomy of a limb replantation fail- 
ure. Arch Surg 91:211-215, 1965. 

12. Malt RA, Remensnyder JP, Harris 
WH: Long-term utility of replanted arms. 
Ann Surg 176:334-342, 1972. 

13. Halmagyi AF, et al: Reimplantation 
of a completely severed arm followed by 
reamputation because of failure of inner- 
vation. Can J Surg 12:222-228, 1969. 

14. White JC: Nerve regeneration after 
pe aes ora of severed arms. Ann Surg 
170:715-719, 1969. 

15. Campbell JB: Peripheral nerve re- 
pair. Clin Neurosurg 17:77-98, 1970. 


perhaps the best advice. I now feel that a 
good deal of time at the original operation 
is justified in finding the nerve ends and in 
accurately suturing them together—not ex- 
pecting the anastomosis to function, but 
making the secondary exploration some- 
what easier. I think reexploration is man- 
datory, and ought to be done in less than 
four weeks after the injury, rather than 
the two or three months which has ordinar- 
ily been advocated. 

This is a good paper, and I think we have 
all profited by it. 
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Effect of Graded Compression 
on Nerve Conduction Velocity 


An Experimental Study 


W. Gerald Remer, MD, MS; John Mayer, MD; Theodore R. Sadler, Jr., MD; David Dirks, Denver 


Nerve conduction velocity testing has 
been utilized a evaluation of various condi- 
tions such a carpal tunnel syndrome and 
theracic outle cempression. Determination 
of effect of pasition on conduction velocity 
in patients wath suspected outlet compres- 
sien may ler= invaluable objectivity to the 
diagnosis of his syndrome that currently is 
fraught with considerable guesswork. 

Ulnar pervs o* both forelegs of 12 dogs 
were isotate Conduction velocities were 
determined zver measured distances by 
means of modified electromyography. Re- 
sponses afte” vanying delay periods in con- 
trol conditioms (no weighted compression), 
50@0-gm and 900egm compression were de- 
termined in 21 forelegs. Average velocities 
were 39.0, 37.5, and 37.0 meters/sec in the 
three group: . respectively (P <.01). 

This stud indicates that positional nerve 
conduction ~elocity testing can be helpful in 
producing abjestive data for evaluating 
nerve campeessien at the thoracic outlet. 


ecause the clinical picture of 
thor=zic outlet compression can 

be mimicsed by a large variety of 
ether mecaarisms (compressive and 
etherwises amd because signs of arte- 
rial comp~2ssion can be demonstrated 
n asympoomatic individuals, contin- 
aed seare for reliable objective tests 
co aid in diagnosis and quantitation 
of pathologie neurovascular compres- 
sion at the thoracic outlet would seem 
useful. A -previous report from our in- 
stitution suggests that decreased ul- 
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nar nerve conduction velocity across 
the thoracic outlet when the arm is in 
abduction-external rotation (AER) is 
indicative of nerve compression.’ This 
present study was carried out with 
the hope of clarifying further the reli- 
ability and objectivity of positional 
ulnar nerve conduction velocity test- 
ing. 
Methods and Materials 


Twelve mongrel dogs were anesthetized 
with thiopental sodium. With minimal dis- 
section, the ulnar nerve was exposed at the 
elbow for a distance only sufficient to allow 
placement of a narrow-angled plate be- 
neath the nerve. The exposed nerve was 
kept moist with a saline-soaked sponge. 
With the use of a nerve stimulator and 
electromyograph, an electrical stimulus 
was delivered through the intact skin prox- 
imal (axilla) to the exposed nerve and 
recorded distally (hypothenar muscles) 
with a pickup needle electrode (Fig 1). The 
times of stimulus and impulse response 
were displayed on an oscilloscopic screen 
and photographically recorded. Once a 
point of distal pickup was clearly found, a 
supramaximal stimulus was delivered to 
provide distinct recording point. The stim- 
ulus required to elicit the initial response 
ranged from 0.52 to 0.86 mv with subse- 
quent supramaximal stimuli ranging from 
0.86 to 1.02 mv. Travel distance along the 
nerve was carefully measured externally. 
Control tracings were obtained with the 
metal support in place beneath the nerve. 
Compression of the exposed ulnar nerve 
was then accomplished by application of 
500-gm and 900-gm weights against the 
angled plate, and further stimulus-re- 
sponse tracings were made. Duration of 
nerve compression was only for a period of 
time adequate to record stimulus and re- 
sponse and rarely exceeded two minutes. 
Duplicate determinations were made for 
each set of conditions. Following a recov- 
ery period of approximately five minutes, 


second tracings were obtained for the con- 
trol, 500-gm and 900-gm conditions. 
Recordings were made from each foreleg 
in 11 of the animals and one extremity in 
the remaining dog after a final recovery 
period of up to five minutes. Control condi- 
tions (no compression) were reestablished 
in six animals (11 extremities), and repeat 
stimulation-response studies were carried 
out. Velocities were computed from the 
time-distance relationships. Velocity mea- 
surements were subjected to statistical 
analysis with the use of paired t and P 
value formulas. 


Results 


Conduction velocities averaged 
39.0, and 37.5 and 37.0 meters/sec in 
the control, and 500-gm and 900-gm 
compression groups, respectively 
(Table). Duplicate values were ob- 
tained for each set of conditions; the 
consistency of nerve conduction ve- 
locity values would suggest that 
longer periods of compression do not 
produce further slowing of velocity 
(at least, during the time required for 
each set of values—usually three to 
five minutes). Our values for conduc- 
tion velocity are lower than those 
usually reported probably because the 
neuromuscular junction transmission 
was included; however, this factor re- 
mained constant for each group of 
studies. Figure 2 represents graphic- 
ally the effects of compression on con- 
duction velocity under the conditions 
described. Decrease in conduction ve- 
locity appears to be quite significant 
with paired t values of 3.47 and 3.66 in 
the 500-gm and 900-gm groups, re- 
spectively (P<.01 in each group). Ad- 
ditionally, the final repeat control 
studies showed return to control val- 
ues or reversion toward control values 
in nearly all instances. 
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Comment 


The conditions of this experiment 
were designed so as to mimic the 
nerve compression that may occur in 
cases of thoracic outlet syndrome, 
namely compression of the neuro- 
vascular bundle between the clavicle 
and first rib when the upper extrem- 
ity is in a position of abduction-exter- 
nal rotation. The time factors and 
cross-sectional area of compression 
seem appropriately similar to the 
clinical circumstances. The weights of 
500 and 900 gm were selected after 
trying various combinations of 
weight compression; these forces do 
not seem inordinately large although 
there are no figures available on the 
amount of force generated in com- 
pression at the thoracic outlet. 

Previous reports have outlined 
methods for determining nerve con- 
duction velocity?‘ and sources for er- 
ror potentially present in the tech- 
niques used.’ Other investigators 
have described effects on nerve con- 
duction velocity of ischemia,* inhala- 
tion anesthetics,* temperature,® and 
tubocurarine chloride.’ More recently, 
the use of nerve conduction testing as 
a diagnostic tool in evaluating the 
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condition of patients suspected of 
having thoracic outlet syndrome has 
been reported.) However, conduc- 
tion velocity testing apparently was 
performed with the extremities in a 
neutral position (ie, not the AER posi- 
tion that usually characterizes the 
provocation of symptoms in outlet 
compression). Since we have previ- 
ously shown significant decreases in 
conduction velocity in humans be- 
tween neutral and AER positions of 
the upper extremities, we felt it 
mandatory to attempt to confirm this 
in the laboratory. The present study 
strongly suggests that such a testing 
maneuver is clinically meaningful. 
The pathophysiologic mechanisms 
at play to produce the observed re- 
sults in this study are not clear. 
Single nerve fibers probably do not 


CONTROL 


Mean Values and Significance Values With and Without 
Measured Nerve Compression 


es of No. of 
Condition ree 
Control, no weight m 
500 gm 5 
900 gm 3 21 





Fig 1.—Diagram of dog's foreleg showing relative positions of 
stimulation point, compression location, and distal response. 


Fig 2.—Graphic representation of compression effects in current 










Velocity, 
Meters /sec Valine vý 
39.0 
37.5 347 Zol 





37.0 3.56 <.01 





show such a response to compression; 
however, major nerve trunks, being 
composed of nerve bundles of various 
types, have velocities divided roughly 
into three distinct ranges. Conceiv- 
ably, the results we have shown could 
be secondary to a composite effect 
upon the different types of nerve fi- 
bers. Some of the velocity decrease 
may also involve some degree of is- 
chemia, temperature ehange, and the 
like; however, every effort was made 
to minimize the effects of these vari- 
ables. Further, transient ischemia 
secondary to compresswn may be con- 
tributory to some degree in the clini- 
cal state and account “or some of the 
velocity decrease. Eleetrolyte distur- 
bances secondary to compression may 
be involved in the production of the 
phenomena described. 
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Based on the resalts of this study 
and preliminary “lical application, 
it would seent appropriate to deter- 
mire nerve conduction velecities not 
only with the extremity in the stan- 
dard neutral posicien but also in the 
position respoasitle for production of 


1 Rainer WG im discussion, Urschel HC 
Jr, et al: Objeetwe diagnosis (alnar nerve 
conduction velowty =nd current therapy 
of the thoracic =u-let syndrome. Ann Tho- 
rac Surg 1260®520 271. 

2. Thomas P=: Moor nerve conduction 
in the carpal tumad syndrome Neurology 
10:1045-1050, 12 

3. Jebsen RZ: Metor conduction ve- 
locities in the m2cian and ulnar nerves. 
Areh Phys Mec Peal 48:185-194, 1967. 

4 Ebel A. Neoge CED, Lumba-Guanlao 
E: Ulnar motor nerve conduction larsa $ 
Comparison of -wo measurement tech- 
T, A Arch Bhas Med Rehabil 53:34-37, 


HaroLD C. JRSEŒL, MD, Dallas: Dr. 
Campbell, Dr. WaHEausen, members, and 
guests: I woud Ek= to compliment Dr. 
Reiner anc hi coauthors on an excellent 
piece of experamert=! work. Much more is 
needed in this arz<, Fut several vital points 
were brought sat oy him. 

It is interesting that we are discussing a 
syndrome thæ really is not recognized 
across the contry by many physicians, 
particularly nearclogists, and second, by 
physical medisine paysicians. I think this 
creates a very big problem in objectivity, 
perticularly = ‘he nerve compression 
group, which s tie major group that we 
see clinically. 

Experimental'y there is an interesting 
ccntrast between the data that he pre- 
sented that h- coasadered significant—and 
I am sure it is—end eur clinicel work in this 
group of patents. There have been ap- 
proximate:y 100% eonduction velocity pro- 
cedures dane » ber «linical laboratory, and 
100 patients w=2re treated or evaluated by 
three differert oy icians, im all positions 
without any smn ficant difference in their 
conduction ve eeity- This is a difficult prob- 
lem to explaiz. waeher they are in hyper- 
abduction or =ry œ the mameuvers in the 
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symptæms. Results of nerve conduc- 
tion velocity studies following first- 
rib resection have shown reversion of 
abnorraal velocities to normal except 
in twc cases in which reexploration 
revealed residual plexus compression 
from äbrotic medial scalene muscle 
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Discussion 


should2r that might bring on the symp- 
toms dinically; yet there is no difference in 
the conduction velocity. 

We aave found that in many of the cases 
where there has been an apparent differ- 
ence, t is a matter of how the measure- 
ment is taken with regard to the basic 
number that is divided by the conduction 
veloci-y itself. Both median and ulnar 
nerves should be measured, and I think 
that im each institution, as in the rest of 
vascuzar and other types of surgery, you 
must standardize your techniques with the 
peopl« who are doing them, and have them 
reproducible from one individual to an- 
other if they are going to be reliable. 

If the conduction velocity is reliable, if it 
is taken in this context, I cannot explain 
the Gifference—in fact, we see no differ- 
ence n position—but I think that it is im- 
portant in diagnosis. It is important in fol- 
low-up. It is important in the patients that 
have Deen operated on and have recurrence 
of symptoms. And then I think it is impor- 
tant in separating those patients with 
atypal chest wall pain from those with 
angina pectoris. 

Again, I would compliment Dr. Rainer 
on hss experimental work, and hope that 
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we have more objective experimental work 
in the future. 

Dr. RAINER: I would like to thank Dr. 
Urschel for his remarks. 

Actually, it was the work.of Dr. Jepson 
and the work of Dr. Urschel and his group 
that stimulated us to investigate this par- 
ticular aspect of nerve conduction velocity, 
and I think that Dr. Urschel’s comments 
regarding standardization in one’s own in- 
stitution are very appropriate. 

We have enough confidence in the po- 
sitional nerve conduction velocity testing 
that we have not operated upon a single 
patient during the last three years that did 
not have abnormal arteriographic findings 
or abnormal positional nerve conduction 
findings, or both. 

Lastly, the positional nerve conduction 
time testing may be very helpful as a pre- 
operative base line. Indeed, we have had 
opportunity to operate on two patients 
again on the basis of abnormal positional 
conduction nerve velocity testing results. 
In each instance, we found a fibrotic me- 
dial scalene muscular remnant left at- 
tached to the periosteum; the resection of 
this remnant relieved the patients of their 
recurrent symptoms. 
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~ When you start 
menopausal patients 
on estrogen, 


you probably perform 
a Pap test... 


but what about 
checking for 


endometrial cancer? 
j 
























y improved with carly detection 


The survival rate for endometrial carcinoma can 3 improve : 
significantly when this disease is detected early and treated 
promptly. Therefore, before placing patients on a course of 
estrogen therapy it may be appropriate, in the absence of stenosis, 
pregnancy, and clotting deficiencies, to evaluate the 
endometrium. Patients who are taking estrogen, and who will 
continue its use, may also benefit from a periodic assessment for 

= endometrial changes. : 


7 
K 





A convenient screening procedure | 
The Gravlee Jet Washer is suitable for assessing endometrial 
changes in the menopausal patient, either prior to or during 
~ estrogen therapy. Used as part of the routine pelvic examination 
_ of asymptomatic women over 45, it may well serve both 
physician and patient as usefully as the Papanicolaou test for é 
cervical cancer. | 4 
The Gravlee Jet Washer employs the principle of negative 
pressure to wash out and collect specimens of endometrial cells | 
and tissue fragments. This unit is sterile, disposable, and 1 
easily fits into an office procedure. 





The Gravlee Jet Washer’ 
office procedure for early detection l 
of endo petrial c rcinoma in menopausal patients on estrogen l 


A Valve-Containing Dacron Prosthesis 


Its Use in Restoring 


Pulmonary Artery-Right Ventricular Continuity 


Frederick O. Bowman, Jr., MD; Warren D. Hancock, MDA; James R. Malm, MD, New York 


Total surgical repair of congenital heart le- 
sions with pulmonary artery-right ventric- 
ular discontinuity has required a valve- 
containing conduit for optimum results. 
Excellent results have been attained by con- 
structing a new pulmonary valve and artery 
using human aortic homografts. Certain dis- 
advantages have been noted: difficulty in 
procurement, limited tissue for tailoring of 
the prosthesis, difficulty in prevention of dis- 
tortion, and early calcification of the con- 
duit. 

A dacron conduit containing a porcine het- 
erograft aortic valve that does not possess 
these disadvantages has now been used in 
five patients for construction of pulmonary 
artery-right ventricular continuity. This con- 
duit is a uniform product, available in mul- 
tiple sizes. Follow-up data of up to two years 
including postoperative catheterization stud- 
ies demonstrate this prosthesis to be a satis- 
factory and perhaps a superior alternative to 
the aortic homograft for restoring pulmo- 
nary artery-right ventricular continuity. 


j hate surgical repair of congeni- 
tal heart lesions with pulmonary 
artery-right ventricular discontinuity 
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was first accomplished by Ross and 
Somerville,’ using an aortic homo- 
graft to bridge the defect between 
the right ventricle and the pulmonary 
artery in a patient with tetralogy 
of Fallot and pulmonary atresia. 
McGoon et al? subsequently reported 
a similar technique for the repair of 
truncus arteriosus with the use of an 
aortic homograft to construct a new 
pulmonary valve and pulmonary ar- 
tery. The aortic homograft has pro- 
vided a hemodynamically satisfactory 
conduit and pulmonary valve,’ but 
certain technical disadvantages of 
a surgical nature have become ap- 
parent. Long-term, degenerative 
changes, including extensive graft 
wall calcification and stenosis, have 
occurred. The continuing problem of 
graft procurement, sterilization, stor- 
age, and lack of homograft uniform- 
ity has made a synthetic prosthesis 
desirable. A prosthesis has been de- 
veloped consisting of a woven Dacron 
graft conduit containing a porcine 
heterograft aortic valve. Clinieal ex- 
perience has been gained with this 
graft in five patients, with follow-up 
studies for up to two years. 


Material and Method 


The pulmonary valve-artery prosthesis 
consists of a woven Dacron tube contain- 
ing a porcine aortic valve positioned to 





Fig 1.—Pulmonary valve—artery pros- 
thesis consisting of a Dacron conduit with 
an inserted porcine aortic valve. 


Fig 2.—Outflow view of porcine aortic 
valve inserted within Dacron conduit. 





leave a 5-cm proximal and a 10-cm distal 
graft segment (Fig 1). The early proto- 
type conduit contained the porcine valve 
mounted on a flexible stent prior to its in- 
sertion within the Dacron tube. In order to 
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allow for maximum internal diameter, 
valves are new mounted directly to the 
graft, (Fig 2) me anaulus being held in its 
correct configuratior by an external Stel- 


lite 25 ring. _nder clean conditions, the — 


graft with its nserted valve is completed. 
The prosthesi=ds thea sterilized by a stabi- 
lized glutaraleehyde process, the final stor- 
age solution being 0.2% glutaric dialdehyde © 


in HLI buffer. pH 74, OsM 290.‘ Varying © 
sizes with internal diameters of the graft 


we) 
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Fig 3.—Operative technique: a vertical right ventriculotomy allows 
a wide proximal anastomosis. 


Fig 4.—Operative technique: placement of valve lateral to aorta 
and above right ventricle is suggested. Distal end of prosthesis is 
tailored to fit patient's needs. 


measuring from 14 to 30 mm are available. 

Operative technique is similar to the in- 
sertion of a homograft described by Ross 
and Somerville’ and Malm.’ The largest 
graft size is used that will conform to the 
patient’s anatomy. The prosthesis is thor- 
oughly rinsed in sodium chloride solution 
prior to its insertion. A vertical right ven- 
_ triculotomy i incision (Fig 3) is preferred to 


S; the small transverse right ventricular inci- 
3 sion described by McGoon et al.? This al- 


$ 


lows for creation of a larger anastomosis 
between the prosthesis and the right ven- 


tricle. The proximal end of the prosthesis 


is cut on a wide obliquity to aid also in al- 


lowing a large unrestricted proximal 


anastomosis. 
In our first case, it became apparent that 
the position of the ring of the prosthesis in 


relation to the anterior chest wall is impor- 
tant. The prosthesis should be tailored to 
position the valve and valve ring lateral to 
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Diagnosis 
Tetralogy of Fallot 


Table 1.—Results of Surgery 


Palliation 


with pulmonary atresia 


Tetralogy of Fallot 


with pulmonary atresia 


Tetralogy of Fallot 


None 


with pulmonary atresia 


Truncus arteriosus, type 2 


Transposition of great vessels, 
atrial-septal defect, 


None 


Left Blalock shunt, 
Glenn shunt 


ventricular-septal defect, 
and pulmonary stenosis 


Diagnosis 
Tetralogy variant 
Tetralogy variant 
Tetralogy variant 
Truncus arteriosus 


Transposition of great vessels, 


atrial-septal defect, 
ventricular-septal defect, 
and pulmonary stenosis 


the aorta and not immediately adjacent to 
the right ventricle. This allows easy closure 
of the median sternotomy without graft 
occlusion or distortion. The distal end of 
the prosthesis is tailored to conform to the 
anatomy of the pulmonary arteries (Fig 4). 
The prosthesis can be extended readily 
with a bifurcation graft if such should be 
the need. Postoperatively, there appears to 
be no need for anticoagulant therapy. 


Results 


Five patients have undergone sur- 
gical repair of complex congenital 
heart lesions with the use of the pros- 
thesis described for restoration of 
right ventricular-pulmonary artery 
continuity with follow-up ranging 
from 8 to 25 months (Table 1). Three 
patients had variants of tetralogy of 
Fallot. Two of these had main pulmo- 
nary artery atresia with central con- 
fluence of right and left pulmonary 
arteries and bilateral Blalock shunts. 
Patient 3 had a more complex variant 
of tetralogy of Fallot, all pulmonary 
blood flow arising from the descend- 
ing thoracic aorta. 

One 7-year-old girl had a type 2 
truncus arteriosus. The fifth patient 
had transposition of the great vessels 
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Table 2.—Postoperative Catheterization Data 


Bilateral Blalock shunts 


Bilateral Blalock shunts 


Date of 
Operation 
5/26/71 


Clinical Result 
Excellent 


10/11/72 Excellent 


8/04/72 Excellent 
Excellent 


Died 51st post- 
operative day 


10/28/71 
2/17/72 


Pressures, mm Hg 


Graft Right 
Size, mm Ventricle 


25 56/10 
20 53/4 
25 32/5 
25 65/8 
20 92/10 


with atrial-septal defect, ventricular- 
septal defect, and severe pulmonary 
stenosis. He had previously under- 
gone first a left Blalock shunt oper- 
ation and then a right pulmonary ar- 
tery-superior vena cava anastomosis 
for palliation. 

Operations were carried out in the 
manner described, with appropriate 
variations in technique for the pa- 
tient with the Glenn shunt and the 
patient with pulmonary arterial blood 
supply arising from the descending 
aorta. 

The four patients with variants of 
tetralogy of Fallot or truncus arterio- 
sus have all had excellent clinical re- 
sults. All four are asymptomatic, 
acyanotic, and have been allowed full 
activity except for contact sports. The 
fifth patient died on the 51st postop- 
erative day while convalescing at 
home prior to undergoing further sur- 
gery for a residual ventricular-septal 
defect. 

All patients underwent postopera- 
tive cardiac catheterization and an- 
giographic study (Table 2). Four pa- 
tients had good-to-excellent postoper- 
ative hemodynamic results when 


Main Distal 


Pulmonary Pulmonary 


Shunt 
None 
None 
None 
None 
Bidirectional 


Artery 
40/15 
48/12 
26/8 

50/12 
63/20 


Artery 
40/15 
45/9 
13/7 
50/12 
50/20 





studied 7 to 18 months following their 
surgery. There were no residual 
shunts in any of the four patients. 
Small, but insignificant, systolic pres- 
sure gradients were found to be pres- 
ent across the porcine valves, and 
pressure measurements indicated 
good evidence of valvular compe- 
tence. Results of angiographic studies 
revealed some distortion of the con- 
duit in the first patient when the 
valve was placed too close to the right 
ventricle (Fig 5). The Eater cases 
showed minimal distortion of the 
prosthesis and a smooth outflow from 
the right ventricle (Fig 6 through 8). 
The fifth patient with the complex 
transposition of the great vessels un- 
derwent a Rastelli procedure® at age 
14 with a 20-mm prosthesis. The 
Glenn shunt was left uninterrupted. 
Severe postoperative congestive 
heart failure ensued. Postoperative 
study was performed 32 days follow- 
ing operation that revealed evidence 
of a large residual ventricular-septal 
defect. A gradient of 30 mm Hg was 
measured across the heterograft 
valve in the face of a sizable left-to- 
right shunt. Competence cf the valve 
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was clearly demonstrated. The pa- 
tient died sucdenly 51 days following 
operation while convalescing and 
awaiting reoperation. Findings of the 
catheterizatien were confirmed at au- 
topsy. 


Comment 


A review ef our experience at the 
Columbia-Presbyterian Medical Cen- 
ter with restoration of right ventricu- 
lar-pulmonary artery continuity sug- 
gested the quest for an improved 
conduit. A total ef 27 patients have 
undergone such an operation. The 
first patient. a 4% year-old-girl with 
tetralogy of Falot ‘and pulmonary 
atresia of the pseudotruncus type, un- 
derwent tote! correction on March 9, 
1967, with the use of an aortic homo- 
graft to eonstruct the new right ven- 
tricular-pulmonary artery outflow 
tract. This patiemt has continued to 
have an excellent postoperative 
course, now over six years following 
her operation. 

The majority ef the remaining 26 
patients hac variants of tetralogy of 
Fallot with eomplete or almost com- 
plete atresia of the main pulmonary 
artery, the ~emacnder being patients 
with truncus arteriosus, variants of 
transposition of the great vessels 
with ventricular-septal defect, and 
pulmonary stenosis, and one patient 
with ventricular-septal defect, pulmo- 
nary stenosis, and absent pulmonary 
valve. 

In 22 of these patients, a human 
aortic homegraf= sterilized by high- 
voltage electron Deam irradiation and 
storage at —70 C was used to con- 
struct the oulmonary valve and ar- 
tery. While the homograft allowed, in 
general, for goed initial and long- 
term results, certain disadvantages 
were noted: Early calcification of 
the wall of the homograft occurred 
within one year of operation in al- 
most all petients. In addition, there 
was a high inedence of homograft 
valvular incompetence at early or late 
stages. There were also definite tech- 
nical difficulties in inserting the 
homograft in many instances. Tailor- 
ing of the graft to the right ventricu- 
lar outflow tract was difficult on 
occasion and sometimes required 
extensions with pericardium or Da- 
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Fig 5.—Lateral postoperative angiograph 
of patient 1 reveals some distortion of pros- 
thesis due to placement of valve too close to 
right ventricle, yet excellent valve function 
was maintained. 


Fig 7.—Lateral postoperative angiograph 
of patient 3 demonstrates wide valve orifice 
allowed by modification of valve insertion 
into Dacron graft. 





cron cloth. Kinking of the graft and 
distortion of the valve was sometimes 
noted. The distal end of the graft was 
sometimes inadequate for the pa- 
tient’s needs and required further 
tailoring or extension. Finally, pro- 
curement, preparation, and storage of 
aortic homografts remained a diffi- 
cult problem. 

In an attempt to improve on the 
technique of these reconstructions, 
Kouchoukos et al’ reported the use of 
an aortic homograft valve placed 
within a Dacron conduit as their tech- 
nigue of choice. Horiuchi et al* re- 
constructed the artery and valve, 
using autologous pericardium. Io- 
nescu and Deac? used fascia lata. 
Huse” reported the use of a woven 





Fig 6.—Lateral postoperative angiograph 
of patient 2 reveals a smooth outflow tract, 
again with evidence of stabilization of valve 
leaflets. 


Fig 8.—Lateral postoperative angiograph 


of patient 4 demonstrates use of prosthesis 


in a patient with truncus arteriosus. 





Dacron tube with a Bjork-Shiley 
valve inserted. 

Certainly, the ready availability of 
a uniform, standardized prosthesis, 
available in multiple sizes, and which 
can be readily tailored at the proxi- 
mal or distal end to fit the patient’s 
anatomical needs, may obviate many 
of the difficulties observed with aortic 
homografts. Stabilization of the 
valve, thereby preventing distortion, 
may allow for better long-term valvu- 
lar function. 

Operative experience and the fol- 
low-up data on the four living pa- 
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tients, in a period ranging from 8 to 
25 months, suggest that this pros- 
thesis consisting of a Dacron conduit 
with an inserted porcine aortic valve 
is a satisfactory and perhaps superior 
alternative to the aortic homograft 
for restoring pulmonary artery-right 
ventricular continuity. 


George S. Husson, MD, performed the preop- 
erative and postoperative studies on patients 1 
and 2 at the Syracuse Memorial Hospital, 
Syracuse, NY. 
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Discussion | 


GORDON K. DANIELSON, MD, Rochester, 
Minn: I would like to congratulate Dr. 
Bowman and his group on an excellent pre- 
sentation. Our experience at the Mayo 
Clinic with this prosthesis is not as long, 
and extends only seven months. We began 
to use the Hancock prosthesis as a result of 
four serious complications that developed 
in homogreft aorta and valve prostheses in 
a series of 121 patients, operated upon be- 
tween September 1967 and November 1972. 
These complications included two cases of 
progressive stenosis of the proximal and 
distal suture lines, and one case of early 
false aneurysm formation at the proximal 
suture line, all successfully reoperated 
upon, and one late, fatal mediastinal hem- 
orrhage following subacute bacterial endo- 
carditis. For these reasons, we are now 
using the Hancock prosthesis exclusively. 

We have had experience with this pros- 
thesis in 18 patients since November 1972. 
The three patients with tetralogy of Fallot 
include one with an absent pulmonary 
valve and also absent left pulmonary ar- 
tery, a second that had a left pulmonary 
artery arising from the aorta, and a third 
who had severe stenosis of the right pul- 
monary artery and significant pulmonary 
valvular insufficiency. 

To date we have been pleased with this 
prosthesis, both at the time of operation 
and in our early follow-up. It is very reas- 
suring to learn from Dr. Bowman and his 
colleagues that the follow-up data, up to 
two years at least, show continuing satis- 


factory results. 

Bruce C. Paton, MD, Denver: This is a 
very nice clinical study, and I think it’s 
worth pointing out that there is consid- 
erable experimental basis to endorse the 
use of this type of prosthesis. 

A number of years ago we made exten- 
sive studies in dogs of putting aortic 
valves, both homografts and heterografts, 
into the descending thoracic aorta, in an 
attempt to find out something about dura- 
bility of grafted valves. A number of 
points came out from that study. 

One is, of course, that putting in a graft 
of this sort—not of the Hancock type, but 
with a whole homograft, with a piece of 
aorta—you are really putting in three tis- 
sues—artery, valve, and small fragments 
of myocardium, and they all react in dif- 
ferent ways. The artery calcifies, the myo- 
cardium is rejected, and the valve cusp de- 
generates in various ways. 

In our experimental work we found that, 
overwhelmingly, the best results were ob- 
tained when the valve was completely 
trimmed away from all artery and all myo- 
cardium, and put in a synthetic tube of 
some sort, and isolated to that extent. 

The other factor that’s extremely impor- 
tant is absolutely perfect alignment of the 
valve. It was obvious from Dr. Bowman’s 
first pictures that with the homograft this 
is sometimes extremely difficult; but with 
the Hancock type of prosthesis this can be 
arranged so that perfect alignment is 
achieved, and in this way the cusps will 
work well, and their function will be pre- 
served well for a long time. 

So I think that these beautiful, clinical 
results only reinforce the experimental 
work that has demonstrated these very im- 
portant factors already. I greatly enjoyed 
the paper. 
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A Correlation of Neck Bruits 
and Arteriosclerotic Carotid Arteries 


Tirone E. Darzi, MD; Alfred W. Humphries, MD; Jess R. Young, MD; Edwin G. Beven, MD, Cleveland 


The angiographic findings in 834 carotid 
arteries of 24E patients with transient is- 
chemic attacxs (TIA) and 169 asymptomatic 
patients are coerelated with presence or ab- 
sence of caretic bruits. Of all carotid arteries 
without bruits, 25% were found to have in- 
ternal carotie stenoses. In patients with TIA, 
75% of carotid arteries with bruits were as- 
sociated with stenotic lesions, 11% with 
miscellaneous esions, and 14% were nor- 
mal. In asymptomatic patients, 65% of ca- 
rotid arteries with bruits were associated 
with stenotic lesions, 21% with mis- 
ceilaneous lesions, and 14% were normal. 
The findings e#rroborate the point that the 
angiographic lesions and the bruit have a 
clear relationstip whether or not the patient 
has symptoms.of cerebral ischemia. The ab- 
sence of bruit does net exclude the possi- 
bility of caret artery stenosis. 


he coexstenee of bruits over 
the carotid arteries in the neck 
and extraersnial carotid occlusive dis- 
ease has bæn recognized for more 
than 15 years." “he value of carotid 
bruit as am indicator of extracranial 
arterial lesiens im patients suffering 
from transient cerebral ischemic at- 
tacks (TIS) has been emphasized,” 
but it alse as been challenged.’ 
Since a bruit may be indicative of 
roughening of the intima of the ar- 
tery, it cam de heard in patients with 
carotid arteriosclerosis who have not 
experienced cerebral ischemic at- 
tacks.*” The presence of the bruit 
may be the only inding that leads to 
an anatomic diagnosis by angiogra- 
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phy and, on occasion, to prophylactic 
carotid endarterectomy.** Con- 
versely, a bruit may not be audible 
in patients experiencing transient 
strokes who do, indeed, have signifi- 
cant arteriosclerotic disease of the ca- 
rotid artery. 

Although many authors have ex- 
pressed these points in previous pub- 
lications,*** we believed that further 
investigation of this correlation was 
worthwhile on the grounds that, 
while carotid angiography requires 
facilities, time, and experience, a 
stethoscope is readily available to all. 


Materials and Methods 


Over a three-year period (January 1969 
to December 1971) the carotid arteries of 
417 patients (834 arteries) were studied 
angiographically by the Department of 
Vascular Surgery of the Cleveland Clinic 
Foundation. In each instance, auscultation 
of the neck was done by a senior staff 
member of the Department of Vascular 
Surgery or the Department of Peripheral 
Vascular Disease, or both. Men out- 
numbered women two to one. The age dis- 
tribution was 38 to 50 years, 15%; 51 to 60 
years, 38%; 61 to 70 years, 38%; and above 
70 years, 9%. 

Of these 417 patients, 248 had experi- 
enced one or more TIA; 169 had no history 
of attacks. A bruit was heard in the neck 
during routine physical examination of the 
latter patients. They had been admitted 
for myocardial revascularization (66 pa- 
tients), lower extremity revascularization 
(64 patients), abdominal aortic aneurysm 
(12 patients), evaluation of carotid bruit 
(eight patients), evaluation of “noise in the 
ear” (seven patients), and miscellaneous 
(12 patients). 

The bruits to be discussed were well lo- 
calized to the midportion of the carotid ar- 
tery in the neck or just below the angle of 
the jaw. They were graded on a scale of 1 
to 4, ranging from a soft, blowing bruit 
(grade 1) to a loud, harsh bruit (grade 4). 
The intermediate grades (2 and 3) were de- 
pendent upon the judgment of the exam- 


iner. Transmitted bruits, loudest in the 
subclavian fossa and becoming less dis- 
tinct higher in the neck, were excluded. 

Arteriography was done by direct arte- 
rial puncture unless pathologic change in 
the aortic arch was suspected, in which 
case retrograde catheterization was em- 
ployed. Axillary artery puncture was also 
done when vertebrobasilar arterial disease 
was suspected. Biplane studies of the ca- 
rotid arteries were done when the findings 
on routine lateral view were equivocal. 


Results 


Three correlations of the findings 
seem to be of value: (1) correlation of 
angiographic findings and presence 
of bruit; (2) correlation of angio- 
graphic findings and intensity of 
bruit; and (8) comparison of correla- 
tions of angiographic findings and 
bruit in patients with and without ce- 
rebral ischemia symptoms. 

Correlation of Angiographic Findings 
and Presence of Bruit.—Bruits were 
heard over 532 (64%) of the 834 ca- 
rotid arteries studied. The pathologic 
findings visualized on the arterio- 
gram were divided into the seven 
groups shown in Table 1. 

Correlation of Angiographic Findings 
and Intensity of Bruit.—Of 834 carotid 
arteries, bruits were audible in 532, 
and no bruits were heard in 302 ar- 
teries. Eleven percent of the bruits 
were graded as 1, 85% as 2 and 3, and 
4% as 4. The incidence of each an- 
giographic lesion in arteries without 
bruits and with bruits of different 
grades is shown in Table 2. As shown 
in Table 2, approximately one fourth 
of the carotid arteries without bruits 
were found to have internal carotid 
stenoses; half of the arteries with 
grade 1 bruits had internal carotid 
stenoses; slightly over two thirds of 
the arteries with grades 2 and 3 
bruits had internal carotid stenoses, 
and 100% of the arteries with grade 4 
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Angiographic Findings 
Internal carotid stenoses over 50% 
Internal carotid stenoses less than 50% 
Tortuous internal carotid 
Occluded internal carotid 
Occluded common carotid 
External carotid stenoses only 
Normal carotid arteries 








Table 1.—Incidence of Bruit in Each Type of Angiographic Lesion 
on the Basis of 834 Carotid Arteriograms 


Totals With Bruit Without Bruit 
325 286 (88%) 39 (12%) 
121 85 (70%) 36 (30%) 
19 10 (50%) 9 (50%) 
42 28 (67%) 14 (33%) 
9 O (0%) 9 (100%) 
53 48 (90%) 5 (10%) 


















265 75 (28%) 190 (72%) 













Internal carotid stenoses 





Angiographic Findings 


internal carotid stenosis less than 50% 
Tortuous internal carotid 


Table 2.—Incidence of Each Type of Angiographic Lesion 
in Arteries Without Bruit and With Bruits of Different Grades 


Angiographic Findings No Bruit Bruit 1 Bruits 2 and 3 Bruit 4 


over 50% 39 (13%) 15 (25%) 251 (56%) 20 (95%) 
Internal carotid stenoses 

less than 50% 36 (12%) 15 (25%) 69 (15%) 1 (5%) 
Tortuous internal carotid 9 (3%) 0 (0%) 10 (2%) 0 0%) 
Occluded carotid aa: G6) 4 (7%) 24 (5%) 0 @O%) 
External carotid stenoses 

only 512. (2%) 1 « 2%)-.- 47. 1%), 0.» @%) 


Table 3.—Comparison of the Angiographic Lesions in Carotid Arteries 
With Bruits in Patients With TIA and Asymptomatic Patients 


Carotid Arteries 
With Bruits of 


Internal carotid stenosis over 50% 162 (61%) 124 (47%) 


Patients With TIA Asymptomatic Patients 
37 (14%) 48 (18%) 
6 (2%) 4 (2%) 


Occluded internal carotid 14 (5%) 14 (5%) 
External carotid stenoses only ll (4%) 37 (14%) 


Normal carotid arteries 37 (14%) 38 (14%) 
Totals 267 (100%) 265 (100%) 

















Carotid Arteries 
With Bruits of 













Table 4.—Comparison of the Angiographic Lesions in Carotid Arteries Without 
Bruits in Patients With TIA and Asymptomatic Patients 


Angiographic Findings 


Carotid Arteries 
Without Bruits of 


Patients With TIA 


Carotid Arteries 
Without Bruits of 
Asymptomatic Patients 





Internal carotid stenoses over 50% 32 (14%) 7 (10%) 


Internal carotid stenoses less than 50% 21 (9%) 15 (20%) 


Tortuous internal carotid 
Occluded carotid 


1 (1%) 
2 (3%) 


8 (4%) 
21 (9%) 


External carotid stenoses 5 (2%) O (0%) 
Normal carotid arteries 142 (62%) 48 (66%) 


Totals 


bruits had internal carotid stenoses. 

Comparison of Correlations of An- 
giographic Findings and Bruit in Pa- 
tients With and Without Cerebral Is- 
chemia Symptoms.—Of 248 patients 
with TIA, 181 had unilateral or bilat- 
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229 (100%) 





73 (100%) 


eral carotid bruits. The remaining 67 
patients with TIA had no bruits. In 
169 asymptomatic patients a total of 
265 bruits were heard. Table 3 shows 
a comparison of the arteriograpaic le- 
sions in carotid arteries with bruits in 














symptomatic and asymptomatic pa- 
tients. Table 4 shows the comparison 
of the arteriographic lesions in ca- 
rotid arteries without bruits in symp- 
tomatic and asymptomatic patients. 
Although the incidence of stenoses 
greater than 50% is somewhat higher 
in arteries with bruits of patients 
with TIA than in asymptomatic pa- 
tients, the difference in the two 
groups is not striking. This similarity 
is not surprising since TIAs are more 
likely due to repeated embolization 
from rough areas in the artery than 
from stenoses causing limited flow. 


Comment 


The coexistence of neck bruits and 
carotid occlusive disease was first re- 
ported by Fisher,' and the importance 
of this association has been stressed 
by many authors.*"’ Rennie et al’ 
found that in patients with cerebro- 
vascular insufficiency who had neck 
bruits, 76% had arterial obstruction 
demonstrable on the angiograms at 
the site of the bruit. Of the patients 
with carotid occlusive disease treated 
surgically by DeWeese et al, 75% had 
carotid bruits. In a group of 100 pa- 
tients, Thompson et al° found that 
90% of carotid bruits represented in- 
ternal carotid stenoses. They also re- 
ported that 44% of the carotid ar- 
teries without bruit were diseased but 
only 19% had internal carotid ste- 
noses. On the other hand, Ziegler et 
al‘ reported that in a series of 199 
patients with cerebrovascular insufh- 
ciency, 73% of the carotid arteries ste- 
noses had no bruit and stated that 
“the presence of bruits over the ca- 
rotid arteries is a highly fallible in- 
dicator of underlying carotid artery 
disease.” 

Atherosclerotic changes of the ca- 
rotid arteries may cause turbulence in 
the blood flow and a bruit (the audi- 
tory manifestation of turbulent flow) 
may or may not be heard. Theoret- 
ically, any irregularity of the arterial 
intima would cause some degree of 
turbulence and consequent vibration. 
Whether this vibration can or cannot 
be heard depends on its frequency 
and intensity. Some lesions are more 
likely to cause bruits than others. We 
found bruits in 88% of carotid arteries 
with stenoses over 50% and in 70% of 
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carotid arteries with stenoses less 
than 50%. In eur series, no bruit was 
heard when the eommon carotid ar- 
tery was totally >decluded but two 
thirds of the internal carotid occlu- 
sions were associated with bruits. In 
these instances, the bruit was fre- 
quently eausec by en external carotid 
stenosis. Uf the angiographically nor- 
mal carotid arteries of this series, 28% 
had bruits. These were usually low- 
grade bruits and probably arose from 
small irregularities hidden by the 
solid column ef contrast material in 
the particular orojection that was ob- 
tained. Im a few instances, the contra- 
lateral carotid artery was totally oc- 
cluded and the brui= could perhaps be 
explained on basis ef increased blood 
flow in the normal side. 

The presence of a bruit is generally 
not as important as its location, qual- 
ity, and mtensity. The bruit caused 
by a stenosis of the internal carotid 
artery is usually heard high in the 
neck just below the angle o? the jaw. 
In our series 50% of saft bruits 
(grade 1), 100% of loud and harsh 
bruits (grade 4), and approximately 


SIGMUND A. WzsonowskI, MD, Rockville 
Centre, NY: We have noticed that in many 
patients, especially with a high degree of 
stenosis in the carotid, that the murmur is 
variable; that one day it may be heard and 
the next day it is not present; this leads to 
interesting discussions with the internist, 
who may net hear it prior to vascular con- 
sultation. 

I would ike te know, therefore, if the 
observation of bruit im each patient was 
made on a singl examination or on re- 
peated examinations. Second, in how many 
of the patients with asymptomatic bruits 
that had no carot d lesions on angiography 
would the bruit. disappear with earotid ar- 
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75% of intermediate bruits (grade 2 
and 3) were associated with internal 
carotid stenoses. The absence of bruit 
does not exclude the possibility of ca- 
rotid stenoses since 25% of the carotid 
arteries without bruits in this group 
had internal carotid artery stenoses. 

In patients in this series with TIA, 
75% of carotid bruits (independent of 
intensity) represented internal ca- 
rotid stenoses, 11% represented mis- 
cellaneous lesions (occlusions, tortu- 
osity and external carotid artery 
stenosis), and 14% represented angio- 
graphically normal carotid arteries. 
In patients with no symptoms of ce- 
rebral ischemia, 65% of carotid bruits 
represented internal carotid artery 
stenoses; 21%, miscellaneous; and 14%, 
angiographically normal carotid ar- 
teries. The difference in the findings 
in these two groups of patients is not 
striking and it substantiates the 
point that the arteriographic lesion 
and the bruit have a clear relation- 
ship while symptoms of cerebral is- 
chemia are more likely due to re- 
peated embolization and have no 
clear relationship to either the sever- 


Discussion 


tery compression? 

ALLAN R. Downs, MD, Winnipeg, Mani- 
toba: I think it’s important to recognize 
other causes of carotid bruit particularly 
when one is considering treatment of 
asymptematic patients. I would like to ex- 


tend Dr. Wesolowski’s question and ask 


how many of the carotid bruits can be 
made to disappear by compression of the 
subclavian artery in the neck. I think that 
Dr. Thompson suggested this morning that 
on occasion, at least, the carotid bruit ra- 
diates from the subclavian artery and we 
have observed this also. 

Dr. Davin: In answer to Dr. Weso- 
lowski’s questions, if a bruit is present one 


ity of the angiographic lesion or’ 
bruit. 
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day and absent the next, it is usually a soft 
bruit and its significance is not the same as 
louder ones which are almost always pres- 
ent. 

Regarding the compression of the ca- 
rotid artery to see if the bruit disappears 
or not, I do not know the answer. Strokes 
have been produced by this maneuver and 
we do not do it. 

In answer to Dr. Downs’s question, we 
agree that compression of the subclavian 
artery is a useful maneuver to differ- 
entiate a carotid bruit from a transmitted 
subclavian bruit. However, we only use 
this maneuver when the bruit is loudest at 
the base of the neck. 
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VIOKASE 


4xN.F. Protease — 6xN.F. Amylase — 10xN.F. Lipase (whole pancreas); 


Digests 100 times its weight of casein; 150 times its weight 
of starch; 456 times its weight of fat. Contains esterases, 
peptidases, nucleases, elastase, collagenase and other 

enzymes of pancreas (not an artificial mixture of enzymes). 


in VITRO Viokase rich in most enzymes found in the human pancreas... 
BUT, ultimate measurement is: - Performance in VIVO—in MAN 





Effective without enteric coating. 
More clinical studies confirming effectiveness Viokase in man, 


than for all other pancreatic preparations combined. 


Replaces pancreatic 


enzymes in man with 
total pancreatectomy 


Recent papers of significance: 


Vitamin B,. malabsorption in chronic 
pancreatic insufficiency; Phillip P. Toskes, 
et al, New England J!. of Medicine, 284, 
12, 1971. 


"“Viokase contains an intrinsic factor 
essential for absorption of By.” 


Pancreatic Problems, 2. Chronic Pancreatitis 
and Pancreatic Tumors, Robert M. Zollinger, 
Postgraduate Medicine, pp. 145-149, 

April, 1971. 


‘‘Pancreatic replacements such as 
pancreatin (Viokase) are given ina 
dosage of 1 gm three times per day.” 


The Use of Pancreatin in Fat Embolism; 
W. W. Waddell, presented Nebr. Sec. Amer. 
Coll. of Physicians, February, 1971. 


‘‘One can produce measurable increase 
in serum lipase levels by .. . Viokase. 
... patients with fat embolism. ..do 
better clinically.” 


Effect Pancreatic Collagenase on Muscle 
Connective Tissue; L. D. Satterlee, J1. Food 
Séi, 36: 130-132,.1971. 


Viokase contains high concentrations 
collagenase and elastase essential to 
digestion. 


Consistent Effectiveness > 


Help for the few — 


Beef Viokase — the only source of 






Ten or more years after 
total pancreatectomy Viokase and 
insulin maintain useful life in man. Reported 
by Kenneth Warren following his published study 


in Annals of Surgery, 164:830:834 (1966), “Life after 


Total Pancreatectomy for Chronic Pancreatitis.” “Eight 


patients had total pancreatectomy ...a long term 
follow-up is now available for six. The diabetic state 
has remained stable in these patients, and their 
nutrition and weight are maintained on a high 
carbohydrate, high protein, low fat diet, 


together with use of desiccated 


whole pancreas, Viokase.” 


Harry Shwachman, et al, Pediatrics 46:335-343 


(1970) states: “We have used Viokase in powder 








or tablet form as an effective product since 
1951.” Nineteen years of consistent 


effectiveness. 


Beef Pancreatin for the few patients 


allergic to pork. 
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Postoperative Thromboembolism 


A Clinica. Study With '*°I-Fibrinogen and Pulmonary Scanning 


James M. Hartsuck, MID, Lazar J. Greenfield, MD, Oklahoma City 


Scanning with | fibrinogen is an objec- 


tive, accurate amd safe method of evaluating 
peripheral thrembosis the postoperative 
period. Higt+msk patient populations are 
identified for careful monitoring and for 
evaluation of prephylactic therapy. Attention 
is directed to the early postoperative appear- 
ance of these thrombi and the ability of the 
fibrinogenscan :o preempt the clinical mani- 
festations. Pulmonary scanning in the post- 
operative perod does net appear to be a re- 
liable diagnestic test for pulmonary emboli 
in the patient with chronic pulmonary dis- 
ease. 


Heran embəlsm continues to 
be an -moortamt cause of postop- 
erative morbdity and mortality. In 
fact, pulmersry embolism has been 
found to be tne single most common 
cause of death at postmortem exami- 
nation and is estimated to be respon- 
sible for at least 5% of postoperative 
deaths.'* It is especially tragic after 
elective surgery, and in one half of 
such deaths it ocears without warn- 
ing.“?')) The higa rate of clinical 
diagnostic emors for both pulmonary 
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embolism and venous thrombosis is 
well documented; false-positive as 
well as false-negative results occur 
frequently.’* This high rate of diag- 
nostic error has greatly limited our 
ability to evaluate prophylactic, ther- 
apeutic measures. 

Previous studies in our postopera- 
tive patients in which postoperative 
pulmonary scans were compared with 
preoperative scans showed a 14% inci- 
dence of abnormal pulmonary scans, 
usually in asymptomatic patients.° 
Recently, human fibrinogen labeled 


with radioactive iodine has been uti- 
lized to detect early venous throm- 
bosis and to evaluate the natural his- 
tory®® as well as the methods of 
preventing thromboembolism.”'’ This 
clinical study was undertaken in an 
effort to determine the relationship 
between an abnormal standard lung 
scan and extremity thrombosis deter- 
mined by '*I-fibrinogen scanning. 
Also, it was hoped that appropriate 
clinical populations could be defined 
for the evaluation of prophylactic 
therapy. 


Fig 1.—Analysis of first day for 20% elevation of fibrinogen activity emphasizes early on- 


set of thrombosis. 


14 


12 


NUMBER OF PATIENTS 





5 6 7 
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Material and Methods 


All fibrinogen used in the peripheral 
scans was obtained from a single donor. 
The single donor was selected as an indi- 
vidual outside of the medical community 
with no history of hepatitis, jaundice, or 
previous transfusions. Results of thorough 
physical examination and liver function 
tests were normal. Screening for Australia 
antigen also yielded normal results and 
was repeated monthly throughout the pe- 
riod the person has served as a donor. Fi- 
brinogen was collected weekly by plasma- 
pheresis, and the fibrinogen was labeled, 
passed through a polymer filter, and placed 
in single-dose vials. 

Patients were given 10 drops of satu- 
rated solution of potassium iodide prior to 
injection of the radioactive fibrinogen and 
each day postoperatively for one month. 
One hundred microcuries of labeled fibrin- 
ogen with specific activity of approxi- 
mately 100 millicuries/mg of fibrinogen 
were given intravenously. The labeled fi- 
brinogen was given the day before sur- 
gery, and both lower extremities were 
scanned one hour after injection. Scanning 
techniques were similar to those described 
by Flane et al" and included elevation of 
the legs while scanning. Both extremities 
were scanned daily for the first postopera- 
tive week. Values were expressed as a per- 
centage of the heart count, and the total 
counts of each point were made to 1,000 or 
10,000, depending on the count rate. The 
experimental error was determined by se- 
rial counts of given points in the thigh and 
calf and was less than 8% on several occa- 
sions. Scans were considered abnormal 
when an elevation of more than 20% of the 
heart count occurred at a given point and 
was sustained on two consecutive days. 
When possible, abnormal scans were con- 
firmed by venography. At the end of the 
first postoperative week, or prior to dis- 
charge, if this occurred sooner, the patient 
underwent a standard pulmonary scan 
with I 131 macroaggregated serum albu- 
min. 

Two hundred patients in the postopera- 
tive period were selected for this study. 
Patients under the age of 40 years, as well 
as those requiring surgery below the fem- 
oral triangle, were excluded. Patients re- 
quiring sternotomy or incisions near the 
heart also were excluded. 


Results 


Daily fibrinogen scanning indi- 
cated peripheral thrombosis in 17%, 
34 of the 200 postoperative patients. 
The elevation of 20% or more in fi- 
brinogen scanning was first noted in 
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Table 1.—Clinical Findings in Patients With Abnormal Fibrinogen Scans 


rn 


Initial 
Fibrinogen 
Patient No. Venogram Peak Day 


1 Abnormal None oat 4 
2 Abnormal None ae 4 
3 Abnormal None he 1 
4 bie None et 1 
5e Normal None 2 3 
PP 2 

1 





Clinical Findings and Day 
















6 Abnormal None 

7 S None 

8* Abnormal Tender, swollen 

thigh & calf 4 2 

9* Abnormal Tender thigh 3 1 
10 Sue None a= 4 
11 ik None vat be aud 
12 a None 1 
13* RA None 1 
14 Abnormal None 4 
15 Normalt None 1 
16 Normalt None (0) 
17 Abnormal None An 2 
18 Abnormal Tender calf 4 0 
19* T Tender calf 3 1 
20 Normal Tender calf 2 1 


O 


None 
None 2 


N 
N 


23 Normal 






25 Abnormal Tender calf 4 3 
26 Abnormal None beat 2 
Tender, swollen, 
inflammed 
thigh & calf 
29 Abnormal None a i 1 
30 Abnormal None ae 1 
31 Abnormal None EN 0 
32 Abnormal None PE 1 
33 Abnormal None Pie 1 
34 Abnormal Tender, painful 6 
calf; pleuritic 
chest pain 7 2 
19:24 Average day, 3.9 





Average day, 
1.5 








* Thigh clot detected by fibrinogen scan. 
t Failure of veins to fill. 


the early part of the postoperative pe- 
riod (Fig 1). The average time for ap- 
pearance of peripheral thrombosis by 
fibrinogen scanning was 1% days 
postoperatively. The calf predom- 
inated as the major locus of pe- 
ripheral thrombosis, and the upper 
part of the thigh appeared to be a sec- 
ond common source of thrombi (Fig 
2). 

Eight of the 34 patients with 
abnormal fibrinogen scans demon- 
strated clinical findings suggestive of 
peripheral thrombosis. The average 
time that these signs were first noted 


was 3.9 days postoperatively. In each 
instance, the fibrinogen scan was 
clearly abnormal prior to clinical 
signs. In the majority of patients, pe- 
ripheral thrombi were silent clinically 
(Table 1). The incidence of peripheral 
thrombosis appeared to be more com- 
mon with advancing age (Fig 3). In 
an effort to evaluate the influence of 
age as a factor for the high risk in 
certain operations, the entire prosta- 
tectomy population was analyzed be- 
cause of its demonstrated high risk 
and known occurrence in older pa- 
tients. We found one patient in the 
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NUMBER OF CLOTS 


Fig 2.—Pasition of clots as diagnosed by fibrinogen scan shows 
calf predem mance amd suggests upper thigh as a secondary site. 


fifth decade, two in the sixth, nine in 
the sevent a and six in the eighth dec- 
ade. Comparison of this distribution 
with the imeidenee of clots by age 
(Fig 3) shows that age alone cannot 
be responsible for the increased inci- 
dence of peripheral throm Dosis in our 
prostatectemy population. 
Correlation of abnormal fibrinogen 
scanning with venography was ob- 
tained in 24 patients. In 19 of these 
patients, imtraluminal elots were 
demonstrated, and in twc there was 
failure of a major venous segment to 
fill at the locus of increased fi- 
brinogen activity. In each zase, the lo- 
cation of clot demonstrated on the 
venogram correlated with the posi- 
tion detected by fibrinogen scanning. 
It was impressive that the fibrinogen 
scanning appeared to be a sensitive 
modality and that striking elevations 
in the fibrinogen activity were pro- 
duced by small intraluminal clots. The 
other three patients for whom venog- 
raphy did rot confirm the abnormal 
fibrinogen scanning were examined 
in detail (Table 2). One patient had an 
abnormal fibrinogen scan in the distal 
part of the thigh after a femoral an- 
eurysmectomy on the ipsilateral side; 
the proximity of tae wound may have 
been responsible for the apparent ab- 
normal fibrmogen scan. A second pa- 
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PERCENTAGE 
3 








AGE RANGE 


Fig 3.—Fraction of patients demonstrating peripheral thrombosis 
appears to increase with advancing age. Fractions represent pa- 


tients with abnormal scans divided by number of patients in age 


group. 


tient had active rheumatoid arthritis 
involving the knee adjacent to the ab- 
normal fibrinogen peak. The third pa- 
tient had a borderline elevation of the 
fibrinogen activity, and it is impos- 
sible to be certain which test was in 
error. 

The incidence of peripheral throm- 
bosis detected by fibrinogen scanning 
was evaluated with reference to the 
operative procedure (Table 3). It is 
clear from this data that the inci- 
dence of peripheral thrombosis varies 
dramatically from 5% or less in our 
hernia and cholecystectomy popula- 
tions to the much higher incidence of 
30% to 45% after pelvic surgery, eg, 
44.4% after prostatectomy. The x’ test 
indicates that the incidence of throm- 
bosis is significantly different in the 
prostatectomy population than in the 
hernia-cholecystectomy population 
(P<.0001). Our data would indicate 
that the type of procedure in the pop- 
ulation over 40 years old may be more 
significant in terms of risk than the 
age ef the patient. 

The last 41 consecutive, postopera- 
tive patients have been studied con- 
comitantly with impedance phlebog- 
raphy. Six of these 41 patients had 
abnormal fibrinogen scans, and only 
one ef the six had abnormal findings 
from impedance study. We demon- 


strated no examples of abnormal 
impedance with normal fibrinogen 
scans. 

Correlation of postoperative pulmo- 
nary with fibrinogen scanning was 
possible in 30 of the 34 patients with 
abnormal fibrinogen scans. A normal 
postoperative lung scan was present 
in 9 patients, and an abnormal pulmo- 
nary scan in 21 (70%). 

Postoperative lung scans were ob- 
tained in 196 patients. An abnormal 
lung scan consistent with pulmonary 
embolus was demonstrated postoper- 
atively in more than one half of the 
patients (Table 4). Correlation of the 
repeated lung scan with clinical evi- 
dence of chronic pulmonary disease 
was demonstrated in two groups. 
First, patients whose later lung scans 
were markedly improved had only 5% 
incidence of clinical pulmonary dis- 
ease. One third of this group had ab- 
normal extremity scans. The second 
group was composed of patients with 
a high incidence of chronic pulmonary 
disease (80%) and a low incidence of 
peripheral thrombosis (13%). Re- 
peated pulmonary scanning did not 
demonstrate improvement (Fig 4). 
The x? test demonstrated that the in- 
cidence of chronic lung disease in pa- 
tients for whom an improvement or 
return to normal in postoperative 
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Table 2.—Abnormal! Fibrinogen Scans and Normal Venograms 


Patient No. Operation 
5 Resection right femoral 


aneurysm 
16 Cholecystectomy 
Aortic aneurysm 


Abdominal perineal 


Wound 
Near 


ae 


Venogram 
Normal 


No Failure of vein 
to fill 
Arthritis Normal 


of knee 


Fibrinogen 
Scan 


Va ee ee eee ee ee eee es E E S E A E 
No Normal 2 


Abdominal perineal 


LD a ch scion 9 8 tebe nae lc. SO et th en ee a 
No Failure of vein 


scanning occurred was significantly 
different from the incidence of lung 
disease in those who had unchanged 
scans or demonstrated deterioration. 
In addition, the incidence of chronic 
lung disease for the population who 
failed to demonstrate improvement 
in the repeated scanning differed sig- 
nificantly from the incidence of lung 
disease in the overall population (x? 
test, P<.001). 

In 11 patients with abnormal pul- 
monary scans, pulmonary angiogra- 
phy was performed in an effort to 
evaluate the abnormal postoperative 
pulmonary scan. Findings from pul- 
monary angiography were abnormal 
in eight of the 11 patients (Table 5). 
Correlation with fibrinogen scanning 
revealed that three of these eight pa- 
tients also had an abnormal periph- 
eral scan. Only two of the eight pa- 
tients had chronic lung disease. 
Correlation with repeated lung 
scanning indicated that four of six 
patients with abnormal angiographic 
findings demonstrated improved or 
normal lung scans. All three patients 
with normal angiographic findings 
had chronic lung disease, and the con- 
dition of two failed to improve with 
repeated scanning. 


Comment 


Peripheral ‘°I-fibrinogen scanning 
is recognized as a safe and reliable 
diagnostic method to detect periph- 
eral thrombosis. We have examined 
more than 300 patients without evi- 
dent complications. The utilization of 
a single donor for the labeled fibrino- 
gen with periodic examination of the 
donor, including Australia antigen 
screening, should decrease the risk of 
hepatitis. The incidence of hepatitis 
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to fill with 2 





separate studies 


Table 2.—Incidence of Peripheral Thrombosis Detected by Fibrinogen Scanning 


pE 


Operation 
Prostatectomy 
Abdom nal perineal resection 


Abdom nal aortic aneurysm 
and aorto femoral 


Ileal loop 

Renal operations 

Genera abdominal operation 
Hysterectomy 

Miscellaneous 
Cholecystectomy 

Hernia (inguinal & umbilical) 
Bladder operations 

Total 


No. of 
Patients 


Abnormal 
Fibrinogen Scans 


8 


15 5 


Ol] RR RR | ORRIN 


Ww 
rs 


Table 4.—Postoperative Lung Scans 


Patients 
Studied 
Veterans Administration 
Hospital 110 
University Hospital 90 


Lung Scan Abnormal 


109 62 
87 52 


49 Follow-up Scans From 62 of 109 Patients 
(34 of 110 Had Chronic Lung Disease) 


6 Normal scans 1 of 19 
13 Improved scans 
26 Unchanged scans 


4 Worse scans 


25 of 30 


has been as high as 19% when pooled 
fibrinogen is used therapeutically,’ 
but with appropriate screening of the 
donor the risk should be reduced to 
acceptable levels for routine screen- 
ing in high-risk populations. 

Early studies have consistently re- 
ported a high incidence of positive 
correlation between venography and 
125]-fibrinogen scanning.** We were 
able to confirm the abnormal f.brino- 
gen scan in 19 of 24 (79%) patients by 
demonstration of an intravascular 
thrombus. Analysis of the five pa- 
tients in whom venography failed to 


Chronic lung | 


disease P <.00001 


disease 





Chronic lung | 


confirm the abnormal fibrinogen scan 
implicated an adjacent wound and 
adjacent arthritic joint as the prob- 
able cause for the increased fibrino- 
gen activity in two patients. In two 
additional patients, venography was 
limited by failure of the vein in ques- 
tion to fill. It was striking that a 
small clot, which might be missed on 
casual examination of the venogram 
or confused by an overlying bony 
structure, could be responsible for a 
major increase in fibrinogen radio- 
activity. An important limitation of 
the fibrinogen technique is its inabil- 
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Fig 4.—Of 19 patients who had normal or 
improved scans. cne rad chronic lung dis- 
ease. Of 30 patients who had unchanged or 
deteriorated scans, 25 had chronic lung dis- 
eas2. Probabili that the two samples, 1 of 
19 and 25 of 30 ere the same is <.0001 in 
a x° test. 


ity to evaluace the deep pelvic and 
iliac veins. 

The fibrinszen scanning technique 
in postoperative patients provides a 
unique oppertunity to examine the 
timing and pattern of thrombosis. It 
is an objecteve method with serial 
examination and coes not depend on 
pazient coape7etion in the early post- 
operative period. The dramatic ap- 
pearance of elots in the recovery room 
and during the perioperative period 
should apprerriately focus preventive 
and therapeuzie maneuvers to an ear- 
lier time. Atthough most of the pa- 
tients to net-demonstrate clinical evi- 
denee of the tarombosis, 24% of our 
patients who had an abnormal fibrin- 
ogen scan did show clinical signs of 
phlebitis, and in each instance indica- 
ticns from tae fibrinogen scan pre- 
ceded the climcal diagnosis. On the 
average, find-nzs from the fibrinogen 
scan preceded clinical findings by 2.4 
days. It is imonessive to observe a pa- 
tient who kes massive elevation of 
fibrinogen racioactivity throughout 
the extremity with large clots demon- 
strated by verography, and then to 
witness clinical signs of iliofemoral 
thrombophietitis subsequently. 

Kakkar and iis associates demon- 
strated that she majority of thrombi 
detected by the fiorinogen technique 
occurred firs: in the calf. Although 
the calf posiñan predominated in our 
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Table 5.—Patients With Abnormal* Lung Scans Evaluated 
by Pulmonary Angiography 


pE 


SIBIRIE| as 
+| | 


g 


63 | QI] & 
1 }+}+]+]+}+ 


© 


* Abnormal, +; normal, —. 


patients as well, we observed isolated 
and eoncomitant high thrombi and 
did net observe progression from calf 
to thigh thrombosis in an ascending 
manner. 

Although others have not found 
that the type of operation signifi- 
cantly influenced the incidence of 
deep-vein thrombosis,’ we observed 
significant variation in the incidence 
of deep-vein clots that would appear 
more consistent with previous clinical 
impressions (Table 3). Analysis of age 
as a predisposing factor confirmed 
previeus data that revealed an in- 
creased incidence of thrombosis with 
increasing age (Fig 3). However, ex- 
amination of age within a high-risk 
group, eg, prostatectomy patients, in- 
dicates that age alone cannot explain 
the increased risk of thrombosis for 
this group. 

Previous studies in our patients, 
comparing preoperative and postop- 
erative pulmonary scans, indicated an 
incidence of pulmonary embolism in 
the postoperative group of 14% and 
emphasized the absence of clinical 
evidence of the emboli in these pa- 
tients.’ In the present study, pulmo- 
nary scanning was obtained routinely 
at the end of the first postoperative 
week and the scans were found to be 
abnormal in a high percentage of pa- 
tients (58%). If these abnormal pul- 
monary scans were the result of pul- 
monary emboli, one would expect a 
marked improvement in a follow-up 
scan several weeks later.'! Correla- 
tion of the repeated lung scan with 
clinical evidence of chronic pulmo- 
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Lung 
Scan 
a 


Clinical 
Pulmonary 
Disease 


Repeated 
Lung Scans 
Normal 
Normal 
Improved 
Normal 
Normal 


+|+ 


Unchanged 
Worse 
Unchanged 
Worse 





+++ 


nary disease demonstrated two dis- 
tinct groups. First, patients whose 
additional lung scans were markedly 
improved had only a 5% incidence of 
clinical pulmonary disease. One third 
of this group had abnormal extremity 
scans. The second group was com- 
posed of patients with a high inci- 
dence of chronic pulmonary disease 
(80%) and a lower incidence of periph- 
eral thrombosis. Repeated pulmonary 
scanning did not demonstrate im- 
provement in the latter group (Table 
4, Fig 4). Therefore, an abnormal 
postoperative pulmonary scan in the 
presence of chronic lung disease did 
not appear to be a reliable indicator 
of pulmonary emboli. On the other 
hand, in the absence of chronic lung 
disease, most of our patients with ab- 
normal lung scans did demonstrate 
improvement upon repeated scanning 
(75%), and one third had abnormal ex- 
tremity scans. For the 66% of pa- 
tients whose lung scans improved and 
who failed to have an abnormal fi- 
brinogen scan, we are unable to dis- 
tinguish our failure to detect periph- 
eral thrombosis from false-positive 
results of lung scans. The fact that 
less than half of the patients with ab- 
normal pulmonary angiographic find- 
ings had abnormal fibrinogen scans is 
noteworthy and suggests a higher in- 
cidence of pelvic or iliac thrombosis 
than has been previously appreciated. 

Peripheral scanning with '°I-fi- 
brinogen would appear to be valuable 
as a diagnostic tool for high-risk pop- 
ulations. It appears both safe and re- 
liable. Patients with identified, sig- 
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nificant thrombosis are at risk from 
pulmonary embolism’ and full-dose 
anticoagulation therapy would ap- 
pear to be indicated.: The definition 
of high-risk clinical populations 
should also provide a valuable group 
for study to evaluate existing thera- 
peutic and prophylactic measures, 
and such studies are currently being 
pursued. Our preliminary results, in a 
randomized study of 51 patients to 
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Makis J. TsapoGas, MD, Albany, NY: Dr. 
Campbell, members, and guests: I have en- 
joyed very much this paper by Dr. Hart- 
suck and Dr. Greenfield. In our series of 
135 postoperative patients who were 
screened by a radioactive fibrinogen tech- 
nique, the incidence of venous thrombosis 
was 19%. The results of these tests were 
confirmed by venography, and the correla- 
tion between the two methods was very 
satisfactory. 

False-negative results with the radio- 
active fibrinogen were noted in only one 
patient. We have found this method accu- 
rate mainly when thrombosis affects the 
veins of the lower part of the thigh and 
leg. In several instances, the fibrinogen 
technique showed early venous thrombosis 
that venography could not initially demon- 
strate. However, subsequent venography 
did show evidence of thrombosis in these 
cases. 

The magnitude of the operative proce- 
dure was found to affect, in our series, to a 
limited degree the incidence of thrombosis, 
while the age of the patient did play an im- 
portant role. We have found that elevation 
of the legs, well-fitted elastic stockings, 
and exercise before and after operation 
have distinctly decreased the occurrence of 
venous thrombosis. 

I was interested to note the very high in- 
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evaluate low-dose heparin sodium 
prophylaxis by the method of Kakkar 
et al, have not demonstrated a re- 
duction in the incidence of postopera- 
tive peripheral thrombosis. Addi- 
tional studies are certainly indicated. 
In fact, fibrinogen scanning may 
evolve principally as a practical test 
to identify early thrombosis and per- 
mit early, selective anticoagulant 
therapy. 
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Discussion 


cidence of abnormal lung scans in the 
series reported. As the authors have just 
mentioned, I feel it is important for the 
lung scans to be repeated in all patients 
during the hospitalization period, before 
any conclusions can be reached about their 
diagnostic value. It is well known that one 
of the frecuent signs of thrombi causing 
pulmonary embolism is the iliac and proxi- 
mal femoral venous segment. Only de- 
tailed, careful venography, including this 
segment, may give a comprehensive an- 
swer to all the sources of emboli. 

May I ask the authors what prophylactic 
measures have applied in their present 
series for preventing venous thrombosis? 

EricH W. PoLLAK, MD, Los Angeles: As 
stated by Drs. Hartsuck and Greenfield, it 
is important to define appropriate clinical 
populations for treatment of postoperative 
thromboembolism. 

We know that postoperative deep venous 
thrombosis is more frequent than formerly 
suspected, but very few patients have clin- 
ically signiticant disorders and even fewer 
develop lethal pulmonary embolism. Fur- 
thermore, all available treatments far deep 
venous thrombosis carry possible morbid- 
ity and mortality that has to be weighed 
against the potential benefits of these 
methods. 

The question then is not how to detect 
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deep venous thrombosis in the postsurgical 
patient, but how to individualize and how 
to treat only those patients who actually 
need treatment. ; 

I feel that a combined study, utilizing 
the '*°*I-fibrinogen uptake test and a venous 
scan with technetium Tc 99m sulfur colloid 
gives the best available answer to this 
question, according to our own research at 
the University of California at Los An- 
geles. 

Our technique with ‘I-fibrinogen dif- 
fers from the one described by Drs. Hart- 
suck and Greenfield in the fact that we 
only utilize autologous fibrinogen. The 
peril of transmitted hepatitis has been 
definitively eliminated. . 

Serial counts of the fibrinogen uptak 
are performed and compared with the base 
line values for each patient. Increasing ac- 
tivity at one given site is an index of active 
apposition of fibrinogen, while a single ele- 
vated test value has less importance. We 
can so identify the actively growing 
thrombus, which is the one requiring medi- 
cal treatment. This treatment is anti- 
coagulation therapy. 

Furthermore, a technetium Tc 99m sul- 
fur colloid scan is performed as a base line, 
and it is repeated as necessary when an ex- 
tension of the thrombosis beyond the calf 
is suspected, because the technetium Te 


Thromboembolism/Hartsuck & Greenfield 


99m sulfur colloid scan demonstrates 
thrombi in the large veins of the thighs 
and in the abdomen, where the '**I-fibrino- 
gen is less useĒil. 

Anticoaguiataon is not always an effec- 
tive treatment for taromboembolism. In- 
creasing thromoosis and lethal pulmonary 
emboli may oveur in patients adequately 
anticoagulatec or even bleeding from ex- 
cessive anticoagulatien. It is my personal 
belief that if a thrombosis exzends to the 
big veins of the thighs or abdomen in spite 
of adequate amticeagulation therapy, an 
inferior vena cava irterrupticn should be 
considered without awaiting fer the poten- 
tially lethal pulmomary emboli to occur. 

JOSEPH M. Van De WATER, MD, Los An- 
geles: I will my to make my comments 
brief on this very provocative paper from 
two excellent surgeons, long-time friends 
of mine. 

Dr. Hartsuc< in reviewing your abstract 
and also one ty Dr. Hume, from Tufts, 
whose paper we will 1ear tomorrow, there 
appears to be a 35% incidence cf false-posi- 
tive results. Deesn’t this figure imply that 
the “I-fibrincf@en technique is too sensi- 
tive? 

Second, I would asx you to comment on 
the fact that this tecanique probably does 
not detect estaolished clots. I: is only ef- 
fective, I believe, when the dot is being 
formed, and fibrinogen is gong into the 
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clot. 

Third, does this technique require a 24- 
hour period for an answer? 

Fourth, what would you estimate the 
cost to be on an individual basis, either 
done by your technique of having a single 
donor for fibrinogen, or using, perhaps, the 
patient himself, as described by Dr. Pol- 
lak? | 

It would be impossible for me not to 
make a remark about impedance, which I 
think is a very effective means for detect- 
ing the significant cases of deep-vein 
thrombosis. In answer to recent papers by 
Drs. Salzman and Couch, I feel that the 
false-negative results can be avoided if one 
puts a tourniquet around the thigh to elim- 
inate fow through the superficial veins, as 
described by Dr. Alan Gazzaniga; and that 
the large number of false-positive results 
in uncooperative patients can be elimi- 
nated by the simple maneuver of applying 
pressure to the abdominal wall to tempo- 
rarily occlude the inferior vena cava as 
suggested by Dr. Victor Bernhard. 

Dr. HARTSUCK: I wish to thank the dis- 
cussants. To my knowledge, Dr. Tsapogas 
was the first, in this country, to use the '**I- 
fibrinegen technique, and his study that in- 
cluded venography on all patients provides 
the ineidence of false-negative and false- 
positive results and is extremely valuable 
in the interpretation of our data. Our cur- 


rent efforts for prophylaxis utilize the low- 
dose heparin program in a randomized 
study. 

Dr. Pollak and his associates are to be 
commended on their ability to administer 
labeled autogenous fibrinogen. We have 
had difficulties with the process of labeling 
and have considered the time involved in 
testing for pyrogenicity and sterility to be 
a limiting factor for the use of autogenous 
fibrinogen. We have felt fortunate to have 
the assistance of Abbott Laboratories. 

The fibrinogen technique appears very 
sensitive. The false-positive results have 
been analyzed and seem reasonably well 
explained. There appears to be at least a 
75% positive correlation with venography. 

The fibrinogen technique can diagnose 
active phlebitis. I am not certain when a 
preformed thrombus cannot exchange with 
radioactive fibrinogen, but certainly pa- 
tients who are admitted with active clinical 
phlebitis often demonstrate an abnormal 
fibrinogen scan. i 

We routinely scan the patient one hour 
after the administration of the labeled fi- 
brinogen and have on occasion observed in- 
corporation of the radioactivity into a clot 
at that time. 

Dr. Van De Water, I am unable to esti- 
mate the cost of the fibrinogen scan at this 
time. Presently, it is not commercially 
available. 
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Massive Pulmonary Embolism 


A New Look at Surgical Management 


Raymond O. Heimbecker, MD; Wilfred J. Keon, MD; 


Kenneth U. Richards, MD, Toronto 


The following measures have revolution- 
ized the management of patients with mas- 
sive pulmonary embolism: (1) Closed chest 
massage will preserve brain viability while 
preoperative circulatory support is begun 
through groin cannulations under local 
anaesthesia. (2) Obligatory pulmonary angi- 
ography is carried out in operating room 
during circulatory support. (3) Subsequent 
anesthesia and thoracotomy is made safe 
with pump support. (4) Experimental studies 
in ten dogs and experience in three patients 
has demonstrated the value of closed chest 


U ntil recently the management 
of pulmonary embolism has 
been depressingly ineffectual. Despite 
the availability of emergency eardio- 
pulmonary bypass, precise angiogra- 
phy, and modern drug therapy, high 
mortality,’ inaccurate diagnosis, and 
inadequate preventive measures have 
only polarized the problems. 

We have assessed several measures 
which have revolutionized the man- 
agement of this dying group of pa- 
tients: (1) preoperative circulatory 
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massage in propelling a proximal pulmonary 
artery embolus into the distal arterial tree. 
This allows resumption of some pulmonary 
blood flow, a distinct improvement in he- 
modynamics, and patient recovery without 
surgery. 

Eighteen patients were managed in this 
way, seven without embolectomy (six survi- 
vors); 11 underwent embolectomy (ten sur- 
vivors). In the absence of caval surgery there 
has been no further embolism in a follow-up 
of one to seven years. 


support (PCS) through groin cannula- 
tions under local anesthesia, with 
preliminary closed chest massage 
(CCM) to preserve brain viability; (2) 
obligatory pulmonary angiography 
carried out during circulatory sup- 
port; (3) skillful persistent CCM to 
fragment and propel proximal em- 
bolus into the distal arterial tree, thus 
allowing resumption of pulmonary 
blood flow, a distinet improvement in 
hemodynamics and patient recovery 
without surgery. 


Diagnostic Methods 


The diagnostic methods used to assess 18 
patients described in this paper are out- 
lined in Table 1. The clinical picture of 
massive pulmonary embolism has been 
well described. In the present series one 
patient had severe chest pain and four had 
cardiac arrest. The remaining patients had 
severe dyspnea, collapse, profound hypo- 
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Patient 


17 


18 


Clinical 
Picture 
Suspic ous 
(shock); 
cyanosis 
Classical 
(sheck); 
cyanosis 
Suspicous 
(cardiac 
arrest); 
60 min 
massage 
Suspicious 
(cardiac 
arrest) 
Syanosis; 
sus iCcious 
(sheck) 
Dkassical; 
shock 
Cardiac 
arrest 


Cyanosis; 
shock 
Cyancsis; 
shock 
Cyancsis; 
shock 
Cyancsis; 
pain; 
tachycardia 
Cyanosis; 
shock 
Cyanosis 


Cyanosis; 
shock 

Cardiac 
arrest; 
pregnant 

Shock; 
pregnant 


Cyanesis 


Cyanesis; 
sheck 


Table 1.—Surgical Assessment in 18 Patients 


ECG 
Abnormal 


Abnormal 


Abnormal 


Abnormal 


Noncon- 
tributory 


Abnormal 


Abnormal 


Abnormal 
Abnormal 
Abnormal 


Abnormal 


Abnormal 


Abnormal 


Abnormal 


Abnormal 


* Cava indicates caval interruption. 
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Blood Gas Levels 
O» saturation, 72% 
Peo, 42 mEq/liter 


© saturation, 830% 
Pco2, 30 mEq/liter 


OŁ saturation, 65% 
Pco2, 40 

A-a gradient 

Poz, 28 mEq/liter 


Oe saturation, 70% 
CO2, 46 mEq/liter 


Oe saturation, 81% 
Pco2, 41 mEq/liter 


Poz, 78 mEq/liter 


Po2, 65 mEq/liter 


Poz, 80 mEq/liter 


Poz, 65 mEq/liter 


Poz, 75 mEq/liter 


Po2, 65 mEq/liter 


Pulmonary 
Angiogram 
Diagnostic 
(90% occlusion 
bilateral) 


Not done 
(moribund) 


Diagnostic 
90% occlusion (L) 
15% occlusion (R) 


Diagnostic 
50% occlusion (L) 


Diagnostic 
50% occlusion (L) 
25% occlusion (R) 


Not done 


Diagnostic 
50% occlusion (L) 
20% occlusion (R) 
Diagnostic 
bilaterally 


Diagnostic 
bilaterally 


Diagnostic 


Diagnostic 
bilaterally, 40% 


Treatment* 


Embolectomy; 
cava, 10 


Embolectomy; 
cava, no 


Embolectomy; 
cava, no 


Conservative 


Conservative; 
cava, no 


Embolectomy; 
cava, no 


Embolectomy; 
cava, O 


Conservative; 
cava, O 


Embolectomy; 
cava, O 
Conservative; 
cava, O 


Conservative; 
cava, O 


Embolectomy; 
cava, O 


Embolectomy; 
cava,O 

Embolectomy; 
caval ligation 

Conservative; 
cava, O 


Embolectomy; 
caval ligation 


Embolectomy; 
cava, O 

Embolectomy; 
cava, O 


Fig 1.—Left, Preoperative angiogram, showing filling defects and gross obstruction in both 
lung fields. Right, Six weeks after embolectomy, there is residual defect in right upper lobe only. 
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Result 
Excellent 


Excellent 


Excellent 


Excellent 


Excellent 


Excellent 


Excellent 


Excellent 
Excellent 
Good 


Excellent 


Excellent 
Excellent 
Excellent 


Excellent 


Death; 
second 
embolus 


Excellent 


Excellent 
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tension, cyanosis, and elevated central 
venous pressure. The electrocardiogram 
was of definite value in ten patients, dem- 
onstrating changes associated with acute 
cor pulmonale such as §,, Q,, and T, pat- 
terns. In several, the electrocardiogram 
made no contribution to the diagnosis. 

Blood gas analysis was very useful. 
There was a consistent pattern of low 
oxygen saturation with a normal arterial 
carbon dioxide pressure (Pco,). The alveo- 
lar-arterial carbon dioxide gradient, as de- 
scribed by Couves et al,’ was determined in 
several patients and was significantly ele- 
vated. 

Pulmonary artery angiography was the 
single most useful diagnostic procedure. 
With it, the exact diagnosis can be estab- 
lished and the size of the embolus can be 
determined. The catheter then can be left 
in the pulmonary artery so that the pulmo- 
nary artery pressure can be measured con- 
tinuously. The opaque medium was in- 
jected directly into the pulmonary artery 
in five patients and the diagnosis was 
established unequivocally in each. In 
one moribund patient, angiography was 
omitted because the clinical picture, ECG, 
and blood gas analysis were characteristic. 
Pulmonary angiography can be done at the 


Table 2.—Follow-Up in 16 Survivors 
(No Caval Interruption in 15)* 


Clinical Further 
Status Emboli 


Embolectomy (11) 11 excellent 0 


Conservative (5) 5 excellent 0 


* Patients observed one to seven years. 


Fig 2.—Residual embolus removed from 
pulmonary artery by Fogarty catheter. 
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bedside or in the operating room by inject- 
ing 25 to 50 ml of 60% diatrizoate meglu- 
mine (Renografin) into a central vein.” 
This was done in eight patients and gave a 
reasonably good outline of the lesion, thus 
confirming the presence and magnitude of 
the embolus (Fig 1). 

Lung scanning with iodinated I 131 hu- 
man serum albumin was done in three 
early patients. Others have advocated 
portable lung scans, but we have not used 
this method because we were concerned 
about the “false positive” results encoun- 
tered in patients with emphysematous 
bullae, left ventricular failure, and septic 
shock. Three patients had a lung scan and 
in all three it contributed to the diagnosis. 
We believe, however, that because a pul- 
monary angiogram is necessary, it should 
be done with priority, for scanning will 
waste valuable time. 


Methods of Management 


The condition of the patient with sus- 
pected massive pulmonary embolism is 
rapidly evaluated on the basis of the clini- 
cal picture, ECG changes, and bleod gas 
analysis. Simultaneously, he is resusci- 
tated, using assisted ventilation, CCM, and 
correction of metabolic acidosis. Where in- 
dicated, digoxin and cardiotonic agents 
such as isoproterenol are infused. If the 
patient does not respond to these mea- 
sures, partial cardiopulmonary bypass as 
described by Beall is instituted from fem- 
oral vein to artery through a portable 
pump oxygenator.°® 

Once PCS is instituted, the patient is 
safely transported to the radiology depart- 
ment or the operating room on the portable 


pump-stretcher. A pulmonary artery angi- 
ogram is performed and the pulmonary ar- 
tery and right ventricular pressures are 
recorded. If the diagnosis of massive pul- 
monary embolism is established, an emer- 
gency pulmonary embolectomy is per- 
formed, using total cardiopulmonary 
bypass. The operation is carried out 
through a standard median sternotomy in- 
cision. Total heart-lung bypass is achieved 
by cannulating the superior vena cava and 
clamping the inferior vena cava at the 
level of the right atrium. The superior 
caval catheter is adapted to the venous line 
by a Y adaptor while the inferior caval 
flow is returned through the cannula previ- 
ously placed in the femoral vein for partial 
bypass. Direct clot removal is facilitated 
by lung massage and repeated inflation of 
the lungs by the anesthetist. The Fogarty 
catheter can also be used to remove clots 
that are lodged in the periphery (Fig 2). 
Care must be exercised not to overinflate 
the balloon of the Fogarty catheter or the 
pulmonary artery can be ruptured. 

Caval interruption has been utilized in 
only one of the patients we encountered. 
All others received heparin sodium therapy 
followed by orally administered anti- 
coagulants after discharge from hospital. 

The patients who respond well to initial 
resuscitation are managed somewhat dif- 
ferently from those who do not. When ven- 
tilation and blood pressure have been re- 
stored, the patient is transported to the 
department of radiology and an emer- 
gency pulmonary artery angiogram and 
right heart pressure studies are per- 
formed. If a pulmonary embolus is demon- 
strated and the patient continues to do 


Fig 3.—Ability of closed chest massage to fragment embolus and propel distally. 


Closed chest massage & heparin 
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-ig 4.—Left, Radiopaque embolus lodged in main pulmonary artery of moribund dog. Right, Closed chest mas- 
saze has fragmented and driven embolus distally, resulting in improved hemodynamic results and recovery. 


well with supportive therapy, he is trans- 
ported to the imtensive care unit. Initial in- 
travenous acdirinistmtion of heparin so- 
dium, 150umits”kg of body weight, is given 
and subsequencly the intravenous dose is 
adjusted to mēintaiŁ the clotting time at 
twice the normal level. Ventilation is as- 
sisted and figitalization and cardiotonic 
agents, chiefy isopreterenol hydrochloride, 
are used as indicated. If the patient does 
well on this regimen, no operation is done. 

The chief indicatien for pulmonary em- 
boleetomy is a rising central venous pres- 
sure or right ventricular end-diastolic 
pressure accom panied by a falling arterial 
pressure aad progressive deterioration 
clinically and cm bloed gas analysis. It has 
been suggested thac any patient with a 
mean pulmonary artery pressure above 22 
mm Hg sheulc be operated on,’ but some 
patients with similar pressure elevations 
will do well with medical treatment. The 
amount of elevation of the right ventricu- 
lar end-diastol.c pressure is undoubtedly a 
more sensitive and ~eliable index. 

After operation, zhe patient is usually 
left heparimzed after decannulation and is 
given smal doses ef heparin during the 
first 24 hours. Within 72 hours the clotting 
time should be eleveted to double the nor- 
mal leve s thea given anticoagulants 
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orally and maintained with them for three 
months. Sixteen of 18 patients so treated 
survived and all patients have remained 
well (Table 2). None of these patients has 
had further pulmonary emboli during a 
one- to six-year follow-up, even though 
vena taval interruption was avoided. 


Laboratory Studies 


Experience in three patients has 
demenstrated the value of CCM in 
propelling a proximal pulmonary ar- 
tery embolus into the distal arterial 
tree, thus allowing some resumption 
of pulmonary blood flow, with a dis- 
tinct improvement in hemodynamics 
and patient recovery without surgery. 

Studies were then undertaken in 
mongrel dogs by the intravenous in- 
jection of thrombi which had been 
rendered radiopaque by incorporating 
tantalum powder particles into them. 

Methods.—Twenty-eight mongrel dogs 
were anesthetized and intubated with pen- 
tobarbital (Nembutal) sodium and curare. 
Autogenous fresh blood had been defi- 
brinated, mixed with fine tantalum powder 
(lu) and clotted in glass tubes by the addi- 
tion of an equal amount of further fresh 
blood. 


These emboli were then injected through 
a large-bore cannula in the iliac vein. Dos- 
age ranged from 5 to 10 ml (0.5 ml/kg of 
body weight) to produce a consistent se- 
vere low-output picture. Sixteen-millime- 
ter cine recordings were made as the em- 
boli traveled up the inferior vena cava to 
pass through the right side of the heart 
and finally lodge in the pulmonary artery 
tree (Fig 3). 

A cardiac catheter, which was placed in 
the right ventricular outflow, recorded 
right ventricular and end-diastolic pres- 
sures throughout the study; another cathe- 
ter was placed retrograde in the abdominal 
aorta in order to monitor systemic arterial 
pressures, and to follow blood gas pres- 
sures. 

Results.—With experimental emboli 
of 0.5 ml/kg of body weight, the ani- 
mals consistently declined to a low 
output picture with rising right ven- 
tricular systolic and end-diastolic 
pressures and falling systemic pres- 
sures. When the animal became mori- 
bund, careful vigorous CCM was un- 
dertaken with simultaneous cine 
recordings of changes in the position, 
shape, and fragmentation of the pul- 
monary emboli (Fig 4). 
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Embolus 


massage. 


In those animals in whom the em- 
boli lodged initially in the main pul- 
monary arteries (ten of 28 animals), 
there was frequent fragmentation 
and migration of the emboli during 
massage, with immediate and sus- 
tained improvement in hemodynam- 
ics (Fig 5). If the emboli lodged ini- 
tially in the more distal branches (18 
of 28), then the response to massage 
was very transient. Blood gas pres- 
sures showed corresponding improve- 
ment after effective massage (Fig 6). 


Comment 


The concurrent evolution of several 
distinct methods of treating massive 
pulmonary embolism suggests that no 
single method is completely satisfac- 
tory. Pisko-Dubienski,* who recently 
reiterated need for the classical 
Trendelenburg operation in patients 
with massive pulmonary embolism, 
believes that 87% of these patients 
will be dead within the first 30 min- 
utes and 46% within the first hour. 
Hence, he believes that if time is 
taken to perform a pulmonary angio- 
gram and set up a pump oxygenator 
for cardiopulmonary bypass, most of 
these patients will be lost. We do not 
agree. Pulmonary embolism is fre- 
quently mismanaged, because the 
correct diagnosis is not made at the 
onset. Accurate diagnosis is essential 
and depends on pulmonary angiogra- 


phy. 


744 Arch Surg/Vol 107, Nov 1973 


Massage 


Fig 5.—Typical experiment (dog experiment 3965) showing sys- 
temic and pulmonary pressures before embolus and after embolus 
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Fig 6.—Preoperative circulatory support via femoral artery and 
vein cannulations under local anesthesia. Vital centers were kept 


viable by CCM until perfusion began. (From Heimbecker®) 


It is certainly archaic to suggest 
that a “magic hour” of survival is nec- 
essary if a patient’s life is to be saved 
by emergency embolectomy.*:"® Noth- 
ing could be further from the truth, 
for the most rewarding patient of all 
is the one whose vital areas are kept 
viable by CCM while PCS is insti- 
tuted under local anesthesia. This 
is then followed by a careful, deliber- 
ate pulmonary angiogram, and subse- 
quent embolectomy, if indicated. Pre- 
operative circulatory support with a 
portable pump-stretcher can usually 
be instituted in a few minutes. Its use 
will allow time necessary for aceurate 
diagnosis. If some other condition, 
such as myocardial infarct, is respon- 
sible for the clinical picture, partial 
cardiopulmonary bypass will prebably 
have been beneficial and certainly 
will not have been harmful. If a mas- 
sive pulmonary embolism is present, 
the patient can be transported to the 
operating room and a definitive oper- 
ation can be carried out under total 
cardiopulmonary bypass. 

The efficacy of partial bypass is il- 
lustrated in Fig 2. The patient was 
sustained with this method ef as- 
sisted circulation for one hour after a 
cardiac arrest occurred. During this 
time, the correct diagnosis was made 
and the patient was successfully oper- 
ated on with an uneventful recovery. 

The effectiveness of CCM in pro- 
pelling proximal emboli more distally 


was observed in three patients,” and 
subsequently confirmed in our dog 
studies. Not only did the hemody- 
namic results improve but the clinical 
picture changed dramatically with a 
corresponding improvement in blood 
gas levels. 

Heparinization may be an impor- 
tant adjunct here, for the prevention 
of propagation of secondary thrombi, 
for the relief of pulmonary artery 
spasm, and perhaps for the anti- 
serotonin effect as these emboli lodge 
in the more distal pulmonary artery 
tree. 

Much more investigation is needed 
to assess the true value of this ap- 
proach. Many cases of unexplained 
cardiac arrest with successful resusci- 
tation could be due to this phenom- 
enon. 

Hospitals which do not have access 
to emergency open-heart surgery 
might find this approach a very re- 
warding, life-saving measure. 

Undoubtedly, many patients who 
die of this catastrophe go to the un- 
dertaker with a misdiagnosis of car- 
diac infarct or stroke. Much more 
clinical acumen and awareness of the 
disease must be present in our hospi- 
tals if an early prompt diagnosis is to 
be made and these rewarding, life- 
saving measures are to be under- 
taken. 

Thrombolysis is a useful adjunct in 
the therapy for pulmonary embolism. 
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“ig 7.—Left, Angiogram at time of embolus, showing massive occlusion of pulmonary arteries to the left 
lumg anc smaller occlusions on the right. Right, Six weeks later, complete resolution with heparin therapy only. 


Streptokinase and urokinase alone or 
in combination with heparin have 
been used with geod results.'?’ Im- 
pacted pulmcnary emboli have also 
been removed dy retrograde injection 
of human “brinolysin into the pulmo- 
nary veins." A fibrinolytic enzyme 
from Aspergillus oryzae (CA-7) has 
been found to lyse clotted fibrin.” 
This enzyme may prove extremely 
useful in the treatment of throm- 
bophlebitis arc pulmonary embolism, 
but it has net yet been fully eval- 
uated. While thrombolytic enzymes 
are promising, they do not replace op- 
erative removal of large clots from 
the pulmonary artery. If a massive 
embolus is obstructing pulmonary ar- 
tery flow and preducing severe right 
ventricular decompensation, embolec- 
tomy shouid be done at once. How- 
ever, patients under vigorous medical 
therapy far less severe emboli may 
well benett from fibrinolytic en- 
zymes. In the present state of our 
knowledge. they are not an alterna- 
tive to hepariz anticoagulation and, 
if they are to be-used, should probably 
be used in eombinatien with heparin. 

Inferior vena caval interruption, 
which was first performed experi- 
mentally by Spencer in 1959,’ has 


1. Cross FS, Mowlem A: Survey of the 
current status of pulmenary embolectomy 
for massive pulmonary embolism. Circula- 
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now become very popular, but is asso- 
ciated with some morbidity with such 
comp ications as leg edema, recurrent 
phlebitis, and recurrent embolism." 
To date, we have rarely found infe- 
rior vena caval interruption neces- 
sary, and will use it only if a patient 
receiving anticoagulants has recur- 
rent pulmonary emboli. 

Allison et al'* believe that, if the 
patient survives, the occluded pulmo- 
nary arteries will eventually recan- 
nulate. This phenomenon is illus- 
trated in Fig 7. In this patient, an 
embolus occluded approximately 50% 
of her pulmonary vascular tree, yet 
six weeks later she had a complete- 
ly normal pulmonary angiogram and 
pulmonary scan, without the oper- 
ative removal of clot. Figure 1 illus- 
trates the opposite situation: this 
patient underwent pulmonary embo- 
lectomy, but six weeks later pulmo- 
nary angiogram and pulmonary scan 
showed that the blood vessels to her 
right upper lobe were still obliterated. 
It has been suggested that all pa- 
tients with significant embolism have 
pulmonary embolectomy to prevent 
subsequent hypertension.'* We do not 
agree. Embolectomy should be done 
only to save life. 
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GILBERT S. CAMPBELL, MD, Little Rock, 
Ark: I will make one observation and ask 
one question. 

We had a man who was admitted to the 
emergency room with a tentative diagnosis 
of massive pulmonary embolism. By the 
time the patient was resuscitated, it was 
obvious that there was central nervous sys- 
tem damage. Nonetheless, we cut down on 
the groin and established partial cardio- 
pulmonary bypass in the emergency room. 
The patient maintained stable vital signs 
but had fixed dilated pupils. We wondered 
what the indication for further treatment 
was. 

We did an emergency EEG. The waves 
were flat, with no activity, so we did not 
pursue further therapy. 

My question relates to a physical sign in 
pulmonary embolism. In 1924 Kirschner (a 


746 Arch Surg/Vol 107, Nov 1973 


in the feasability of pulmonary embolec- 
tomy: A clinico-pathological study of 101 
cases of massive pulmonary embolism. 
Circulation 39:523-530, 1969. 

10. Morrison MCT: Is puimonary embo- 
aaamy obsolete? Br J Dis Chest 57:187, 

11. Heimbecker RO, in discussion of a 
paper by Berger R, read before the annual 
meeting of the Society of Thoracic Sur- 
gery, Houston, 1973. 

12. Sautter RD, et al: Urokinase for the 
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Discussion 


student of Trendelenburg) reported the 
first successful pulmonary embolectomy 
and described “die rote Blutwelle” (the red 
blood wave) in patients with pulmonary 
embolism (Arch Klin Chir 183:312, 1924). 
With a massive embolus that occludes the 
main pulmonary artery, the patient will 
have a cadaveric white color in the face. As 
this clot is broken up, and moves from the 
main pulmonary artery into the peripheral 
pulmonary arteries, there is a surge of 
blood that passes this previously blocked 
area. Kirschner said that then you could 
watch the face of the patient and see this 
sudden surge of redness in the face, the so- 
called red blood wave. 

I have read about this sign for years. I 
have never seen it. But with your very in- 
genious approach, I wondered, Dr. 
Heimbecker, if you had. 


veins: Report of three cases and experi- 
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Dr. HEIMBECKER: Well, in answer to Dr. 
Campbell’s question, first, the central ner- 
vous system damage problem is a very per- 
tinent one, and we have had a similar ex- 
perience. One of our recent patients had 
obvious central nervous system damage 
with the catastrophe. The patient was 
managed successfully without embolec- 
tomy, and this patient actually took about 
three days for the pupils to return to nor- 
mal, and about ten days for the patient to 
become conscious again, with an ultimate 
good recovery. 

Whether the EEG is that reliable I do 
not know. Certainly, we had borderline 
EEG tracings in that patient. 

The red blood wave phenomenon is cer- 
tainly a fascinating one that I had not 
heard of before, and we will watch for it 
very carefully in the future. 
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Femoropopliteal Composite Dacron 


and Autogenous Vein Bypass Grafts 


A Preliminary Report 


Robert R. Linton, MD, LeRoy S. Wirthlin, MD, Boston 


Composite Dacron-autogenous vein grafts 
designed so that the vein portion is placed 
across the knee joint were used in 40 limbs 
to bypass femoropopliteal arteriosclerotic 
obstructions. The five-year accumulative 
patency rate was 53% compared to 72% for 
autogenous vein grafts in a larger series. 
This was superior to Dacron bypass grafting 
alone, femoral endarterectomy, and com- 
posite femoral endarterectomy with short 
distal venous bypass grafts. Important tech- 
nical details are considered. It is our opinion 
that the composite Dacron vein grafts when 
properly constructed and implanted are a 
useful method to restore the arterial circula- 
tion to the lower leg if the saphenous vein is 
too short or not usable for other reasons. 


he reversed autogenous saphe- 
nous vein bypass graft from the 
common femoral to the distal poplit- 
eal artery remains the procedure of 
choice for revascularization of the 
lower extremity with superficial fem- 
oral artery occlusion. The problem of 
a suitable substitute for an inade- 
quate saphenous vein continues to 
plague the vascular surgeon. No other 
arterial substitute remains as flexible 
as the autogenous saphenous vein at 
the knee joint. For this reason, a com- 
posite graft has been developed with 
the use of a Dacron tubular graft for 
the proximal portion and a segment 
of the saphenous, or cephalic vein, to 
traverse the knee joint region so that 
this portion of the graft will blend in 
a gentle curve during 90° genuflexion 
as demonstrated in Fig 1. The follow- 
ing report describes our early experi- 
ence with this type of composite graft 
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Fig 1.—Postoperative angiogram demon- 
strating salvage of distal portion of a previ- 
ously implanted saphenous vein bypass au- 
tograft, which had been occluded for 12 
days, by anastomosing a 6.0-mm, Dacron 
tubular graft to the still patent distal por- 
tion of it and proximally to a previously 


placed iliofemoral Dacron graft. Note 
streamlined, tapered composite anasto- 
mosis and gentle curve of vein graft without 
kinking with 90° genuflexion, 18 months af- 
ter the implantation, and also absence of 
bending and kinking of Dacron graft. 


as a substitute when a saphenous vein 
of sufficient length and caliber is not 
available for the treatment of super- 
ficial femoral artery atherosclerotic 
occlusive disease. These procedures 
were performed at the Massachusetts 
General Hospital during the nine- 
year period from 1963 to 1972. 

Forty procedures were carried out 
in 38 patients; the majority were per- 
formed by the senior author (RRL). 
One half of the composite grafts were 
performed for ischemic ulceration of 
the feet and toes, or for impending 
gangrene; in the remaining half, the 
grafts were carried out for claudica- 
tion. Arteriographic evaluation and 
description of the outflow tract has 
been described earlier.' A good out- 
flow tract with two to three patent 
arteries was found in 22, or 55% of the 


extremities. A poor outflow tract with 
a single patent artery, or an isolated 
popliteal segment, was found in the 
remaining 18, or 45% of cases. Previ- 
ous reconstructive arterial vascular 
surgery had been performed in 21, or 
53% of the limbs; 16, or 40% of the to- 
tal limbs had undergone a previous 
femoropopliteal bypass graft that 
had failed. A composite Dacron ce- 
phalic vein graft was used in three of 
the limbs. 


Technique 


The operative removal and implan- 
tation of a reversed saphenous vein 
bypass graft in the lower extremity 
has been well described and the prin- 
ciples followed in the present report.’ 
A section of a reversed saphenous 
vein, or cephalic vein 4.0 to 6.0 mm in 
diameter and of sufficient length to 
cross the knee joint, was used for the 
distal portion of the graft. The Da- 
cron vein anastomosis was placed to 
lie above the point of knee flexion. 
The distal end of the Dacron graft 
was anastomosed to the venous seg- 
ment by a long end-to-end method 
(Fig 2). The proximal end of the Da- 
cron graft is anastomosed to the com- 
mon femoral artery in most cases, 
sometimes to the external iliac or 
common iliac arteries. The minimal 
outside diameter of the vein should be 
4 mm. A standard-weight knitted 
Dacron prosthesis, 6 mm in diameter, 
has given the best results. Ultra- 
lightweight Dacron and external 
velour Dacron have not been as suc- 
cessful as regular-weight material. 

The flawless construction of the 
anastomosis between the Dacron and 
venous grafts is of utmost impor- 
tance for success. The first step con- 
sists of preclotting the Dacron pros- 
thesis by forcing blood through the 
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Fig 2.—lTecumque fer a long, streamlined Dacron vein anastomosis. A, Wedge-shaped 
section of 6-œm <nittee Dacron graft, 3.0-cm in length, is cut away from distal end with 
scissors, afterpreciotting the graft. B, Longitudinal incision equal in length to Dacron one is 
made in proxmne! end cf venous autograft without cutting off corners. C, Double-needled 
mattress 5-0 symchetic-sutures with straight needles are placed at each end and tied to ap- 
proximate grats Jsually two stay sutures are placed in each side for alignment of tapered 
anastomosis. J), Folyvinyl catheter stent is passed threugh Dacron graft into venous one. 
Over-and-over ty of stitch is used, commencing from each end and tied to the stay su- 
tures. Note ne=cees pass first through Dacron graft them the venous one to avoid the suture 
dragging adventit a into suture line with resulting irregularities of vein. E, Graft is turned 
end-for-end to suture cuter side in a similar manner. This prevents anastomosis from twist- 
ing that occurs if suturing is all done in same direction. F, Completed long, tapered, stream- 
lined, compos te Dacrer vein graft. 


interstices af -ħe graft with the use 


of a large plas-ic syringe. The largest 
polyvinyl cach2cer that the vein will 


accept is used as a stent while con- 
structing th= acrer venous anasto- 
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mosis. It is passed through the Da- 
cron tubing and a short distance into 
the venous segment. An anastomosis 
of 3 to 4 cm long will result in proper 
streamlining of blood flow. Shorter 


anastomoses will produce angulation 
with resultant turbulence. The proper 
composite anastomosis technique is il- 
lustrated in Fig 2. It should be noted 
that a triangular section from the end 
of the Dacron graft is removed. The 
vein is incised a distance equal to the 
length of the section that has been re- 
moved from the prosthesis, and since 
the vein is smaller in diameter, the 
ends are not trimmed. After comple- 
tion of the anastomosis, the long axis 
of the venous graft is marked with a 
fine silk suture placed in the adven- 
titia of it, then removed after the im- 
plantation of the graft and the Da- 
cron portion with a sterile, colored 
pencil. This is to avoid a twist in the 
graft as it is being implanted. The 
distal venous anastomosis to the pop- 
liteal artery is performed in the usual 
end-to-side method.’ It is then pulled 
through tunnels between the heads of 
the gastrocnemius muscle and in the 
thigh beneath the sartorius muscle up 
to the groin incision. Proper tension 
on the graft is extremely critical. Ex- 
cessive tension tends to narrow the 
venous anastomotic ostia with result- 
ing thrombosis of the graft. If the 
graft is too long, buckling of the Da- 
cron segment may occur with result- 
ing failure. It is important that the 
knee be in full extension when the fi- 
nal anastomosis of the Dacron graft 
is made to the common femoral ar- 
tery. It is at this stage of the proce- 
dure that one must make sure of the 
proper tension applied to the graft. If 
an error has been made, the tension 
and length may be altered by the ad- 
dition or removal of a segment in the 
Dacron portion of the composite graft 
with anastomosis of the ends. A 
femoropopliteal composite graft in 
situ is shown in Fig 3. The Dacron 
venous anastomosis should lie in an 
exposed portion of the thigh, as is 
shown, to permit inspection for su- 
ture line leakage and repair if neces- 
sary, and to insure proper alignment 
because the graft is prone to twist at 
this junction. 


Indications for the 
Composite Dacron Venous Graft 


1. The most common indication for 
this type of graft is to restore the ar- 
terial circulation to the lower limb 
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Fig 3.—Bypass femoropopliteal composite graft constructed with a 6.0-mm knitted Da- 
cron tube and a 5.0-mm saphenous vein autograft extend ng from common femoral artery 
to distal popliteal artery. It passes between the medial and lateral heads of the Zastroc- 
nemius muscle and beneath the sartorius muscle. Note composite anastomosis is visible for 
inspection, and venous portion of graft extends across the knee joint. 


when the saphenous vein is not ade- 
quate for a femoropopliteal bypass 
graft to save the limb from an ampu- 
tation because of impending gan- 
grene and in some patients for the 
treatment of intermittent claudica- 
tion. 

2. Composite Dacron venous grafts 
have been used successfully to sal- 
vage an occluded saphenous femoro- 
popliteal graft when thrombosis has 
occurred in its proximal portion, and 
the distal venous segment remains 
patent. In seven patients explored af- 
ter saphenous vein graft occlusion, 
the distal portion of the graft was 
found patent and suitable for a com- 
posite grafting procedure by anasto- 
mosing a Dacron prosthesis to the 
patent distal segment. A postopera- 
tive arteriogram of a salvaged fem- 
oropopliteal reconstruction by com- 
posite grafting three weeks after oc- 
clusion is shown in Fig 1. 

3. Composite grafting is recom- 
mended as the most suitable femoro- 
popliteal reconstruction in the limb 
that has had a previous vascular pro- 
cedure involving the common femoral 
artery performed through an inguinal 
approach such as a failed saphenous 
femoropopliteal graft or a patent 
aortofemoral graft with the iliac limb 
anastomosed to the common femoral 
artery. This is because previous arte- 
rial reconstructions in the inguinal 
area result in a marked fibrosis in the 
femoral triangle. Subsequent scar- 
ring in the reoperated inguinal area 
increases with further grafting pro- 
cedures and has resulted in many fail- 
ures of saphenous bypass grafts, by 
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causing narrowing of the proximal 
portion of the vein graft with result- 
ant thrombosis. A short segment of a 
Dacron prosthesis to bridge the fibrot- 
ic femoral triangle has been found to 
withstand this constricting efect of 
the scar tissue. The saphenous vein of 
the composite graft is placed distally 
in fresh tissue planes where excessive 
scar tissue does not develop because 
this portion of the graft is autoge- 
nous. 


Results 


All patients were examined during 
the postoperative period, and the 
patency of the grafts was determined 
by the presence of the distal pulses, 
oscillometric recordings, and, m some 
patients, by femoral arteriography. 

There were 40 grafting procedures 
performed, of these 25 were success- 
ful, for an overall patency rate of 
63%. In this group of patients, there 
was one hospital death and eight sub- 
sequent deaths during the follow-up 
period; the composite grafts were 
patent to the time of death in all pa- 
tients. The patient who died in the 
immediate postoperative period de- 
veloped multiple arterial embolic epi- 
sodes in association with mitral ste- 
nosis to a number of organs. The 
eight deaths in the postoperative pe- 
riod resulted from complications of 
coronary and cerebrovascular athero- 
sclerotic disease. There were ro graft 
infections; aneurysmal dilation oc- 
curred at the composite anastomosis 
suture line in one patient. This com- 
posite graft was salvaged by implant- 
ing another short segment of a Da- 
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Fig 4.—Composite graft to posterior tibial 
and peroneal arteries in an 81-year-old man 
with diabetes, Kimmelsteil-Wilson disease, 
and an ischemic heel ulcer. Saphenous vein 
is anastomosed to posterior tibial artery; a 
second short venous graft is brought from 
saphenous segment of composite graft that 
is sutured to peroneal artery to provide 
greater outflow for composite graft. Graft 
remained patent for nine months until pa- 
tient died from his basic disease. 


cron tubular graft. 

Of 35 composite grafts carried to 
the distal popliteal artery, 21 have 
been successful for an overall patency 
rate of 60%. In 15, or 43% of this 
group, a composite graft represented 
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Patency Data for Femoropopliteal Composite Dacron and Autogenous Vein Bypass Grafts 











Standard 
No. of No. of Duration Interval Interval Accumulated Error of 
Interval, Gra*ts at Grafts of Failure Patency Patency Patency 
yr Risk Failing Death Follow-Up, yr Rate, % Rate, % Rate, % Rate, % 
0-14 40 7 3 4 19.2 80.8 80.8 6.5 
1⁄-1 26 4 1 1 16.0 84.0 67.9 8.1 
1-2 20 2 3 11.8 88.2 59.9 8.9 
2-3 12 1 5 Tia 88.9 53.3 10.1 
5 0 0 
0 2 
1 
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in the distal arteries by arteriograph- 
ic examination. One of the hospital 
deaths occurred in this group; there 
were two later deaths from associated 
diseases. Of the five in this group, 


or SS i P pee . ae sea four grafting procedures were suc- 
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Fig 5.—A grapt showing cumulative pat- 
ency rates for 20 composite vein grafts 
by the life table method compared to autog- 
enous saphencus vein bypass graft.» 


a second or third revascularization at- 
tempt. Of the neoperated group, nine 
or 60% were suceessful. In 14 patients 
whose composite grafts occluded, 
eight or 57% had feir-to-poor runoff 
vessels. In nine patients whose recon- 
struction failec, indications for sur- 
gery were the preserce of open ulcers 
or for impendirg gangrene. In seven 
of these patieats, the graft func- 
tioned a sufficient length of time to 
heal an open lesion and save the limbs 
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Fig 6.—A graph showing cumulative pat- 
ency rate for autogenous vein grafts, com- 
posite Dacron and vein grafts, prosthesis, 
endarterectomy, and endarterectomy and 
vein patch with short vein grafts.‘ 


from amputation. There were two 
major extremity amputations in this 
group after thrombosis of the recon- 
struction. 

Composite grafting procedures to 
the posterior tibial artery in the lower 
leg were performed in five limbs. This 
was a very high-risk group of pa- 
tients because of serious cardiac and 
metabolic disorders. There was evi- 
dence of severe ischemia in the ex- 
tremities, and extremely poor runoff 


shown in Fig 4. 

The accumulative patency rates for 
composite grafts are shown in the 
Table.? The standard error of accu- 
mulative patency rate was deter- 
mined by computer analysis.’ Figure 
5 shows a comparison of accumulative 
patency rates of saphenous vein 
grafts previously reported with re- 
sults of composite Dacron saphenous 
vein grafts in the present report. The 
five-year accumulative patency rate 
for autogenous saphenous vein fem- 
oropopliteal grafts is 72%, as com- 
pared to 53% for the composite graft. 
The number of grafts in the compos- 
ite group is much smaller than the au- 
togenous saphenous vein grafts as 
they are performed primarily when 
the saphenous vein is unsatisfactory 
for a complete femoropopliteal recon- 
struction. In comparison to the sa- 
phenous vein bypass grafts, there is a 
higher early failure rate in the com- 
posite group primarily because of 
technical problems. Eleven of the 
graft failures occurred within one 
year following the grafting procedure 
(Table). 


Comment 


The poor results of femoropopliteal 
bypass grafting with the use of an 
autogenous vein less than 4 mm in 
diameter has been well documented.’ 
In the past, other methods of recon- 
struction have been attempted when 
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the length of the saphenous vein was 
not adequate, but these alternative 
methods have resulted in a high fail- 
ure rate in our hands. A comparison 
of accumulative patency rates of com- 
posite Dacron autogenous vein grafts 
in this series with those following 
femoral endarterectomy, femoral en- 
darterectomy with vein patching as- 
sociated with a short saphenous vein 
graft across the knee joint, and with 
Dacron prosthesis alone, previously 
reported by Darling and Linton‘ are 
shown in Fig 6. The five-year accu- 
mulative patency rate for the com- 
posite grafts is higher than for these 
other methods in our cases. We have 
had no experience with the modified 
bovine heterograft or the Dacron bo- 
vine composite graft, or the Sparks 
silicone mandril method.'’ Rosenberg 
et al’ have commented on the tend- 
ency of the bovine graft to kink 
across the knee joint with eventual 
thrombosis. The composite Dacron 
autogenous vein graft has been devel- 
oped because of the kinking with late 
occlusion of substitute arterial con- 
duits that occurs with genuflexion of 
90° or less. It is possible to prevent 
this complication with a composite 
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JOHN KESHISHIAN, MD, Washington, DC: 
This has been a very interesting paper. We 
have always looked to Boston for some re- 
ports on what happens when the vessels 
traverse the knee joint. Actually, the main 
problem is to find a graft of suitable length 
and suitable material with adequate flexi- 
bility when you are talking about extend- 
ing a graft below the knee joint. 

Now, as you know, we have championed 
the use of the bovine graft in certain in- 
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graft by placing the distal venous 
portion of the graft across the knee 
joint area and to utilize the Dacron 
graft proximally in the thigh where 
kinking with genuflexion does not oc- 
cur. In the present series, the length 
of the venous segment was unrelated 
to patency when the composite anas- 
tomosis was proximal to the knee 
joint. The cephalic vein has been used 
for composite grafting in three pa- 
tients in whom the saphenous vein 
was absent or of poor quality. A ce- 
phalic vein composite graft is more 
difficult to construct because of the 
fragility of it. There was one failure 
in this group secondary to kinking of 
the long Dacron prosthesis segment. 

Composite synthetic vein grafts 
have been unsatisfactory as reported 
in the past. Dale et al'! reported an 
early failure rate of 88% with a Tef- 
lon-saphenous vein graft. The early 
failure rate may be related to the par- 
ticular end-to-end technique used in 
that series to join the vein with the 
prosthesis. De Laurentis and Fried- 
mann” have commented on the tech- 
nical causes of failure in poorly con- 
structed composite grafts. We have 
determined that unless the Dacron 
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Discussion 


stances. In this particular patient, an el- 
derly gentleman, a Dacron bypass graft 
that had been inserted clotted on three 
separate occasions. He had previously been 
stripped of his saphenous vein. Therefore, 
we resorted to the use of bovime grafts 
down across the knee joint; and as you can 
see, this slide shows the technical gymnas- 
tics we employed. 

You might say, “Who in the world would 
put a graft into that diseased area of ar- 


venous anastomosis is long and very 
carefully constructed, there will be 
angulation at the site of anastomosis 
with turbulent blood flow resulting in 
early thrombosis. It is difficult to ac- 
count for the cause of each graft fail- 
ure in the present series, but it is be- 
lieved most were due to technical 
problems. Inadequate veins of 3.5 mm 
or less were used in two patients. Im- 
proper length of the Dacron segment 
resulted in kinking and thrombosis in 
one patient. Two failures resulted 
from stenosis of the endarterecto- 
mized femoral arteries to which the 
proximal Dacron anastomosis had 
been constructed, a technique that 
has been abandoned.’ 

As no arterial substitute for a fem- 
oral-to-distal popliteal bypass graft 
has proved as satisfactory as a re- 
versed saphenous vein graft across 
the knee joint, it is our opinion that 
the composite Dacron saphenous or 
cephalic vein autograft is a useful 
substitute when a saphenous vein of 
inadequate length or caliber is en- 
countered, or when the saphenous 
vein has been previously removed. 


Jeffrey Raines, PhD, assisted in the statistical 
analysis. 
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tery?” But this arteriogram was made 
three years after the graft had been in- 
serted. This elderly gentleman had initially 
had diabetes, and the arterial disease had 
progressed to what is shown here. Never- 
theless, despite the fact that we tried to 
put another graft lower down in the ar- 
tery, the leg was not salvageable. So three 
years later, going across the knee joint, the 
graft finally clotted. 

Now, what happens to these bovine 
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grafts across the knee joint? Some people 
fear that thay «ink. Well, they don’t really 
kink. They eceerdion a little bit, and if you 
genuflect acately, they will wrinkle up, as 
you will see nm the next slide, but this graft 
has been in olaee across the knee joint for 
three years, ard it’s still working. So al- 
though it sommes bad to say that they kink 
and do all sorts of things, the important 
thing is, do tuese gra“ts function as a blood 
conduit, and «do they clot or do they stay 
patent? 

I wonder Fow many of you have seen an 
arteriogram of a nermal human artery be- 
hind the knæ i acute genuflexion. I chal- 
lenge all of you te do this and look for 
yourself. On oecasien. the “normal” poplit- 
eal artery wil also k-nk or accordion dur- 
ing acute ge auilexion. 

This graft has been in place accordioned, 
as you can see, and has been functioning 
satisfactorily, for three years. 

This is the specimen of the excised com- 
bination gra>t cf that unfortunate gentle- 
man whose grat clotted after several op- 
erative procedures. “he bovine graft is 
seen to your \ef=, and the Dacron graft to 
which we joired it is seen to your right. As 
you can see, the intima of the bovine graft 
is smooth with mo ulcerations or other ap- 
parent defecs. The anastomosis can be 
seen with a goor intima-like covering over 
it. Owing to -he ability of these grafts to 
heal m and be accepted by the body, we 
will use two ər hræ lengths of graft, as 
necessary, to tavers2 long distances or 
even the knæ int. I cannot accurately 
give you our peteney rates at this time 
since we hav2 rot compiled all the data, 
but it approaehes between 50% and 75% of 
all grafts aer»ss the board. 

RALPH A. LETSRLING, Jr, MD, Boston: I 
too would like te congratulate Dr. Linton’s 
group for add ng materially to our fund of 
experience to Gmw on when we get into 
very difficult problems. 
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About 15 years ago in Peer’s Transplan- 
tation of Tissues, we published a report of 
a method similar to that described in which 
we had an arterial homograft on each side 


of a Dacron tube, and at that time we were 


very deeply involved in evaluating the syn- 
thetic materials. There’s no question that 
this type of composite graft can be valu- 
able, but in 15 years I have found only 
three cases in which I clearly felt there 
was a technical advantage or need in using 
it. One of the points that the author made 
was that the synthetic component may be 
a most important aspect of the composite 
graft, and I think this is probably quite 
true. We have seen more and more syn- 
thetic materials being used without the 
strict technical requirements that they call 
for—much greater, I think, than that of the 
vein grafts. We have even seen 5- to 6mm 
grafts used, and surprise expressed when 
they fail. So it seems to me that if the vas- 
cular surgeon is going to go over into the 
use of composite grafts for below-the-knee 
grafting, he should keep in mind that there 
may be problems with various synthetics 
and a need for technical experience with 
them. 

We would agree to the indications that 
were brought up here. Crossing-the-knee 
flexion into a distal artery is certainly an 
area where one would try to have a portion 
of vein graft. We also bring up the point of 
vascular trauma with contamination, since 
in that particular circumstance you would 
want te have some kind of an autogenous 
graft in the field. I very much appreciate 
this paper. 

Dr. LINTON: Dr. Baird, members and 
guests: It is a pleasure to get up before 
this society and try to convince some of the 
doubting surgeons in regard to the effi- 
cacy of this new type of procedure, or one 
perhaps that has been reevaluated. 

A man had had two operative procedures 
performed elsewhere. Both had failed, and 


he came to me with a block in his super- 
ficial femoral and popliteal arteries with a 
very poor distal outflow vessel, but a pat- 
ent posterior tibial artery. Under these 
conditions, since his saphenous vein had 
been used previously, it was necessary to 
construct a composite graft with the use of 
a Dacron tube and a portion of his saph- 
enous vein in the lower leg that had not 
been removed previously. This was done, 
implanting it to the common femoral ar- 
tery proximally and the posterior tibial ar- 
tery distally with the vein portion of the 
graft across the knee joint. 

The methods of making the composite 
anastomoses between the prosthesis and 
the vein graft were described recently in 
the literature. They actually demonstrate 
how not to construct it, because they all 
failed due to the poor angle at the junction 
of the Dacron graft and the vein graft. 

There is a gentle curve of the cephalic 
vein and very little, if any, cul-de-sac of 
the Dacron graft at its distal end in an an- 
giogram of a composite-type graft six 
months after it was implanted. This 
anastomosis was an end-to-side technique 
of the vein graft to the Dacron graft. 

Another advantage of the composite 
Dacron saphenous vein graft is that you 
can implant the Dacron graft more proxi- 
mally if necessary to the common iliac ar- 
tery in order to get a better inflow into it, 
as was done in this case five years ago, 
with salvage of the patient’s limb. 

In conclusion, I would like to thank the 
discussants for their remarks, and would 
like to encourage others to utilize this 
method, because I think if it is done right, 
it will function in the majority of cases. Fi- 
nally, I should point out that this method is 
used only when the autogenous saphenous 
vein alone is not of sufficient length or cali- 
ber or both for a femoropopliteal bypass 
graft. 
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Myocardial Depression 


Following Citrated Blood Transfusion 


An Avoidable Complication 


Norman Cooper, MD; John R. Brazier, MD; Christof Hottenrott, MD; 


Donald G. Mulder, MD; James V. Maloney, Jr., MD; Gerald D. Buckberg, MD, Los Angeles 


Fifteen hypovolemic dogs and 16 hypo- 
volemic patients (following cardiopulmonary 
bypass) were studied, while heparinized 
whole blood and citrated whole blood were 
administered alternately in equal volumes at 
equal rates. Heparinized blood quickly re- 
stored cardiac output and arterial pressure 
with physiologic elevations in left atrial pres- 
sure (LAP) and central venous pressure 
(CVP) while cardiac work showed a normal 
function curve. In contrast, citrated blood, 
administered at the same rate, often failed 
to restore and frequently depressed cardiac 
output and arterial pressure, caused patho- 
logic elevations in LAP and resulted in ab- 
normal (heart failure) function curves. The 
CVP was an unreliable and often misleading 
guide to volume therapy. When citrated 
blood was effective in raising cardiac output 
and arterial pressure, larger volumes were 
required than if noncitrated blood was em- 
ployed. The administration of calcium chlo- 
ride before or after transfusion did not al- 
ways prevent citrate intoxication, although 
simultaneous administration was always ef- 
fective. 


Accepted for publication July 30, 1973. 

From the Division of Thoracic Surgery, UCLA 
Medical Center, Los Angeles. 

Read before the 21st scientific meeting of the 
International Cardiovascular Society, Toronto, 
June 22, 1973. 
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i e principal determinants of 
the maximum rate of transfu- 
sion in treating hemorrhagie shock 
are the availability of blood and the 
number and caliber of administration 
sites. The occurrence of cardiac ar- 
rest, arrhythmia, or further circula- 
tory depression following rapid blood 
transfusion has been attribated to 
various factors, including circulatory 
overload due to excessive transfusion 
rates,' lowered arterial pH,” hyper- 


kalemia,* and induced hypothermia | 


related to bank blood.’ The role of 
myocardial citrate toxicity in causing 
these adverse effects has been re- 
ported frequently®*** but is not gener- 
ally accepted. If it were, appropriate 
amounts of calcium would be admin- 
istered routinely during rapid cit- 
rated blood replacement. 

It is the purpose of this report to 
show that severe and sometimes fatal 
myocardial depression (1) may be 
caused by rapid administration of cit- 
rated blood, (2) is related to both the 
rate of citrated blood infusion and the 
physiologic status of the subject prior 
to blood administration, (3) can some- 
times be reversed by administration 
of calcium, and (4) can always be pre- 
vented by simultaneous adminis- 
tration of calcium during transfusion. 


Experimental Methods 


Fifteen mongrel dogs weighing 20 to 25 
kg were medicated with morphme (2 mg/ 


kg) and anesthetized with chloralose (60 
mg/kg). A cuffed endotracheal tube was 
passed and ventilation with room air main- 
tained through a volume-controlled res- 
pirator. Through a left thoracotomy, sili- 
cone elastomer catheters, were placed into 
the left atrium, right atrium, and subcla- 
vian arteries; these were connected to a 
transducer and pressures recorded on a 
multi-channel recorder. Electromagnetic 
flowmeter transducers were placed about 
the pulmonary artery and connected to a 
electromagnetic flowmeter. Cardiac output 
was determined from the pulmonary ar- 
tery flow measurement. Zero flow was de- 
termined from the pulmonary artery dias- 
tolic flow signal. 

After a 30-minute control period, the ar- 
terial blood pressure was lowered to 50 mm 
Hg over 15 minutes by withdrawing arte- 
rial blood into standard vacuum blood col- 
lection units containing either anti- 
coagulant acid citrate dextrose (ACD) 
solution (each 100 ml of ACD solution con- 
tains 1.47 gm hydrous dextrose, 1.382 gm 
hydrous sodium citrate, 440 mg anhydrous 
citric acid), or a similar bottle containing 
25,000 units heparin sodium. 

Blood pressure was maintained at 50 
mm Hg for 15 minutes prior to reinfusion 
of shed blood. This procedure was repeated 
on several occasions in each dog. 

Reinfusion.—Heparinized blood was re- 
placed at 150 ml/min (6 to 9 ml/kg). The 
ACD blood was reinfused at the following 
rates: (1) 50 ml/min (2 to 3 ml/kg), (2) 100 
ml/min (4 to 6 ml/kg), (3) 150 ml/min (6 to 
9 ml/kg). 

A similar procedure was followed in 5 
dogs made hypoxic by reducing ventilation 
to five breaths/minute (pH 7.18 + .05, arte- 
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Fig 1.—Mean percent change in cardiac output relative to blood 
volume æplacerment. Note progressive augmentation of cardiac out- 
put withħheparir ized blood transfusion and failure of cardiac output 
to returm to control values following ACD transfusion (transfusion 


rate, 15@ cc/man). 


rial oxygen sataration 68% + 5%). 

Calcium Admimistration.—Following com- 
pletion c the reinfusson of shed blood con- 
taining ACD solution, we administered 
10% calemmm chieride at a rate of 1 ml/min/ 
100 ml o” citrated blood reinfused. In nine 
experiments, 10 caleium chloride was in- 
fused at a rate of 1 ml/100 ml of ACD 
blood/mmute through a separate infusion 
site simultaneoms with the administration 
of shed lood. Transfusion of ACD blood 
with simultanecus ca-cium administration 
was always performed following trans- 
fusion wth AC) alone. 

Myocardial Performance.—Left ventricu- 
lar functson cues were inscribed by relat- 
ing left wentricclar stroke work to a mean 
left atria pressure. Stroke work was calcu- 
lated froma praduct cf cardiac output and 
aortic-right atrzal pressure difference. 

Clinica) Metheais.—S_xteen adult patients 
were studied folowing completion of cor- 
rection o- intracardiac lesions using cardi- 
opulmonery bypass. Arterial blood pres- 
sure was recorded from the radial artery 
and left ¿trial pressure measured directly 
from a catheter placed into the left atrium. 
In six patients, cardiace output was 
recorded from an eectromagnetic flow 
transducer (25 to 40 mm diameter) placed 
around the ascemding aorta. 

Cardiopulmonary bypass was discontin- 
ued in t= customary manner. Blood vol- 
ume was then restored to nermal esti- 
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mated on the basis of clinical and 
hemodynamic observations. For the pur- 
poses øf this study both citrated and hepa- 
rinized blood were employed. Base deficits, 
when present, were corrected with sodium 
bicarbonate. Protamine sulfate was not 
given until the protocol was completed. 

Blood Transfusions.—1. ACD blood (one to 
four days old) was warmed and adminis- 
tered at 150 ml/min for three minutes. All 
ACD transfusions were preceded by ad- 
ministration of 3 ml of 10% calcium chlo- 
ride over one minute. The purpose of this 
calcium infusion was to eliminate the pos- 
sibility that a positive inotropic effect of 
calcium ion on a depressed myocardium 
would eause misinterpretation of the cit- 
rate experiment. Each transfusion was be- 
gun two to three minutes following admin- 
istration of calcium. 

2. Heparinized blood (from the pump 
oxygenator) was intravenously adminis- 
tered at 150 ml/min for three minutes 
(blood for use in the extracorporeal circuit 
was converted by adding 25 mg of heparin 
sodium and 6 ml of 10% calcium chloride 
per unit of ACD blood). 

3. Transfusion was discontinued if left 
atrial pressure exceeded 30 mm Hg. 


Experimental Results 


The baseline blood pressure (50 mm 
Hg) and depression of cardiac work 
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Fig 2.—Mean aortic blood pressure relative to percent of shed 
blood replaced. Note pressures achieved during ACD transfusion 
are lower than those achieved with heparinized blood at similar 
transfusion rates (150 cc/min) (heparin, N = 7; ACD, N = 9). 


following hemorrhage was similar in 
all dogs receiving heparinized and cit- 
rated blood in the reinfusion period. 


Cardiac Output 
and Blood Pressure Response 
to Volume Replacement 


Figure 1 shows that cardiac output 
returned to normal levels after ap- 
proximately 60% of shed heparinized 
blood was replaced (150 ml/min). Car- 
diac output increased to 35% above 
control levels (P<.01) during the last 
phase of transfusion and returned to 
control levels following the comple- — 
tion of volume replacement. 

In the studies with ACD blood (150 
ml/min reinfusion rate), cardiac out- 
put rose during the early phase of vol- 
ume replacement (P<.01) but fell as 
the reinfusion was continued. Cardiac 
output remained 70% below control 
levels (P<.01) after replacement of 
100% of the blood volume. 

Cardiac output determinations 
were frequently not available during 
rapid blood infusion, but inferences 
about it were made from arterial 
blood pressure and the adequacy of 
volume replacement (assessed from 
cardiac filling pressures). 


Myocardial Depression/Cooper et al 757 


257 HEPARINIZED BLOOD* 


CARDIAC FILLING PRESSURE (mmHg) 


O 20 40 60 
% BLOOD REPLACED 





CARDIAC FILLING PRESSURE (mmHg) 


80 ‘00 O 


X 150 cc/min 





% BLOOD REPLACED 


25 A.C. D. BLOOD” 


LAP 


100 


" 150 cc/min 


20 40 60 80 


Fig 3.—Relationship between volume replacement and cardiac fill- 
ing pressure. Left, With heparinized blood, both left atrial oressure 
(LAP) and right atrial pressure (RAP) increased progressively with 
infusion but remained within physiologic range. Right, With ACD 


Figure 2 shows that mean systemic 
blood pressure exceeded 100 mm Hg 


150 


blood, both left- and right-sided pressures showed more marked 
rise. Right atrial pressure remains within narmal range while left 
atrial pressure rapidly approaches abnormal values. 


j “ HEPARIN* 


when 58% of shed volume was re- 
placed with heparinized blood, and 
reached 124 mm Hg following resto- 
ration of 80% of the shed volume. 
Conversely, with citrated blood trans- 
fusions, systemic arterial blood pres- 
sure did not reach 100 mm Hg despite 
replacement of the total shed volume. 
Data from the four dogs who sus- 
tained cardiac arrest during ACD re- 
placement are excluded; inclusion of 
these data points would exaggerate 
the blood pressure depression. 
Figure 3 shows the effect of these 
different forms of volume replace- 
ment of the filling characteristics of 
the left and right ventricles. With 
heparinized blood replacement (150 
ml/min), left and right atrial pres- 
sures rose at similar rates (Fig 3, 
left). At the end of the reinfusion pe- 
riod, left atrial pressure was 10 Ł 3 
mm Hg SE, and right atrial pressure 
was 5+2 mm Hg SE. With citrated 
blood transfusion (Fig 3, right), left 
atrial pressure rose more rapidly than 
did right atrial pressure. Whereas the 
central venous pressure increased sig- 
nificantly to 9 mm Hg (P<.01), it did 
not exceed 16 mm Hg in any experi- 
ment. Conversely, there was consid- 
erable variability in the left atrial 
pressure at the end of transfusion 
(range, 16 to 37 mm Hg). It was nec- 
essary, in three dogs, to discontinue 
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Fig 4.—ACD and heparinized blood were administered at comparable rates (150 cc/min). 
With ACD blood transfusion, cardiac work fails to return to control values, while left atrial 
pressure rises significantly (heparin, N = 7; ACD, N = 9). 


the transfusion before all blood was 
replaced because of excessive incre- 
ments of left atrial pressure (above 25 
mm Hg). 

Effects of Heparin vs Citrated Blood 
on Ventricular Function.—Figure 4 
shows the pooled data when shed 
blood is replaced at an infusion rate 
of 150 ml/min. Transfusion of hepa- 
rinized blood at this rate significantly 
augmented cardiac performance and 
resulted in a level of cardiac work 
which was 35% (P<.01) above control 
values while left atrial pressure in- 


creased only to 9 mm Hg. Conversely, 
administration of citrated blood at 
comparable infusion rates resulted in 
a significant depression of the ven- 
tricular function curve. At the com- 
pletion of transfusion, cardiac work 
was still 77% (P<.01) below control 
levels and left atrial pressure rose to 
19 mm Hg (P<.01). These values 
were significantly above those 
achieved with heparinized blood 
(P<.01). Four of nine dogs sustained 
cardiac arrest when shed blood was 
reinfused at these rapid rates. 
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Fig 5.—Left, Effects of transfusion rate on ventricular function 
with ACD and heparinized blood. Ventricular function curve is de- 
pressed when CD blood is administered more slowly than heparin- 
ized blood (1090 ce/min vs 150 cc/min) (heparin, N = 7; ACD, 
N = 9) Right, Effects of hypoxia and acidosis during ACD transfu- 
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Fig 6.—Effec-s o` calcium (10% CaCl, 1 ml/100 ml of ACD blood 
per minute) fe lowing citrated transfusion. Note calcium adminis- 
tration restores depressed ventricular function towards normal. 
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sion. Note significant depression of ventricular function when ACD 
blood is given in dogs with arterial pH of 7.1 (arterial saturation, 
60%; heparin 150 cc/min, N = 7; ACD 50 cc/min pH 7.1, N = 5; 
ACD 150 cc/min pH 7.4, N = 9). LAP indicates left atrial pressure. 
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Fig 7.—Effects of calcium infusion (10% CaCl, 100 mg/100 ml ` 
ACD blood per minute) simultaneous with citrated blood transfu- 
sion. Cardiac work is comparably restored to control values with 
both heparinized and ACD blood when calcium is infused simultane- 
ously with citrated transfusion. (Calcium administered through an- 
other infusion site.) 


Effects of -nfusion Rate.—Figure 5, 
left, compares the effects of restoring 
shed volume at rates varying from 
100 to 150 ml/m:n. The ventricular 
function curves following replace- 
ment of ACD stored blood at 100 
ml/min were significantly depressed 
(P<.01) compared to those curves in- 
scribed following transfusion of hepa- 
rinizec blood at a more rapid rate (150 
ml/min). Upon completion of ACD 
bloed transfasien, cardiac work was 
still slightly below control levels; 
simultaneously, left atrial pressure 


was significantzy higher than that 
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seen when higher cardiac workloads 
were achieved with administration of 
heparinized blood at more rapid infu- 
sion rates. The degree of depression 
of ventricular function curves follow- 
ing transfusion at 100 ml/min was, 
however, significantly less than that 
seen when citrated blood was admin- 
istered at 150 ml/min. 

Effect of Preexisting Acidosis and 
Hypexia.—F igure 5, right, shows that 
ventricular function curves were de- 
pressed to an even greater extent 
wher citrated blood was reinfused at 
50 ml/min in hypoxic, acidotic dogs 


(pH 7.13+ .05 SE, arterial oxygen 
saturation 68 Ł5% SE) than with 
infusion rates of heparinized blood 
(150 ml/min) in dogs with normal pH 
(7.43 + .01 SE) and arterial oxygen 
saturation (96 +4% SE). Cardiac 
work remained 30% below control val- 
ues at the completion of restoration 
of shed volume in hypoxic dogs who 
were reinfused at 50 ml/min (P<.01). 
Conversely, cardiac work was re- 
stored almost to control values in the 
nonhypoxic dogs with infusion rates 
of 100 ml/min (Fig 5, left). This level 
of postreinfusion cardiac work was, 


Myocardial Depression/Cooper et al 759 


140 







120 © Heparin 
e ACD 150 cc/min 
100 
80 20 
atin ERS 


aaa eee idles PRESSURE 
bie 


PRESSURE, mmHg 





O 20 40 60 -80 100 
% BLOOD TRANSFUSED 


Fig 8.—Changes in blood pressure (left) and cardiac work (right) 
following ACD and heparinized blood transfusion after mitral and 
tricuspid valve replacement. Left, Note similarity of response with 
experimental studies (see Fig 2 and 6). Right, Left atrial pressure is 
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however, achieved at a significantly 
increased left atrial filling pressure 
(21 mm Hg, range 16 to 31 mm Hg). 
Effects of Calcium Administration Af- 
ter Transfusion.—1. Calcium chloride 
(10%) was administered at 1 ml/min 
for four minutes following restora- 
tion of shed volume with heparinized 
blood (150 ml/min). This calcium infu- 
sion had no significant effect on 
stroke work and left atrial pressure. 
2. ACD blood: After reinfusion (150 
ml/min) of shed blood collected in 
ACD solution, 10% calcium chloride 
was infused at a rate of 1.0 ml/100 
ml/min for four minutes. This infu- 
sion restored aortic blood pressure 
and cardiac output toward normal in 
each instance (Fig 6). Calcium infu- 
sion caused an 80% increase in cardiac 
work and lowered mean left atrial 
pressure from 19 mm Hg to 9 mm Hg 
(P<.001). In four dogs, however, the 
calcium was given while the heart 
was being manually massaged, be- 
cause they sustained cardiac arrest 
during ACD blood transfusion. 
Simultaneous Calcium Infusion.—In 
ten dogs receiving citrated blood at 
infusion rates of 150 ml/min, we in- 
fused 10% CaCl, at a rate of 1 ml/100 
ml of citrated blood per minute 
through a separate infusion site. Fig- 
ure 7 shows that this resulted in ven- 
tricular function curves which were 
not significantly different from those 
achieved with heparinized blood 
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formance seen when ACD blood was 
transfused at the same rate without 
simultaneous calcium administration 
was avoided. 


Clinical Results 


The changes in arterial, left atrial, 
and right atrial blood pressure and 
cardiac output are shown in the 
Table. In contrast to the experimen- 
tal studies, there was considerable 
variability in the control hemodyna- 
mic measurements. Consequently, 
there was more variability in the re- 
sponse to ACD and heparinized blood 
transfusion. There were, however, 
distinct patterns of response which 
were comparable to those seen experi- 
mentally. 

Calcium Administration.—Adminis- 


4 6 ji '0 12 tration of 2 to 3 ml of 10% calcium 
LEFT eeu chloride prior to bloed transfusion did 


Fig 9.—Changes in cardiac work following 
repair of ostium primum defect. Note aug- 
mentation of cardiac work with bot ACD 
and heparinized blood transfusion. Left 
atrial pressure was only 7 mm Hg follow- 
ing discontiruation of bypass. This heart did 
not undergo ischemic arrest at anw time 
during intracardiac repair. 


transfusion at comparable infusion 
rates (P>.5). Cardiac work increased 
to 25% above control values (P<.05) 
and left atrial pressure remained 
within the normal range. The signifi- 
cant depression of ventricular per- 


not significantly change arterial 
blood pressure, cardiac output, or car- 
diac filling pressure in any patient. 
ACD vs Heparinized Blood.—Cit- 
rated transfusion did not change the 
mean arterial blood pressure signifi- 
cantly. There was a marked vari- 
ability in response to citrated trans- 
fusion. In nine patients, arterial 
blood pressure fell; in five patients, 
there was no change; and in two oth- 
ers, blood pressure rose. Conversely, 
mean arterial blood pressure in- 
creased from 97 to 100 mm Hg follow- 
ing heparinized blood transfusion. 
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This incremert was not significant, as 
arterial blood pressure rose in nine 
patients and was unchanged in seven 
others. There was, however, no in- 
stance of a reductien in arterial blood 
pressure following heparinized blood 
transfusion. 

Central wenous pressure did not 
change significant y following either 
type of trans<usion. Left atrial pres- 
sure did, however, increase from 13 to 
19 mm Hg Sllowing ACD transfu- 
sion (P<.01) jut increased to only 16 
mm Hg whee heparinized blood was 
replaced (P05). In three patients, 
we had to diseontinue the ACD trans- 
fusion after two minutes when left 
atrial pressumes exceeded 30 mm Hg. 
In none of these patients did central 
venous pressire exceed 18 mm Hg. 

Cardiac fuiction was recorded in 
the six patierts in whom cardiac out- 
put determinations were made. As in 
the experimental studies, changes in 
cardiac outprt were more significant 
than changes in blood pressure. In 
five patients receiving citrated blood, 
there was a Significant fall in cardiac 
output while arterial blood pressure 
remained stable and left atrial pres- 
sure increasad. This indicated a sig- 
nificant depression in ventricular 
performanee and is shown in Fig 8. 
Conversely, cardiac output either re- 
mained stabl or increased following 
the infusion of heparinized blood in 
all patients. In ane patient (Fig 9) in 
whom an ostium primum defect was 
repaired and who had no myocardial 
hypoxia, ACD btood transfusion pro- 
duced a marized augmentation of ven- 
tricular perfcrmance and heparinized 
blood transfrsion continued this aug- 
mented periormence on the same 
ventricular fanction curve. 

Effects of Calctum.—Calcium admin- 
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istration following ACD depression 
of ventricular function caused a 4.5 
mm Hg reduction in left atrial pres- 
sure (P<.01), a 15 mm Hg increase in 
arterial pressure (P< .01) and raised 
cardiac output (Fig 8). This is in 
sharp contrast to the insignificant ef- 
fects of calcium when administered 
without prior transfusion of ACD 
blood. 


Comment 


ACD solution, used as a blood pre- 
servative, removes ionized calcium 
from plasma and thereby prevents 
clotting. Of necessity, the preserva- 
tion solution contains excess citrate 
to insure chelation of all calcium in 
the shed blood. When the blood is 
transfused the excess citrate chelates 
calcium and thereby lowers the io- 
nized calcium concentration in the 
blood of the recipient. The magnitude 
of depression of ionized calcium con- 
centration will depend upon the bal- 
ance existing between the rate of cit- 
rate administration, its degradation, 
and how rapidly stores of peripheral 
calcium can be mobilized. 

Since ionized calcium is a critical el- 
ement in the electromechanical cou- 
pling in the myocardial cell, it is not 
surprising that cardiac depression 
can be produced by exposing the 
heart to a sudden excess of citrate. 

Our findings support the observa- 
tions’**'°?"> that myocardial depres- 
sion occurs when hypovolemia is 
treated by rapidly replacing blood 
volume with blood stored in acid cit- 
rate solution. While the occurrence of 
myocardial citrate toxicity following 
transfusion has been reported fre- 
quently, circulatory depression is 
often attributed to (1) excessive 
transfusion rates causing circulatory 


overload, (2) induced hypothermia ` 
caused by transfusion of cold stored 

blood, (3) decreased arterial pH from 

prolonged storage of blood, and (4) 

hyperkalemia due to the efflux of po- 

tassium from red cells during storage, 

as well as (5) chelation of ionized cal- 

cium by citrate. 

It is clear from our study that cir- 
culatory depression is not due to the 
rapid transfusion rate alone, since 
augmented ventricular performance 
followed reinfusion of heparinized 
blood at the same rates that caused 
myocardial depression when citrate 
infusions were employed. Although 
the effects of temperature, pH, and 
potassium were not studied indepen- 
dently, we used fresh blood in our ex- 
perimental studies so that the prob- 
lems related to hyperkalemia and 
acidosis caused by prolonged storage 
were avoided; the blood was returned 
at body temperature so that induced 
hypothermia was prevented. The 
blood used in the clinical studies was 
less than four days old, so hyper- 
kalemia was not a factor. 

The rate of transfusion of citrated 
blood required to produce significant 
depression of cardiac function (dogs) 
varied from 50 to 150 ml/min (2 to 9 
ml/kg/min). This would be similar to 
administering 1 unit of blood in 2 to 5 
minutes to a 70-kg patient. While it 
may be argued that this rate of infu- 
sion is seldom achieved in clinical 
practice, the principal limitations to 
transfusing at these rates in patients 
with severe hemorrhagic shock are 
the number and caliber of infusion 
sites available. Comparable rates can 
be achieved easily when large-bore 
tubing is placed within the venous 
system. 

Our studies show that the degree of 
citrate depression of the myocardium 
is related both to the rapidity of infu- 
sion and the physiologic status of the 
subject at the time of infusion (Fig 
3). Dogs who were made hypoxic and 
acidotic prior to reinfusion of citrated 
blood showed more profound deteri- 
oration of left ventricular function 
than dogs with normal blood gas 
status at comparable infusion rates. 
Hypoxia may have been the principal 
factor, since the calcium binding ef- 
fects of citrate are less with acidosis. 
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Perhaps, in the clinical situation, pa- 
tients with acidosis and hypoxia (who 
require more rapid infusion rates) 
may be more vulnerable to citrate in- 
toxication. 

Evidence in support of this hypoth- 
esis could be found in our clinical 
studies. Transfusion of citrated blood 
at 150 ml/min caused more severe 
myocardial depression in patients in 
whom anoxic cardiac arrest was re- 
quired in order to achieve intracar- 
diac repair. The depressed myocardial 
function was even more severe when 
left atrial pressure exceeded 15 mm 
Hg at the onset of transfusion. Their 
lower arterial blood pressures and rel- 
atively high left atrial pressures indi- 
cate that some element of depressed 
myocardial function was already 
present prior to transfusion. The fail- 
ure to augment cardiac performance, 
and the depression of myocardial 
function following blood volume re- 
placement in patients with elevated 
left atrial pressure has also been re- 
ported by Kouchoukas et al. They 
did not, however, indicate whether 
they administered citrated blood. 

Significant augmentation of ven- 
tricular performance was seen in only 
one patient following citrated blood 
transfusion. His heart was allowed to 
beat during surgery and did no exter- 
nal work during the entire procedure 
and was, therefore, optimally pre- 
served. His left atrial pressure during 
intracardiac repair was only 7 mm Hg 
when bypass was discontinued. It is 
possible that more rapid transfusion 
may have been necessary in order to 
produce myocardial depression in this 
heart. It is rare, however, that we are 
called upon to replace blood rapidly 
in patients who have not undergone 
some degree of circulatory depression 
and shock. Perhaps the patient who 
has sustained some hypoxic injury 
during cardiopulmonary bypass is 
more similar to those with extensive 
injuries (civilian and military) requir- 
ing rapid blood transfusion. 

The degree of circulatory depres- 
sion was most clearly reflected by 
changes in cardiac output and left 
atrial pressure. In clinical practice, 
however, the adequacy of transfusion 
is usually assessed by monitoring ar- 
terial blood pressure and central 
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venous pressure. These studies show 
that arterial blood pressure may not 
accurately reflect reduction in cardiac 
output, because it is maintained by 
peripheral vasoconstriction. Our find- 
ings also demonstrate that central 
venous pressure may be a misleading 
guide to volume replacement, as left 
atrial pressure exceeded 25 mm Hg 
while central venous pressure was 
within normal range (below 12 mm 
Hg). Pulmonary . capillary wedge 
pressure would be a more reliable 
guide to rapid blood volume replace- 
ment.” 

Although calcium chloride adminis- 
tration following blood reinfusion 
frequently restored myocardial func- 
tion toward normal in these studies, 
it should be emphasized that four of 
nine dogs received the calcium while 
the heart was manually massaged be- 
cause of citrate-induced cardiac ar- 
rest. Pretreatment with calcium 
chloride before transfusion may theo- 
retically prevent citrate intoxication, 
but this approach would introduce the 
possible danger of inducing hyper- 
calcemia by raising serum ion- 
ized calcium levels. 

Although total serum calcium rises 
during simultaneous calcium and 
ACD blood transfusion, ionized cal- 
cium levels remain constant when ap- 
propriate amounts of calcium chloride 
are given to neutralize the calcium- 
binding effects of ACD solution." Our 
findings support the reports of oth- 
ers™™!8 that citrated blood can be ad- 
ministered as rapidly and safely as 
heparinized blood when the depres- 
sive effects of citrate are negated by 
the simultaneous administration of 
10% calcium chloride (1.0 ml/109 ml of 
ACD blood per minute). It appears 
that this may be necessary only when 
blood is transfused rapidly, as slower 
rates of infusion seem to allow suff- 
cient time for mobilization of stores 
of peripheral calcium to counteract 
the citrate binding of this ion. Recent 
reports of citrate toxicity’® with slow 
infusion rates (1 unit/hr) in experi- 
mentally transplanted hearts (which 
are denervated) suggest that these 
effects may be more severe in cardiac 
patients who have received f-ad- 
renergic blocking agents. 

Due to the known effects of ACD 


solution on 2,3-diphosphoglyceride, 
citrate phosphate dextrose (CPD) is 
being used increasingly as a blood 
preservative.” The effect of CPD 
blood on myocardial performanee re- 
mains to be determined. 

The reluctance of physicians to ac- 
cept the reality of citrate intoxication 
is attributable to the fact that only 
rarely in clinical practice is it the only 
factor in a patient’s death. When a 
patient has died under circumstances 
requiring very rapid transfusion, the 
untoward outcome can be attributed 
to concomitant problems. 


Conclusion 


In animals and man heparinized 
blood augments cardiac performance 
at all reinfusion rates; citrated blood 
transfusions cause circulatory de- 
pression. This depression is most se- 
vere with rapid rates of transfusion 
and is accentuated when hypoxia and 
acidosis are present. The magnitude 
of citrate depression and adequacy of 
volume replacement cannot be as- 
sessed accurately by measurements 
of central venous pressure and are re- 
flected most clearly with left atrial 
pressure measurements. Depressed 
myocardial function can be restored 
toward normal by administering cal- 
cium chloride, 100 mg/100 ml citrated 
blood, and is avoided completely by 
administering calcium simultaneous- 
ly with the citrated blood transfusion. 
The simultaneous administration of 
calcium chloride is essential only with 
very rapid rates of citrated blood 
transfusion (2 to 3 ml/kg/min). 


This investigation was supported by grants-in- 
aid from the Wilbur May Foundation, the Gil- 
more Foundation, and the US Public Health Ser- 
vice. 
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Discussion 


Dr. BUCKBERG: I’d like to thank Dr. Ken- 
nedy for his comment. His point about 2,3- 
DPG is an important one. I am not sure, 
however, that changes in 2,3-DPG entered 
into our experimental or clinical studies. 
The experimental studies were performed 
with the animals’ own fresh blood, and the 
clinical studies were performed with blood 
that was between one and four days old. 
As I understand, levels of 2,3-DPG do not 
fall until about the fourth or fifth day after 
blood is collected. 

We are now collecting bank blood with 
citrate phosphate dextrose (CPD) which al- 
lows preservation of 2,3-DPG for a longer 
time. We have not studied the effects of 
CPD-collected blood on the heart. It is con- 
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ceivable that these depressive effects may 
not occur with a different type of blood col- 
lection system. 

Recent reports on experimental cardiac 
transplantation has shown that cardiac ar- 
rest and depression occur following slow 
administration of citrated blood to trans- 
plant recipients. These animals, of course, 
had denervated hearts. The clinical corre- 
late of this is the patient who has received 
beta adrenergic blocking agents. It is, 
therefore, conceivable that some of these 
depressive effects may be more severe in 
patients who have received propranolol hy- 
drochloride. 
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Origin of Downstream Flow 
in Nonobstructed Coronary Arteries 


Influence of Bypass Grafts 


John B. Overton, MD; James C. Smith, MD; Stephen B. Robel, MS; 
Merrill P. Spencer, MD; Peter B. Mansfield, MD; Lester R. Sauvage, MD, Seattle 


Various sizes of veins and internal tho- 
racic arteries were grafted into unobstructed 
circumflex coronary arteries in 28 dogs. 
Grafts did not increase total flow to the dis- 
tal bed. Flow percentage originating from 
the graft was compared to the ratio of cross- 
sectional areas of graft to coronary artery. 
Results were compared to a theoretical 
model of the bypass system. With cross-sec- 
tional ratios of 1.2:1 and 1.5:1, the graft 
captured 70% and 85%, respectively, of dis- 
tal flow; at 1:1 50% and 0.5:1, only 20%. 
With the coronary artery temporarily oc- 
cluded, even 0.5:1 grafts handled the basal 
flow. However, flows two to four times the 
basal level were carried fully only by grafts 
of 1.2:1 or greater; smaller grafts carried 
less—up to 30% reduction at 0.5:1. Length 
of graft, as well as shape (tapered or not), is 
considered in applying ratios. 


his study, performed both in 
vivo and in vitro, was designed 
to assess the relative quantity of 
blood flow through the vessels in- 
volved in coronary bypass surgery: 
vein grafts, artery grafts, and the 
coronary arteries themselves. The 
purpose was to establish the relation- 
ship between the graft to coronary 
cross-sectional area ratio and the per- 
centage of distal flow contributed by 
the bypass graft. 


Materials and Methods 


These experiments were performed in 
healthy dogs of different species weighing 
from 20 to 40 kg, the majority between 
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25 and 30 kg. An autogenous vein was 
taken from the foreleg of 20 animals and 
used as a free graft from the side of the 
upper descending thoracic aorta to the side 
of the circumflex coronary artery ‘Fig 1). 
The internal thoracic artery was employed 
as a uniterminal autograft and anasto- 
mosed in similar end-to-side manner to the 
circumflex coronary in eight dogs (Fig 2). 
The length of the coronary proximal to the 
graft-coronary anastomosis varied from 2 
to 3 em (ie, distance to origin of left main 
coronary at the aorta). The vein grafts 
averaged 7 cm in length, while the artery 
grafts averaged 12 cm in length. 

The dogs were anesthetized with pento- 
barbital (Nembutal) sodium; moderate to- 
tal body hypothermia (30 to 32 C) was then 
induced by immersing the animals in cold 
running tap water for a few minutes. Sur- 
gical exposure was obtained through the 
left fifth interspace. With vein grafts, the 
aortic anastomosis was done first and the 
coronary anastomosis second. With the ar- 
tery grafts, the internal thoracic artery 
was freed from the anterior chest wall 
back to its origin from the left brachial ar- 
tery, divided distally, and swung down to 
join the circumflex coronary in a manner 
similar to the vein grafts. 

The circumflex coronary was eccluded 
during anastomosis; in the majerity of 
cases, the heart fibrillated and was resusci- 
tated after completion of anastomesis. We 
would like to emphasize that the proximal 
coronary in these experiments was not 
constricted in any way, in contrast to our 
work in 1961,' in which the proximal cir- 
cumflex was ligated after graft placement. 

The diameters of the proximal circum- 
flex and of the graft were measured about 
an hour after the graft had been inserted, 
when the heart was no longer distended 
and the blood pressure was stable. In those 
cases in which fibrillation had eccurred 
(the majority), the arterial pressure tended 
to be lower after stabilization, averaging a 
mean of 70 to 80 mm Hg as compared to a 
mean of 100 to 110 mm Hg before insertion 
of the graft. Occasionally, a slow intra- 
venous drip of epinephrine was required to 
maintain an adequate pressure. 


The vessel diameters were measured 
with calipers to tenths of a millimeter. The 
external diameter of the proximal circum- 
flex was measured 5 mm proximal to the 
anastomosis. The external diameter of the 
vein grafts was measured at the proximal, 
mid, and distal points, and the smallest 
measurement used to compute the graft/ 
coronary cross-sectional area ratio of the 
experiment. 

The distal coronary flow and the respec- 
tive contributions to this flow of the proxi- 
mal coronary and the graft were then mea- 
sured with the 500 hertz square wave 
electromagnetic flowmeter in 27 experi- 
ments. In 13 of these experiments, the de- 
mands of the distal bed were then in- 
creased, in ten by epinephrine stimulation 
and in three by papaverine hydrochloride. 
The epinephrine was administered by an 
intravenous infusion (1 mg in 1:1,000 ml of 
Ringer lactate) to inotropically stimulate 
the heart, with associated increased flow, 
elevating the blood pressure to a mean 
ranging from 130 to 190 mm Hg, aver- 
aging 150 mm Hg. The papaverine hydro- 
chloride, 0.3 to 0.4 mg, was injected into 
the distal circumflex circulation. With ei- 
ther method, the coronary flow increased 
from two to four times that of the quies- 
cent state. (In this increased flow state, the 
actual flows were frem 120 to 400+ ml/ 
min.) At this time, the ability of either 
the proximal circumflex or the graft alone 
to meet the increased flow requirements of 
the distal bed was assessed by temporarily 
occluding the inflow source not being mea- 
sured. 


Theoretical Analysis 


For purposes of analysis and com- 
parison, a theoretical investigation 
was made of the flow system under in 
vivo study. The analysis was based on 
the model shown im Fig 3, with two 
vessels in parallel. One, equivalent to 
the coronary, was taken as fixed in 
size, with the same diameter both 
proximally and distally, and with a 
cross-sectional area of 0.1 sq cm. The 
diameter and length of the other ves- 
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Fig 1.—Aortocoronary vein bypass graft 
from side o> upper descending thoracic 
aorta to side cf circumflex coronary. 


sel, correspending to the bypass, was 
then varied, and the effect on the 
relative flow in the two vessels com- 
pared when the total flow was kept 
constant at _ ml/sec. 

The analysis was based on the rela- 
tive resistarees to flow of the two 
paths, and cen be taken as two resist- 
ances in parallel. This follows from 
the fact that the pressure drop from 
the source 3 the distal vessel is the 
same whether corsidered across ves- 
sel B or C. Bence, the head-loss (h,) in 
each is the same. 

hi, = hi, 
o> QcRe = QsRn (1) 
where Q is flow rate and R is resist- 
ance. From continuity, the flow in C 
and B combite to the total flow, Q,: 


Gc + Qs = Qr 


and substituting from equation 1 for 
Qe: 


Qz(Es/Rc) + Qs = Qr 
Q:/Q> = 1/f1 + (Re/Rce)] (2) 


It now is n2cessary to make certain 
assumptions regarding resistance 
to flow in che two vessels, to keep 
the caleulafions reasonably simple. 
First, we must neglect the inlet and 
exit turbulence losses to both vessels. 
This is certa nly reasonable with re- 
spect to the eoronary because its en- 
trance is nieely rcunded, but for the 
bypass graf- the less could be signifi- 
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cant depending on the skill of the sur- 
geon in making the anastomoses or 
on subsequent thrombus occlusion. 
Certainly any constriction at either 
end could affect the total resistance. 

The remainder of the loss in each 
vessel was assumed to be from vis- 
cous shear, which is commonly ex- 
pressed as Poiseuille law: that the re- 
sistance is directly proportional to 
length and inversely proportional to 
the diameter to the fourth power, or 


R = L/D‘ or Rs/Re 
= (Le/Lc) (De*/Ds*) (3) 


This law is valid for steady flow in 
constant-diameter vessels for Rey- 
nolds number less than 2,000, which 
characterizes so-called viscous or 
“laminar” flow. (Reynolds number is 
a dimensionless ratio, Re = VD/r, 
where V = velocity, D = diameter, 
and v = kinematic viscosity.) 

This is probably the weakest as- 
sumption, considering that the actual 
flow is unsteady or pulsating. Thus, 
we have highly varying velocity but 
base our resistance on the mean ve- 
locity, which in turn is based on the 
mean flow. This assumption is made 
simply because no better relationship 
has yet been developed, and because 
it gives reasonably close prediction of 
the actual phenomena. 

With this in mind, we can proceed 
by substituting R,/R. from equation 
3 into equation 2, giving 


Qs/Qr = 1/[1 + (Le/Lc) (Dc*/Dz*)] 
= [Dx/Dc-*]/[(Ds/De*) = (Lx/Lec)], 


but since 
An/Ac = 4Dr?/ 4D? = Ds/ D<?, 
this equation can be reduced to 
Qp/Qr = [Az/Ac?]/ 
[(An/Ac?) + (Ls/Le)] (4) 
This equation is plotted in Fig 4 for 
three values of L,/L, and gives a sig- 
moid curve very similar to that de- 
rived from the in vivo experiments. 
Note that for L,/L, = 1 or Ly = Le, 
the percent of flow in the bypass is 
50% when A,;/A, = 1, or flow in each 
braneh is equal, as would be expected, 


since the resistance in each vessel is 


the same. For any length of B greater 
than C, the flow in B is reduced, corre- 
sponding to a higher relative resist- 
ance. 





Fig 2.—Aortocoronary artery bypass graft: 
internal thoracic artery divided distally and 
anastomosed to side of circumflex coronary. 


Figure 5 represents the conversion 
of the results of Fig 4 to velocity. This 
was done by using the relation 


V=Q/A 
where A is the cross-sectional area of 


the vessel. 


Ve/Ve = (Qs/Qc) (Ac/ An) 
or Qs = (As/Ac) (Vs/ Vc) (Qc) (5) 


Substituting in equation 4 for Q,, we 
obtain 


(As/Ac) (Vi/Ve) (Qc/Qr) 
= (As/Ac)?/[(As/Ac)? + (Ls/Lc)]. 


Solving for Vz, 
(QrVc/Qc) (As/Ac) 
(An/Ac)? + (Ls/Lc) 


Vz = 


but 
QrVc/Qce = Qr/ Ac = Vr 


which is the velocity in the distal cor- 
onary, taken as the same size as the 
proximal coronary in the original as- 
sumption. Using Q, = 1 ml/sec and 
Ac = 0.1 em’, V; = 10, and the equa- 
tion reduces to 


Vs = 10(AzAc)/[(Azs/Ac)? + Le/Le]. 


This equation is plotted in Fig 5 for 
three values of L,/L.. It shows in 
general that the velocity in the by- 
pass vessel increases rapidly with 
area ratio to a maximum, and de- 
creases thereafter. For equal-length 
vessels, the maximum is 5 cm/sec at 
As/Ac = 1 corresponding to equal- 
size vessels and equal resistances, 
with both carrying half the total flow 
and hence with half the velocity of 
that in the distal vessel, 10 cm/sec. 
The velocity in the coronary can be 
computed similarly and is shown in 
Fig 5 for L,/L, = 1 for comparison. 
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B = Variable dimension source vessel 
C =Constant dimension source vessel 
T =Distal common vessel 


P, = Pressure ot origin of source 
vessels 


Pp = Pressure at termination of source 
vessels 





MODEL FOR MATHEMATICAL CONCEPTS 





Fig 3.—Model for theoretical analysis: 
source vessels lead into common distal ves- 
sel, where inflow to the distal vessel was 
constant and divided between source ves- 
sels. Source vessels have common origin 
and common termination for equal pressure 
drop across each. 


Beginning at 10 cm/sec at A;/Ac = 0 
(no bypass graft), it falls contin- 
uously to 5 cm/sec at A;/A, = 1 and 
to values less than that in the bypass 
thereafter. Note that the maximum 
values of velocity are shifted to larger 
values of A,/A, for the longer bypass 
grafts. 


Results 


We found, as did Furuse et al’ and 
Kakos et al,’ that the addition of a 
bypass graft to a nonobstructed cor- 
onary did not increase the distal flow. 
When a bypass graft was joined to 
the unobstructed circumflex coronary, 
the percentage of the distal flow that 
arose from the bypass or from the 
proximal coronary was a direct func- 


tion of the cross-sectional area ratio 
between the graft and the proximal 
coronary. (Unless otherwise specified, 
all ratios in the remainder of the pa- 
per refer to this cross-sectional area 
relationship between the two inflow 
sources, graft to coronary.) The influ- 
ence of this ratio on the origin of the 
downstream flow is shown in Fig 6. 
From this curve, it is apparent that 
a slight change in graft size above or 
below a 1:1 ratio greatly affected the 
percentage flow through the graft. 
With a ratio of 1.2:1, 70% of the flow 
originated from the graft; with a ra- 
tio of 1.5:1, this flow had increased to 
85%. Increasing the ratio beyond 1.5:1 
resulted in a small increase of per- 
centage flow through the graft for 
each increment increase in graft size. 
Below = 1:1 ratio the percentage of 
flow through the graft fell rapidly. In 
the vicinizy of the 1:1 area ratio, sev- 
eral of the vein grafts lay in the 0.8:1 
to 1.0:1 range, while all of the arterial 
grafts were in the 0.5:1 to 0.8:1 range. 
The percentage flow through both 
types of graft seemed to dictate a 
continuous relationship. At a ratio of 
0.8:1, 30% of the flow was carried by 
the graft; at a ratio of 0.5:1, only 20% 
of the flow was through the graft. 
In assessing the velocity in the 
various grafts, we normalized the 
data to minimize the influence of in- 
dividual animal variations in flow 


rate, heart rate, and blood pressure. 
From the best curve drawn through 
the data in Fig 6, velocities were com- 
puted as follows. A flow of 1 ml/sec 
was assumed in the distal coronary 
artery and, at selected-area ratios, 
the flow in the bypass was computed. 
Dividing this value by the associated 
cross-sectional area of the bypass, 
also taken from the curve, assuming 
0.1 sq em for the coronary cross- 
sectional area—note that this gives 
a velocity in the distal coronary 
of V = Q/A = (1 ml/sec)/0.1 sq 
em = 10 cm/sec, gives the indi- 
cated velocity in the bypass. These re- 
sults are plotted in Fig 7. They indi- 
cate that the velocity in the bypass 
increases rapidly with increasing 
area to a ratio of approximately 1:1 
and less rapidly beyond, reaching a 
maximum at approximately 1.25:1 
and falling off slowly thereafter. As 
would be expected, at an area ratio of 
1:1, the velocity in the coronary was 
the same as in the bypass, namely, 5 
cm/sec. The maximum velocity calcu- 
lated was 5.6 cm/sec at an area ratio 
of 1.25:1. This is surprising as one 
would expect the maximum to occur 
at the 1:1 ratio; that it does not will be 
explained later in terms of the rela- 
tive lengths of the bypass and coro- 
nary. 

Also, as shown in Fig 7, the velocity 
of flow in the proximal coronary fell 
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Fig 5.—Theoretical analysis. Velocity of flow through variable 
source at different cross sectional area ratios of variable/constant 
source. Velocity is computed for three different lengths of variable 
source. Figure 7 shows computed velocities from in vivo studies. 
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Fig 6.—Relat onship of percentage of downstream flow through 
graft to cross:s2ctienal area ratio of graft to coronary with the heart 
in a quiescent sate. Sigmoid curve drawn through data points ap- 
proximates reletionship. Corresponding scale of graft to coronary 
diameter ratios s at bottom. 
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Fig 7.—Velocity of blood flow through the graft and proximal coro- 
nary computed from Fig 6 curve. In order to compute velocities 
standard size of coronary artery was assumed both proximal and 
distal at 0.1 sq cm in cross-sectional area, and constant total flow 
of 1 ml/sec into distal bed. 
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Fig 8.—Percentage reduction of flow carried by graft over that car- 
ried by coronary alone under conditions of increased flow, 200% to 
%. 


as the graft to coronary ratio in- 
creased. At a graft to coronary ratio 
of 0.8:1, the ficw rate in the proximal 
circumflex was 6.8 em/sec; at the ratio 
of 1.2:1 the rate of flow was 3.2 
cm/sec, and ac the ratio of 1.5:1 it was 
1.6 cm/sec (or 16% of its original flow 
velocity). 

During the quiescent state of the 
heart any of the grafts, either venous 
or arterial (al! of the internal thoracic 
artery grafts were smaller than the 
proximal circumfiex), was able by it- 
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self to supply the needs of the distal 
bed, ie, provide the basal flow. When 
the flow was increased to two to four 
times that of the quiescent state by 
the methods outlined above, the flow 
provided to the distal circumflex by 
the proximal circumflex alone (the 
graft temporarily occluded) was al- 
ways the same amount as that pro- 
vided when both the coronary and the 
graft were open. 

The graft did not augment what 
the proximal circumflex could provide, 


even in a greatly increased flow state. 
However, in this increased flow state, 
with the proximal circumflex tempo- 
rarily occluded, only grafts of ratio 
1.2:1 or greater were able to provide 
an amount equal to that delivered by 
the proximal circumflex alone. (This 
pertains to vein grafts only, since 
none of the arterial grafts were of 
this size.) Grafts equal to or smaller 
than the coronary could not provide 
the same flow as the coronary alone. 

The smaller-sized grafts could not 
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completely supply the increased ca- 
pacity of the distal bed in the in- 
creased flow state. The internal tho- 
racic artery grafts appeared slightly 
more efficient than the vein grafts in 
this regard. These relationships are 
shown in Fig 8. Vein grafts at a ratio 
of 0.8:1 had a reduction of 20%, 
whereas artery grafts at a ratio of 
0.7:1 had a reduction of only 12%. The 
lines drawn through the graph in Fig 
8 represent averages of the percent- 
age flow reduction’ of the internal 
thoracic artery and vein grafts, re- 
spectively, at the measured cross- 
sectional area ratios. If the line for 
the artery grafts is projected to a 1:1 
ratio, it predicts no reduction in the 
increased flow state (no artery grafts 
of this size were available for experi- 
mental study). 


Comment 


The evidence reported in this paper 
and that reported by Furuse et al? 
and Kakos et al* show that a bypass 
graft to a nonobstructed coronary ar- 
tery does not increase the distal flow. 
Though this flow remains the same, it 
now arises from two sources, the 
proximal coronary and the bypass 
graft. Hence, there is an inverse rela- 
tionship between the magnitudes of 
flow arising from these two sources: 
the larger the flow arising from the 
bypass, the smaller the flow from the 
proximal coronary, and vice versa. 
Detailed knowledge of this relation- 
ship is basic to surgical efforts to aug- 
ment coronary flow in clinical prac- 
tice. 

To add to and, in a sense, to con- 
firm the information gained from in 
vivo experiments, we compared our 
results with those obtained from a 
theoretical model of the bypass sys- 
tem. The flow, in quantity and ve- 
locity, dictated by the theoretical con- 
cept through both “graft” and 
“proximal coronary” was similar to 
that found in the in vivo experiments. 

The similarity was rather close con- 
sidering the problems affecting the 
comparison: 

1. In the in vivo work, it was im- 
possible to measure the internal 
diameter, which was the critical mea- 
surement because of variations in 
wall thickness, particularly between 
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arteries and veins. Instead, the exter- 
nal diameter was measured and used 
as if it were the internal diameter. 
The resulting error was small when 
arterial grafts were compared to the 
coronary artery, because of similar 
wall thicknesses, but became signifi- 
cant when the thinner wall venous 
grafts were compared to the coronary 
artery. 

2. In the vivo state, there was max- 
imum coronary flow in diastole and 
complete, or nearly complete, stop- 
page in systole, with rapid accelera- 
tion and deceleration. This stop-and- 
start pattern contrasts with the as- 
sumed steady laminar flow of the 
theoretical model. 

We believe that most coronary ar- 
tery disease patients who have nor- 
mal cardiac output and who do not 
have angina at rest, have a deficient 
myocardial circulation only with 
stress of the myocardium. Hence, we 
suspect that in most patients after 
bypass surgery, the blood flowing 
through the graft to the myocardium 
during the quiescent state may not 
represent an increase over the pre- 
bypass state; instead, the total flow is 
essentially the same but with a de- 
crease in that portion of its circula- 
tion reaching the myocardium through 
its own stenotic coronaries and collat- 
eral channels. This decrease equals 
the flow now contributed to the distal 
bed by the bypass. Of course, with in- 
creased demand, as in exercise, the 
bypass provides an absolute increase 
of flow and prevents the development 
of tissue hypoxia and acidosis. 

The presence of a bypass graft re- 
sults in the division of the flow to the 
distal bed between the two inflow 
channels, which compete for the flow 
according to the relationships we 
have described. It can be seen that a 
saphenous graft usually considered 
too small in clinical practice (as 4 mm 
diameter) will be in fact much larger 
than the stenotic area of the coronary 
proximal to the anastomosis or to the 
sum of the collateral channels, if com- 
plete occlusion is present. Even a 
graft of this small size would assume 
most of the flow, with a consequent 
large decrease in the flow through the 
patient’s coronary artery proximal to 
the anastomosis and in any collateral 


channels. The chance of thrombotic 
closure of a stenotic proximal coro- 
nary is increased by a bypass graft.*” 
Therefore, a graft can never be mere- 
ly a standby system that presents no 
risk to the coronary, since it cannot 
be assumed that the proximal coro- 
nary, once bypassed, will remain pat- 
ent. 

The effect of diameter, length, and 
tapering of grafts on their ability to 
carry the distal flow becomes appar- 
ent from these studies. It is our feel- 
ing that the size of an artery such as 
a coronary, and probably any other 
artery, is determined by the maximal 
flow that periodically occurs with 
maximum demand of a distal bed 
(such as with peaks in cardiac work). 
The low resistance of a healthy main 
“channel” coronary artery does not 
limit the flow to its distal bed. In- 
stead, the magnitude of the distal 
flow is governed by the much higher 
resistance of the peripheral bed. It is 
not surprising, then, that in the 
quiescent state, with the lowest flow 
of the normal cardiac range, even the 
smallest grafts in our study could 
carry the flow established by the dis- 
tal bed. But when increased flow 
rates (200% to 400%) were induced, as 
under exercise conditions, then limi- 
tations in graft capacity could be 
seen. 

Under these increased flow rates, 
the vein grafts of 1.2:1 or greater 
area ratio showed no decrease in 
carrying capacity compared to the 
healthy coronary. However, when 
grafts with areas comparable to the 
coronary were usec, significant reduc- 
tion in flow became apparent. This 
can be explained by the effect of 
length on the resistance to flow. The 
average length of the vein grafts (7 
cm) was approximately 242 times the 
length of the proximal coronary. The 
greater length of the vein graft as 
compared to the coronary presents a 
linear increase in resistance to flow. 
This increased resistance with length 
explains the necessity for the vein 
graft to be larger than the coronary 
(1.2:1) in order to carry the full flow of 
the stress state. Clearly, under in- 
creased flow conditions, the reduction 
in resistance of the distal coronary 
bed and the simultaneous relative in- 
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crease in the bypass resistance (be- 
cause of if fixed nature) begins to 
make thas of the bypass a significant 
preportioa cf the total. 

When the diameter of the bypass is 
reduced below that of the coronary, 
the effect of diameter on resistance is 
magnifiec and the reduction in capac- 
ity is severe. This is true of the 
smaller v2 grafts and also of the 
still smal er artery grafts, which, in 
addition, 121 lengths averaging four 
times that cf the bypassed coronary. 

We sugzest, therefore, that as long 
as a relat-vely nontapered vein graft 
has an arez ratio of 1.2:1 (considering 
its smallest-area) or greater, it is fully 
capable oi handling the largest distal 
flow antictpe ted, f its length does not 
appreciaby exceed that of the coro- 
nary bein= »ypassed. When the area 
ratio is redueed below this value, how- 
ever, botë length and diameter be- 
come signifieant under increased flow 
conditions But = graft of even 1:1 
(related t» external diameter of the 
vessel at the pomt of anastomosis) 
would be acceptable as a bypass for a 
coronary, considering that it would 
have miror limitation in the in- 
creased flew state. 

However. when assessing the flow 
capability ef a tapered graft, two as- 
pects of its zeometry are important: 
its minimal diameter and whether or 
not it has æ capered configuration. If 
it tapers sienificantly, the terminal 
(minimal) dimension tends to under- 
estimate the flow capability of such 
a graft. Tre apparent differences 
shown in Fig 8 between the tapering 
internal tae-aciec artery grafts and 
the relatively uriform vein grafts 
may be exdlcinabie on this basis. For 
example, imernel thoracic artery 
grafts with a terminal ratio of 0.7:1 
were able ameet full basal flows, and 
85% of what zhe normal proximal cor- 
onary could provide with flow in- 
creases to 100% (ir other words, as ef- 
fective as. considerably larger vein 
grafts, up te 0.9:1 area ratio). On the 
basis of ovrexperimental results, we 
predict that an irternal thoracic ar- 
tery having a terminal area ratio of 
1:1 would be fully capable of meeting 
any flow req@ijirerents that could be 
met by a remmal coronary. 

Avoiding =nastomotic constriction 
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is of great importance in keeping 
flow resistance to a minimum, espe- 
cially when small grafts are em- 
ployed. An additional factor to con- 
sider is the thickening of the graft 
wall that may be expected following 
implantation. With vein grafts, the 
thickening is usually appreciable, and 
occasionally marked. For this reason, 
a saphenous vein having a diameter 
twice that of the coronary being by- 
passed may be necessary. There is ob- 
vious disadvantage to such a large 
venous bypass because the decreased 
veloeity of flow predisposes it to 
thrombotic closure. On the other 
hand, arterial autografts seldom 
show wall thickening. 

A certain level of velocity is impor- 
tant to maintain patency of any 
graft. The better the flow surface of 
the graft, the lower the requirement 
for high velocity. It would appear 
from the theoretical curves in Fig 5 
that for maximum velocity in the 
graft, a 1:1 ratio should be used. How- 
ever, since most grafts are consid- 
erably longer than the distal coro- 
nary, the lower curves in Fig 5 appear 
more applicable and they indicate a 
shift in the maximum velocity to area 
ratios greater than 1:1. In fact, for 
bypass lengths twice that of the coro- 
nary, maximum flow occurs at a 1.2:1 
area ratio—which is consistent with 
the velocity determined from flows in 
the m vivo studies, as seen in Fig 7. 
It must be remembered, though, that 
these maximums occur when the by- 
pass is competing for flow with an 
open coronary. If the coronary is even 
moderately occluded, the velocity in 
the bypass will always be higher than 
that in the coronary for all bypass 
diameters larger than the unoccluded 
coronary. 

This work has begun to explore the 
nature of blood flow in major coro- 
nary arteries, distal coronary beds, 
and vessels used as grafts to the coro- 
nary arteries. Further knowledge of 
the flow behavior of aortocoronary 
bypass grafts will be helpful for more 
successful use of autogenous grafts 
and will be critical for developmental 
guidelines for synthetic grafts.° 

Further research must determine 
(1) nermal coronary flow, at rest and 
with slight, moderate, and extreme 


stress; (2) the points along the coro- 
nary circulation at which significant 
pressure drop occurs, and the degrees 


\of this pressure drop, both along the 


main coronaries and the distal coro- 
nary bed, at these various flow rates— 
exact pressure measurements are 
necessary if a reliable analytical 
model is to be acquired; and (3) the 
velocity of flow necessary to maintain 
patency of aortocoronary venous au- 
tografts, arterial autografts, and syn- 
thetic prostheses. 


Discussion 


JOHN H. KENNEDY, MD, Houston: I 
should like to comment on Dr. Overton’s 
interesting study of factors which are im- 
portant in determining the character of a 
graft flow and, therefore, that in the distal 
coronary bed. 

He and his co-workers have compared 
free autografted veins to anatomically 
based pedicle grafts in the arterial circula- 
tion. A computer solution compares the 
angle subtended between the vein graft in 
the ascending aorta and the principal 
angle of the ascending aorta vs flow pre- 
dicted by computer solution. In this solu- 
tion, assuming that one has nonpulsatile 
flow and rigid tubes (neither of which as- 
sumptions is true), there is a relationship 
between the angle the vessel connected to 
the ascending aorta makes with the as- 
cending aorta in relation to the amount of 
flow that goes to the graft. This is of 
some importance when one compares veins 
which have been connected to the circula- 
tion and arteries which are physiologically 
connected, since, presumably, evolution 
has arrived at an ideal angle of flow in the 
case of the arteries. This comparison is of 
clinical importance, we believe, because the 
spots on this computer printout curve hap- 
pen to be the measured angle theta in pa- 
tients in whom hypertrophy and stenosis 
of the subintimal area of the vein graft 
was recognized clinically. 

Another clinical extrapolation of this in- 
formation can be found in the work of Dr. 
Carpentier, who presented his findings, 
using radial artery autografts for coro- 
nary revascularization procedures earlier 
this year. One sees in certain patients with 
transplanted radial arteries the same kind 
of subintimal stenosis as has been detected 
in a variable number of patients following 
the use of autogenous veins for this pur- 
pose. 

In addition to the factors of graft 
diameter, which the authors have eom- 
mented on, and the problem of the distal 
runoff bed, we should recognize that the 
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angle at which the vessel is attached to the 
aorta, or at least the nature of that anasto- 
mosis, is a factor in determining flow that 
goes through the graft. 

GERALD D. BuckBERG, MD, Los Angeles: 
I would just like to ask Dr. Overton one 
question. As we know, the resistance of 
flow through a graft is related to its length 
as well as its cross-sectional diameter. I 
wonder whether he has considered the role 
played by length: that is, were his vein 
grafts and arterial grafts of comparable 
length? 

CLARENCE DENNIS, MD, Bethesda, Md: I 
had the good fortune to visit Prof V. I. 
Kolesov at the First Leningrad Medical In- 
stitute in the USSR three months ago. He 
believes it best to perform internal mam- 
mary-coronary anastomoses by division 
and end-to-end anastomosis. His reasoning 
reflects both the matter of angulation, 
which concerns Dr. Kennedy, and the mat- 
ter of size of flow in the coronary artery 
proximal to the anastomosis addressed by 
Dr. Overton and his associates. He was 
also concerned with avoidance of areas of 
stasis from which thrombus might extend. 

Professor Kolesov performs anasto- 
moses as small as 1.3 mm in diameter with 
a beautiful stapler equipped with automat- 
ically prepackaged cartridges. He began 
his coronary anastomoses in 1964, and nine 
of his initial 12 patients are living today. 

RONALD J. BarrD, MD, Toronto: I am in- 
terested in the site of origin of both vein 
and artery grafts, and whether the artery 
is coming from a very different site from 
that of the vein. 

Dr. Overton: Dr. Kennedy has pre- 
sented very enlightening information, 
which is undoubtedly of great importance 
in the proximal anastomosis in an aorto- 
coronary vein bypass graft. This data may 
explain some of the variability of our re- 
sults with vein grafts anastomosed to the 
aorta. In our anastomoses of the veins to 
the aorta, we tried to make the openings 
larger than the veins themselves, flaring 
the vein grafts considerably at this anasto- 
mosis. 

Dr. Buckberg has also brought up a very 
important point. We did try to assess the 
effect of length. Both our vein grafts and 
internal thoracic artery grafts were more 
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than twice the length of the circumflex cor- 
onary between aorta and anastomosis. Yet 
our values of blood flow in these grafts, 
particularly when they competed with an 
open proximal coronary, seemed to defy 
the effect of length. The results predicted 
from our analytical model suggest that the 
effect of length is quite profound. The dis- 
crepancy between our in vivo results and 
the predicted flow from the model may be 
due to two factors. First, the diameters 
measured in both the grafts and the coro- 
nary vessels in vivo were external diame- 
ters; the internal diameter, a more critical 
value, was impossible to measure in vivo 
and would have altered our ratio of vein 
graft to proximal coronary. Second, both 
the vein grafts and the internal thoracic 
artery graft were tapering. The vein 
grafts tapered very little and this may not 
have been significant. The internal tho- 
racic artery, on the other hand, tapered 
very greatly and even though they were 
considerably longer than the proximal cor- 
onary against which they competed, we 
were measuring their terminal diameter, 
the narrowest point. This narrow terminal 
area was only a relatively short segment, 
and its diameter was considerably less 
than the average diameter for the entire 
vessel. 

The velocity of blood flow in the in vivo 
grafts reached a maximum at a cross-sec- 
tional area ratio of graft to coronary vessel 
of 1.2:1. Interestingly, in the analytical 
model—where the vessel analogous to the 
graft was twice the length of the vessel 
analogous to the proximal coronary—the 
maximal flow velocity in the graft vessel 
also was at the cross-sectional area ratio of 
Led. i 

In all fairness, however, I must admit 
that we do not know the exact effect of 
length from this study. 

Dr. Dennis’s statement about what is 
done in Russia is very interesting but I 
have no further comment on that. 

Dr. Baird’s question regarding the site 
of origin of both vein and internal mam- 
mary artery grafts raises some interesting 
points. I believe he refers to the fact that 
there is a delay in the propagation of pres- 
sure waves from the aortic root to points 
further distal in the arterial tree. If a vein 


is grafted from the aorta further down 
than at the aortic root, the effect of this de- 
layed propagation of the pressure waves 
would be seen at the origin and within the 
vein itself. This same principle would ap- 
ply to the internal thoracic artery, having 
a greater effect in our experimental work 
because of the greater length involved. 

The most obvious effect of delay in pres- 
sure wave propagation would be the occur- 
rence of part of the systolic pressure wave 
at the origin of the graft during early dias- 
tole, which would result in a boost to flow 
across the graft that would not oceur if its 
origin were the aortic root. Coronary flow 
is almost stop-start flow, with the majority 
of the flow occurring in diastole. However, 
we have felt that such a delayed systolic 
pressure wave could have only a minimal 
effect, as it would occur for only a very 
brief duration at the beginning of the dias- 
tolic upswing in coronary flow. (One could 
also question the effect of pressure waves 
within the grafts themselves and the ef- 
fect of harmonics with differing levels of 
pressure at different points within a coro- 
nary bypass graft at any instant as other 
factors influencing flow.) 
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Median sternotomy incision was routinely 
employed for 1,042 open-heart operations 
over a two-year period. Seventeen patients 
developed mediastinitis; seven died. Recog- 
nition of mediastinitis depended on sternal 
wound drainage or sternal dehiscence. Two 
patients with Candida albicans medias- 
tinitis developed neither unstable sternum 
nor draining wound, and both died. Therapy 
‘in 15 patients consisted of mediastinum de- 
bridement followed by continuous irrigation 
of the closed wound with antibiotic solu- 
tions. Five of the 15 patients died. Mediasti- 
num irrigation, usually with neomycin sul- 
fate-bacitracin, resulted in C albicans 


he median sternotomy incision 

was initially proposed as the inci- 
sion of choice for open intracardiac 
operative procedures by Julian and 
associates? in 1957. In recent years 
this incision has come to be employed 
almost exclusively for the majority of 
such procedures, whether for acquired 
or congenital heart defects. Fortu- 
nately, sternal and mediastinal infec- 
tion are rare complications described 
in a number of published case re- 
ports'* with an incidence which 
ranges from 0.5% to 5%.*°-? Postoper- 
ative mediastinal sepsis represents 
an unusually serious type of wound 
infection because of the likelihood of 
extension to intracardiac or aortic su- 
tures? and the increased incidence 
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overgrowth in six patients. Candida albi- 
cans was directly implicated in four pa- 
tients’ deaths and the development of 
chronic chondritis in three others. Early de- 
bridement of the mediastinum upon the ini- 
tial appearance of a draining, purulent 
sternal infection followed by continuous irri- 
gation of the mediastinum by broad-spec- 
trum antibiotic solution and specific sys- 
temic antibiotic therapy is the recommended 
therapy for postoperative mediastinal infec- 
tion. The survival of ten patients out of 15 
so treated strongly recommends this ap- 
proach. 


of prosthetic endocarditis associated 
with it.’ The original treatment, still 
advocated by some, is to debride the 
wound and pack the mediastinum.* 
Unfortunately, the anterior mediasti- 
num is resistant to drainage koth be- 
cause of its nondependent position 
and because exposure of the pleural 
cavities impairs ventilatory mechan- 
ics and prevents an adequate cough 
mechanism. Open drainage, there- 
fore, has frequently led to a pro- 
longed and difficult recuperation, and 
inevitably there is dissatisfaction 
with this mode of therapy. 

In 1960 Spencer developed the con- 
cept of treating mediastinal infection 
by debridement of the sternal wound 
followed by closure and irrigation of 
the mediastinum with antibiotic solu- 
tion. A series of five patients was pre- 
sented in 1968 after the recevery of 
four of the five prompted adoption of 
this technique for this often-fatal 
complication.’ This review of 17 pa- 
tients with mediastinal infection at 
New York University Hospital in- 
cludes all patients developing postop- 


erative mediastinal infection over a 
two-year period. The majority of pa- 
tients were treated in the manner 
proposed by Spencer and were ob- 
served for up to three years following 
operation. 


Report of Cases 


During the two-year period from July 
1970 through June 1972, a total of 1,042 
cardiac operations were performed at the 
New York University Hospital. Valvular 
repair or replacement was carried out in 
406 patients and 360 had coronary revascu- 
larization. Forty-nine patients had coro- 
nary bypass plus valve replacement. Con- 
genital heart defects were repaired in 136 
patients and there were 91 miscellaneous 
open-heart procedures (Table 1). 

In nearly all patients the operative ap- 
proach was through a median sternotomy 
with arterial cannulation of the ascending 
thoracic aorta. Cardiopulmonary bypass 
was employed in each case utilizing a roller 
pump with a disposable bubble oxygenator 
at a perfusion rate of 2.25 liters/min/sq 
m. Hemodilution prime and moderate hy- 
pothermia (30 to 34 C) were routinely used. 

All patients were treated with paren- 
teral prophylactic antistaphylococcal anti- 
biotics which were begun either the eve- 
ning prior to operation or in the operating 
room during the course of the operation 
and were continued from one to four weeks 
thereafter. Oxacillin sodium or methicillin 
sodium were used unless the patient had 
known penicillin allergy, in which case lin- 
comycin hydrochloride monohydrate was 
substituted. Additional antibiotics were 
added without a consistent pattern. Peni- 
cillin G sodium and streptomycin sulfate, 
cephalothin sodium, or more recently, gen- 
tamicin sulfate (Garamycin) were used in 
some patients for short periods during and 
following operation. 

An infection surveillance system, estab- 
lished at New York University Hospital in 
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Table 1.—Mediastinitis: Distribution of Cases, 1970 to 1972 


Incidence of 
Operation 
156 (15%) 
131 (12.6%) 
53 (5.1%) 
31 (3%) 
15 (1.4%) 
Coronany r2""ascu- 
larizatioy 
Coronaty r2""ascu- 
larizatio m& vawe 
replacement 
Repair adfcongenė 
tal heart « efec? 
Miscellane@eas 
Totals 


360 (34.5%) 


49 (4.7%) 


136 (13.0%) 
91 (8.7%) 
1,042 


Incidence of 

Mediastinitis 
2 (11.8%) 
$ 
(0) 
2 (11.8%) 
0 





Incidence of 
Mediastinitis/Operation, % 


(5.9%) 


9 (529%) 


2 (11.8%) 


1 (5.9%) 
0 
17 


* MVR indicates nitral valve replacement; OMC, epen mitral commissurotomy; TVR, tri- 
cuspid valve realacement; AVR, aortic valve replacement. 


1967, reeordec date on the incidence and 
severity of pos operative infections follow- 
ing cardiae surgery. The records of the 
surveillance am served as a basis for 
identifying pacients. All patients’ under- 
going operation were screened and those 
whe developed mediastinitis were studied 
further. Each catiert’s chart was reviewed 
with particular attention directed to early 
identificatieme the infection, contributing 
factors, thera, and late follow-up. 


Results 


Distribution of Cases.—The types of 
operative precedares carried out in 
the 1,042 pazents are noted in Table 
1. Seventeet of the 1,042 patients 
(1.6%) developed mediastinitis, 12 
men and awe women. The ages 
ranged frem 30 te 67 years. Eleven of 
the 17 patierts had coronary bypass 
procedures, ~wo cf these in combina- 
tion with va~e replacement. Five pa- 
tients had salve replacement only, 
and one hec repair of a congenital 
heart defect. 

There was nearly a twofold in- 
crease in the frequency of medias- 
tinitis assoe:ated with coronary re- 
vascularizafimn «es compared with 
valve replacemen= (2.7% as compared 
to 1.4%) (Tade 1). There was also a 
higher incid=nce of mediastinitis in 
patients having nitral and tricuspid 
valve replacemen= than in any other 
group evalueved (6.5%). Notably, few 
patients hav ag only mitral valve re- 
placement «(3%) or repair of a con- 
genital hear- defect (0.7%) developed 
postoperative mediastinitis. 
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Infecting Organisms.—The following 
organisms produced mediastinitis in 
our patients: 


No. of 
Organisms Patients 
Staphylococcus albus 
Klebsiella 
Candida albicans 
Escherichia coli 
Pseudomonas 
Streptococcus faecalis 
Proteus mirabilis 
Citrobacter 
Serratia 


H AYNA DD SD 


The most common were Staph 
albus, Klebsiella, C albicans, and E 
coli. Pseudomonas, Strep faecalis, Pr 
mirabilis, Citrobacter, and Serratia 
were also isolated in six patients in 
conjunction with one of the more 
common organisms. In one case (pa- 
tient 7) both Staph albus and Kleb- 
stella were responsible for medias- 
tinitis in the same patient. Thus, in 
seven patients there were multiple 
organisms isolated from the medias- 
tinum. In the remaining ten patients 
only a single organism was recovered: 
Klebsiella (three patients), Staph 
albus (three patients), C albicans 
(three), and E coli (one). 

Each of the organisms isolated was 
resistant to many of the less toxic an- 
tibiotics with Klebsiella and C albi- 
cans the most difficult to treat effec- 
tively. Recently Staph albus has 
shown resistance to the usual anti- 
staphylococcal antibiotics (methicillin 
and oxacillin) and has also become 
difficult to eradicate. 


. 


Predisposing Factors.—Pneumonitis 
was noted before cardiac surgery in 
two patients (patients 8 and 12) and 
in both cases following operation the 
same organisms were subsequently 
found in the infected mediastinum. 
In one of the two patients (patient 
12), the pleural space had become in- 
fected prior to cardiac surgery by di- 
rect extension of the pneumonitis. 
Three additional patients (patients 
10, 13, and 14) developed postopera- 
tive pneumonitis with the subsequent 
appearance of mediastinitis by the 
same organism. 

Tracheostomies were performed in 
eight patients between the initial 
date of operation and the fifth post- 
operative day. In most cases it was 
possible to separate the mediastinum 
from the tracheostomy orifice and to 
avoid contamination. In only one pa- 
tient (patient 10) with a tracheos- 
tomy was there a tracheobronchial in- 
fection caused by the same organism 
(C albicans) as the mediastinal infec- 
tion. 

In the majority of the 17 patients 
in the series, both the duration of op- 
eration and duration of cardiopulmo- 
nary bypass were prolonged far be- 
yond that which we normally employ. 
This was usually secondary to techni- 
cal considerations, especially poor car- 
diac reserve, and the need for assisted 
circulation. 

The duration of operation in the 17 
patients ranged from 6 to 17% hours 
with nine of the patients having oper- 
ative times greater than ten hours. 
The duration of cardiopulmonary by- 
pass ranged from 90 to 450 minutes 
and was prolonged beyond three 
hours in 12 of the 17 patients. Reoper- 
ations for bleeding were performed in 
three of the 17 patients (17.6%). 
Closed chest massage was performed 
postoperatively in two patients be- 
cause of potentially fatal arrhyth- 
mias. Immediately after operation 
ten patients manifested a low cardiac 
output requiring prolonged pressor 
administration, a reflection of the 
limited cardiac reserve and advanced 
disease of most of the patients. 
Steroids were administered to four 
patients during their postoperative 
course prior to clinical evidence of 
mediastinitis. Two of these patients 
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Table 2.—Clinical Summary 








Interval, Signs of 
No. Sex Operation Days Mediastinitis Organism 
MVR & SCB 5 Sternal dehiscence; Staph albus 
purulent drainage 
2 67,M DCB 15 Sternal dehiscence; Staph albus, 
purulent drainage Strep faecalis 
3 59,M DCB 7  Purulent drainage; E coli 
sternal dehiscence 
4 61,M TCB 13 Purulent crainage E coli, 
Pro mirabilis 
5 53,M AVR 9 Sternal dehiscence C albicans 
6 46, F MVR & TVR 6 Purulent drainage K sp., Ps 
aeruginosa 
7 53,M DCB 31 Purulent drainage; K sp., Staph 
sternal dehiscence albus 
8 30,M AVR&TA 20  Purulent drainage K sp. 
9 41,M MVR&TVR 14 Purulent drainage; Ser sp., 
sternal dehiscence K sp. 
10 67,F MVR&AVR&SCB 13 Exsanguinating C albicans 
cardiac hemorrhage 
11 43, F Fallot tetralogy 7 Purulent drainage K sp. 
12 55,F MVR&TA Septicem a Ci sp., 
Ca albicans, 
Ps aemuginosa 
13 50,M TCB 12 Purulent drainage; Staph albus 
sternal dehiscence 
14 64,M DCB 7 Purulent drainage K sp. 
15 57,M DCB 7 Purulent drainage Staph albus 
16 63,:F .. Tes 12 Purulent drainage E coli, Pr 
mirabilis, Strep 
faecalis, Staph 
albus 
17 55,M TCB 12 Purulent drainage; C albicans 


sterna’ dehiscence 



















Management Results 


Debridement; 
irrigation 
No debridement 


































Died 





Chronic C 
albicans chondritis 


Chronic osteo- 
myelitis (E coli) 


Debridement; 
irrigation (X2) 

Debridement; 
irrigation 































Debridement; Chronic C 
irrigation (X2) albicans chondritis 

Debridement; Died 
irrigation 

Debridement; Died 
irrigation 

Debridement; Cured 
irrigation 

Debridement; Died 
irrigation 

Exploration only Died 

Debridement; Died 
irrigation 

Debridement; Died 
irrigation 

Debridement; Cured 
irrigation 

Debridement; Cured 
irrigation 

Debridement; Cured 
irrigation 

Debridement; Cured 
irrigation 

Debridement; Chronic C 












irrigation albicans chondritis 





* MVR indicates mitral valve replacement; TVR, tricuspid valve replacement; AVR, aortic valve replacement; TA, tricuspid annuloplasty; SCB, 
single coronary bypass; DCB, double coronary bypass; TCB, triple coronary bypass. 
t Interval between operation and appearance of mediastinitis. 


survived after mediastinal debride- 
ment. 

Clinical Features.—Fifteen of the 17 
patients in the series had clinically 
obvious infection manifested both by 
a leukocytosis (white blood cell count 
[WBC] > 10,000/cu mm) and fever 
(> 38.3 C) prior to a diagnosis of me- 
diastinitis. One patient (patient 17) 
with a C albicans infection dehisced 
his sternal wound and drained puru- 
lent material without systemic re- 
sponse, remaining afebrile with a 
normal WBC. This patient survived 
following debridement. A second pa- 
tient (patient 10), whose debilitation 
prevented a febrile response despite 
overwhelming sepsis, ultimately died. 

Four patients were diabetic and 
two of the four (patients 2 and 3) de- 
veloped hyperglycemic, hyperosmolar 


774 = Arch Surg/Vol 107, Nov 1973 


coma during the postoperative period. 
One of the latter two patients (pa- 
tient 3) survived. Renal failure was 
present in seven patients, secondary 
to either a low cardiac output (four 
patients) or sepsis combined with 
nephrotoxic drugs (three patients). 
Three patients (patients 5, 9, and 11) 
received peritoneal dialysis and one 
of this number survived (patient 5). 
Four of the seven who developed re- 
nal failure died. Hepatic failure was 
combined with renal dysfunction in 
two of the seven and both died. 
Drainage from the sternal wound 
appeared in 14 of the 17 patients from 
the 6th to the 31st postoperative day 
and was the first sign of mediastinal 
infection in 12 of the 14. In two (pa- 
tients 3 and 17) of the 12 patients, the 
appearance of drainage preceded by 


five and three days, respectively, a 
sternal dehiscence manifested by 
“rocking” of the sternal fracture site. 
In three patients (patients 7, 9, and 
13) sternal dehiscence was first noted 
shortly after the appearence of ster- 
nal drainage. In the remaining seven 
patients with drainage, no sternal de- 
hiscence appeared prior to debride- 
ment (Table 3). 

Sternal dehiscence without drain- 
age was the initial sign of medi- 
astinitis in only three patients (pa- 
tients 1, 2, and 5). In two (patients 1 
and 2) subsequent drainage appeared 
seven and two days after dehiscence 
and in one (patient 5) no drainage 
was noted. Two additional patients 
(patients 10 and 12) developed neither 
sternal dehiscence nor purulent 
drainage. Both had C albicans infec- 
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Fig 1.—Mediastinal debridement includes rongeuring back in- 
fected sternal bone and removing all necrotic debris. 


Fig 2.—Two catheters have been inserted in mediastinum for in- 





For Irrigant 


Stallation of irrgating solution and mediastinal and pleural tubes 


placed to watersea’ drainage for evacuation of the irrigant solution. 


tion and botk diec (Table 2). 
Therapy.—After -he initial adminis- 
tration of prophylactic antibiotics, 
systemic antibiotie therapy consisted 
of specific baeteriadal and fungicidal 
medication as determined by culture 
and sensitivizy reports. Gentamycin, 
cephalothin, ampicillin, or oxacillin 
were used at some time in each pa- 
tient in the series. Amphotericin B 
was used in only one patient (patient 
5). Fifteen of the 17 patients under- 
went mediastinal exploration, de- 
bridement of the sternum and evac- 
uation of necrotic debris. This 
occurred between 3 and 42 days after 
initial operation and was performed 
soon after mediastinitis became ap- 
parent. At operation (Fig 1) the ster- 
num was dekridec back to bleeding, 
healthy bone anc all remnants of 
bone wax were removed. The skin and 
subcutaneous tissue were similarly 
debrided to grossly uninfected tissue. 
Chest tubes were placed in the right 
or left chest er both, depending upon 
the presence of € space remaining 
from the original operation. No at- 
tempt was made to dissect in the 
pleural space if adaesions were firmly 
attached without pockets of puru- 
lence. A tube was left to drain the 
mediastinum. Two tubes were placed 
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Raa 


Fig 3.—Treatment of chronic chondritis 
requires multiple operative procedures with 
excision of infected costal cartilage in its 
entirety. 


in the superior mediastinum through 
which irrigation solution was admin- 
istered by a continuous drip begin- 
ning immediately after operation. 
The chest wall was then securely 
closed using No. 5 stainless steel wire 
around the sternum, deliberately 
avoiding costal cartilage. The subcu- 
taneous tissue and skin were usually 
closed in a single layer using No. 1 











For Irrigant 


To Underwater Drainage 





nylon or similar nonreactive, large- 
gauge suture (Fig 2). 

Two patients (patients 2 and 10) 
did not undergo mediastinal explora- 
tion. One (patient 2) was in terminal 
sepsis when mediastinitis became ap- 
parent, and no operation could be per- 
formed. The other patient (patient 
10) underwent an emergency median 
sternotomy when sudden erosion of 
the atrial suture line caused mas- 
sive hemorrhage. Both patients suc- 
cumbed. Two of the patients (patients 
3 and 5) required a second mediasti- 
nal debridement 22 and 6 days, re- 
spectively, after the initial debride- 
ment because of continued infection 
and recurrent sternal dehiscence. 
Both patients survived. 

Mediastinal irrigation was per- 
formed in 15 patients. One (patient 6) 
succumbed soon after initiation of ir- 
rigation as a consequence of over- 
whelming infection. In the remaining 
14 patients irrigation was maintained 
for 5 to 21 days and the chest tubes 
were removed up to six days later. In 
each of two instances in which a sec- 
ond sternotomy for infection was re- 
quired, irrigation of the mediastinum 
was again performed. 

The irrigant solution in nine pa- 
tients was a combination of 4 gm neo- 
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mycin sulfate and 100,000 units baci- 
tracin in 2 liters physiological saline 
solution administered by continuous 
drip over a 24-hour period. The irri- 
gant in two other cases (patients 9 
and 11) was polymyxin B sulfate 
(1,000,000 units) and bacitracin 
(100,000 units) in two liters physio- 
logical saline solution. In two patients 
(patients 13 and 16) kanamycin sul- 
fate (1 gm) and ampicillin sodium (4 
gm) were used, and in two other pa- 
tients (patients 8 and 14) ampicillin 
sodium (4 gm) and cephalothin so- 
dium (8 gm) were employed every 24 
hours. In two patients (patients 5 and 
11) amphotericin B was added to the 
regimen (100 mg every 24 hours) af- 
ter C albicans was isolated from the 
cultures. In each instance two liters 
of physiological saline solution were 
used per 24-hour period. Measure- 
ment of fluid gradient revealed no 
significant absorption of fluid volume. 

Toxic manifestations of drug ther- 
apy were usually renal. In only two 
cases (patients 5 and 11), however, 
was it found necessary to alter the 
type of mediastinal irrigant to pre- 
vent worsening renal function. Per- 
manent deafness and paralysis as 
have been reported to occur with neo- 
mycin, bacitracin, and polymyxin B 
were not seen in any of our patients." 
It is to be emphasized that in no in- 
stance were all three of these agents 
used simultaneously. 

Results of Therapy.—As indicated, 
two patients (patients 2 and 10) died 
prior to debridement, and one (pa- 
tient 6) died soon after. Of the 14 pa- 
tients treated by the recommended 
protocol including debridement and 
continuous irrigation, only four died 
(patients 7, 9, 11, and 12) and two of 
these (patients 9 and 11) developed a 
C albicans infection of the mediasti- 
num prior to death. It is of interest to 
note that both (patients 9 and 11) of 
these patients had been irrigated 
with polymyxin B and bacitracin 
rather than any of the other anti- 
biotic combinations. 

Of the ten patients who survived 
mediastinal infection, C albicans was 
found to be the most difficult orga- 
nism to treat and the most frequent 
secondary invader. While it was pres- 
ent on initial culture in two (patients 
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5 and 17) of the ten patients, it ulti- 
mately appeared to overgrow the me- 
diastinum of four other patients (1, 3, 
8, and 15). A chronic chondritis ap- 
peared in three patients (patients 3, 
5, and 17) and in each, C albicans was 
isolated. In only one patient (patient 
4) was chronic osteomyelitis and 
chondritis a significant problem, and 
in this case, E coli was the infecting 
organism. 

In the four patients with chronic 
cartilaginous infection, the only ef- 
fective therapy was resection of the 
involved rib (Fig 3). This frequently 
required several operations over a 
number of months, but ultimate erad- 
ication of the infection was finally 
achieved in each case. 


Comment 


Most published reports of pestoper- 
ative mediastinitis have predated the 
recent introduction of direct coronary 
revascularization. The incidence of 
mediastinal infection in cases not in- 
volving coronary revascularization is 
reported to be approximately 1%°” 
and in the present review the inci- 
dence was 0.9%. Following coronary 
revascularization, however, the inci- 
dence jumped to 2.7%, with nearly 
two thirds of the 17 patients with me- 
diastinitis having had coronary revas- 
cularization (Table 1). The explana- 
tion for this probably lies in the 
observation that of the 11 patients 
having coronary revascularization, 
eight had a prolonged low cardiac 
output following operation, one re- 
quired prolonged respirator support 
for hyperglycemic coma, and ene had 
closed chest massage for an arrhyth- 
mia. It was apparent that nearly all 
11 patients had severely impaired 
myocardial function prior te oper- 
ation. A review of the type ef coro- 
nary bypass peformed shows that of 
the 11 patients only two had a left in- 
ternal mammary artery utilized and 
none of the patients had bilateral 
mammary arteries employed. Dis- 
secting the internal mammary artery 
and accompanying pedicle does not 
appear to predispose to sternal infec- 
tion. 

The absence of Staph aureus infec- 
tion in this review reflects the use 
of prophylactic antibiotics. Instead 


of the common Gram-positive orga- 
nisms, resistant strains of Staph 
albus, Gram-negative infections, and 
C albicans have been responsible for 
all of the present series of postopera- 
tive mediastinitis (see tabulation 
above). Both fungal’ and bacteri- 
al’ contamination have been shown 
to occur routinely during cardio- 
pulmonary bypass and bypass has 
been shown to alter patient resist- 
ance to infection, increasing suscepti- 
bility." The duration of bypass and 
the duration of operation must be re- 
lated to the amount of contamination 
and the alteration in resistance to in- 
fection. In the present review, be- 
cause of patient selection, 12 patients 
had bypass lasting longer than three 
hours and nine had operations lasting 
beyond ten hours. Other factors pre- 
disposing to sternal and mediastinal 
infection were as follows: reoperation 
for bleeding (three patients), postop- 
erative closed chest massage (two pa- 
tients), pneumonitis (five patients), 
and low cardiac output following op- 
eration (ten patients). The latter, by 
contributing to poor tissue perfusion 
and hypoxemia, is a likely factor pro- 
moting the growth of postoperative 
mediastinal infection. Steroid ther- 
apy, utilized in four patients, could be 
associated with progression" of C al- 
bicans infection in only one of the 
four. 

The recognition of mediastinitis as 
a locus of infection was dependent 
upon sternal wound drainage (14 pa- 
tients) or sternal dehiscence (eight 
patients) or both. The first sign of 
mediastinitis was wound drainage in 
12 patients and dehiscence in three. 
Both signs were present together in 
seven patients. Evidence of infection 
by elevated temperature and leuko- 
cyte count was present in 15 of the 17 
patients, but further clinical signs 
and symptoms were lacking. Radio- 
logic evidence of mediastinitis was 
consistently absent with no dis- 
tinction possible from routine postop- 
erative changes. Candida albicans in- 
fection occurred in four patients and 
produced an unusual clinical picture 
in each of the four (patients 5, 10, 12, 
and 17). Neither sternal dehiscence 
nor purulent drainage occurred in two 
(patients 10 and 12). One (patient 5) 
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had only sternal dehiscence and the 
last (patient 17) had a normal WBC 
and an afearile course despite both 
drainage and deh scence. Two of the 
four patimi (patients 10 and 12) 
died from their irfection. 

The presert regimen for medi- 
astinitis anc sternal infection was 
first formaleted by Spencer in 1960 
and was ©issequently formalized by 
Bryant et a in 1958.° Each patient in 
our series was treated by this regi- 
men with alteration in the irrigant 
antibiotic im selected patients. De- 
spite reparts*'’ ef toxicity related 
to neomycn, Dolymyxin B, and baci- 
traein usee 2s an irrigating solution, 
no patients developed permanent 
deafness a gross neurologic abnor- 
malities aae only two patients (pa- 
tients 5 are 11) needed alteration of 
irrigant beeause of nephrotoxicity. 
The explar ation for this may be two- 
fold. First 2% sign ficant volume of ir- 
rigant was getaired in the chest or 
mediastintm :n any patient, and sec- 
ond, thedGe cf antibiotic was kept to 
rigidly proseribec levels. No more 
than 4 gra 120mycin, 100,000 units 
bacitracin, aad 1,000,000 units poly- 
myxin B was given in any 24-hour pe- 
riod in 2 livers physiological saline so- 
lution. In adtition. in no patient were 
all three ant bioties used together, 
but either i20mycin-bacitracin, or 
polymyxin kecitrarin were combined. 
All previos rublished reports of anti- 
biotic toxieity have employed higher 
coneentraters ef neomycin.™ The 
appearance of toxicity must be dose- 
and timerclated. The avoidance 
thereof is @ependent upon careful 
monitoring >? renal and auditory 
funetion. ~azients must have daily 
blood ures ritregen and creatinine 
level determinations. Audiometric 
and caloric studies should be followed 
to prevent sw dclirical hearing loss." 
If toxicity anpears, a change of anti- 
biotics is mandatory and dialysis 
should be eersidered to prevent per- 
manent inwry. The concentration of 
neomycin-Pacizrac n given should be 
individualisec depending upon renal 
funetion ard severity of infection. In 
no ease shou d it exceed the recom- 
mended limits. 

Late C a@fecins infection appeared 
in six patieris whe had not previously 
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had this organism recovered on medi- 
astinal culture. Two patients ulti- 
mately died from overwhelming in- 
fection and three developed a chronic 
chondritis. Polymyxin-bacitracin was 
the irrigant antibiotic used in the two 
patients who died. This antibiotic 
combination may, therefore, permit a 
more significant fungal overgrowth 
than any other. 

The practice of reoperation, de- 
bridement, and closure followed by ir- 
rigation is probably most effective if 
employed as soon as the diagnosis is 
made. If operation is delayed, per- 
mitting spread of the infection in the 
mediastinum as well as into the mar- 
row cavity, reoperation may fail be- 
cause the bacteria are encased in ad- 
jacent tissues. Our present protocol 
recommends the following: (1) Medi- 
astinal and sternal debridement (Fig 
1) should be done as soon as a diag- 
nosis is made. Continued therapy 
with systemic antibiotics without re- 
operation has almost inevitably been 
futile. At the time of reoperation the 
tissues should be debrided, removing 
the involved area of sternum, ron- 
geuring away 2 to 4 mm on each side 
and going back to fresh bleeding 
bone. Similarly infected mediastinal 
and soft tissues are debrided, in ef- 
fect excising the area of infected tis- 
sue. (2) Irrigation of the mediastinum 
with drainage of mediastinum and 
pleura (if indicated) should be per- 
formed using a continuous drip of 2 li- 
ters physiological saline solution con- 
taining no more than 4 gm neomycin 
and 100,000 units of bacitracin every 
24 heurs (Fig 2). (3) The sternum 
should be closed, using No. 5 stain- 
less steel wire sutures, and skin and 
subcutaneous tissue closed with heavy 
gauge nylon (single layer). (4) Irri- 
gant should be infused to remove me- 
diastinal debris and obtain a clear 
nonpurulent effluent. This usually 
takes five to seven days with irriga- 
tion generally continued for several 
days thereafter. (5) Frequent culture 
of the irrigant effluent should be 
taken to see if overgrowth with fungi 
or other organisms occurs requiring 
the addition of antifungal therapy. 
When administered, amphotericin B 
cannot be mixed with any antibiotic 
in the solution because of chemical al- 


teration and potentially harmful 
changes. (6) Mediastinal tubes should 

be removed gradually after cessation 

of irrigation if infection appears to 

be under control and drainage has 

ceased. 

The ultimate survival of ten of the 
15 patients treated by this protocol 
suggests an indication for its contin- 
ued utilization. While fungal over- 
growth of the mediastinum is a seri- 
ous problem, the instillation of potent 
topical antibiotics seems advisable in 
view of the lack of success in treating 
this condition by any other means. 


Nonproprietary Names 
and Trademarks of Drugs 


Amphotericin B—Fungizone. 

Ampicillin sodium—Alpen-N, Ameill-S, 
Omnipen-N, Penbritin-S, Polycillin-N, 
Principen/N, Totacillin-N. 

Cephalothin sodium—Keflin. 

Lincomycin hydrochloride monohydrate— 
Lincocin. 
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Discussion 


RoBERT G. CARLSON, MD, New York: ld 
like to congratulate Drs. Engelman and 
Spencer and their group for contributing 
an important method for healing mediasti- 
nal wound infection. 

I’d like to ask one question: would the 
elimination of local antibiotics increase 
survival and would it increase the patency 
rate of the vein grafts after such a treat- 
ment? 

Pd like to support that question with our 
experience with two patients. At Cornell 
Medical Center we have used the identical 
treatment, with one exception. We used 
continuous local saline irrigations and sys- 
temic antibiotics, but no local antibiotics. 
People who take care of burns know that 
local antibiotics are bactericidal, but they 
are also tissuicidal. High concentrations of 
local antibiotics injure histiocytes, macro- 
phages, and leukocytes. 

Our 54-year-old patient had mediastinal 
infection treated with your method except 
for local irrigation with saline. Four 
months later his vein graft was widely pat- 
ent by angiogram. A second patient whom 
we treated with a similar method also has 


778 Arch Surg/Vol 107, Nov 1973 


a patent graft. I wonder if the omission of 
local antibiotics might be a further addi- 
tion. 

ANGELO RIBERI, MD, Youngstown, Ohio: 
I wish to compliment the authors for 
bringing to the attention of this audience a 
very difficult complication of median inci- 
sions. 

In Youngstown, we have had a parallel 
experience with six cases, and one death, 
in a series of more than 500 consecutive 
mediastinotomies, performed mostly for 
open-heart surgery. What has to be em- 
phasized continuously to the house officers 
is the great importance of proper prepara- 
tion, the routine use of skin drapes, the 
abundant use of antibiotics, and, mostly, 
as emphasized by Dr. Carlson, the use of 
saline irrigations at the end of the proce- 
dure. 

If this complication occurs, however, im- 
mediate decompression, open drainage, de- 
bridement, rewiring, and continueus irri- 
gation with antibiotics and saline solution, 
through different tubes, using a genito- 
urinary technique, have been successful in 
our cases. We have used irrigations for at 
least two weeks after reoperation. 

However, an unexpected bonus was 
found in this complication, and that is 
the fact that we were able to assess the 
patencies of our grafts directly, and even 
to do repeat flow meter studies in two of 
these cases. 

Don R. MILLER, MD, Kansas City, Kan: I 
thought I should bring our experience of 
two cases of late Pseudomonas infection in 
the sternum to the attention of this group. 

One of these followed a miner chest 
trauma, occurring six months later. and re- 
sponded te rather extensive bony debride- 
ment and open drainage. 

The other case occurred ten years after 
median sternotomy and cardiotomy at 
another institution in a diabetic, and was 
preceded by very minor trauma over the 
sternum. 

Pseudomonas is a rare type of sternal in- 
fection, but it is extremely difficult to 
eradicate once it occurs. 

The second patient required extensive 
debridement and removal of most of the 


sternum and costal cartilages including the 
costal margin over a period of eighteen 
months. 

This was in addition to rather extensive 
use of gentamicin throughout the course of 
these operations. 

I would, therefore, like to emphasize the 
importance of early wide excision in the 
treatment of Pseudomonas infection of the 
sternum. 

Dr. ENGELMAN: As regards Dr. Carlson’s 
statement concerning the use of saline, we 
have been somewhat reluctant to discon- 
tinue the use of topical antibiotics because 
of the tenacity of this infection. Basically, 
all of the patients have been quite ill with 
mediastinal infection, and topical anti- 
biotic therapy has been remarkably effec- 
tive with only minimal toxic manifesta- 
tions in two patients. In both instances 
toxicity was manifested by renal dysfunc- 
tion which was transient in nature. In pa- 
tients having coronary bypass grafts, the 
grafts have shown no indication of closing. 

We have utilized a low concentration of 
antibiotic solution—namely, a 0.2% neo- 
mycin solution—which I feel is low enough 
not to cause either local reaction or irrita- 
tion to the tissues and has not been known 
to cause any irreversible toxicity at that 
level. 

I just want to emphasize the importance 
of maintaining no fluid gradient—that is, 
not accumulating any fluid within the 
chest. If you so accumulate fluid, it may 
well lead to accumulation in the blood 
stream of neomycin and toxicity. 

Measurement of gradient and determi- 
nation that all of the fluid that you are put- 
ting in is coming out is vital to this form of 
therapy. 

As far as Dr. Riberi’s comments are con- 
cerned, I appreciate the fact that he has 
had six cases and has utilized our therapy 
with success. 

As far as Dr. Miller’s point is concerned, 
if there is a case for topical polymyxin 
therapy, it would be in the instance in 
which you had a significant Pseudomonas 
overgrowth. Other than that, we have not 
advocated its use, as it seems to be partic- 
ularly useful just for that agent. 
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Streptokinase as an Adjunct 


to Arterial Surgery 


Alfred V. Persson, MD: Jesse E. Thompson, MD; R. Don Patman, MD, Dallas 


Twenty-four cetients with symptoms of 
arterial occlusive disease were given strep- 
tokinase. Those with sudden onset of symp- 
toms usually cemonstrated intravascular 
thrombosis amenable to streptokinase-in- 
duced thrombino ysis. Those with gradual 
onset of arteria insufficiency had athero- 
sclerotic occlusion for which streptokinase 
was of little ben=-it. 

Contraindicatiens te streptokinase were 
(1) less than tem days pestoperative, (2) se- 
vere hypertensian, (3) liver disease, (4) re- 
cent cerebrovasaiar accident, and (5) blood 
dyscrasias. It wes concluded that measure- 
ment of blood, fibrinogen, and thrombin clot 
time were necessary to control dosage; post- 
infusion arteriog-ams were necessary to 
control the result, and elective operation 
was sometimes necessary to correct the 
causative lesion. t was found helpful in (1) 
the poor-risk patent, (2) the patient with an 
active wound infection, (3) the patient 
whose thrombi are inaccessible, and (4) the 
complicated clinical situation in which oper- 
ation would be hazardous. 


| gte ote have long sought a 
practical and safe agent capable 
of lysing the intravascular thrombi 
encountered im a variety of common 
clinical disorders, therapy for which 
has been either ineffective or not 
wholly satisfactory.’ 

Used alone or s an adjunct to 
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other current methods of treatment, 
intravascular thrombolysis theoret- 
ically should improve and hasten the 
clinical results in such situations. 
Streptokinase (Streptase [Germany)]), 
a protein substance, is prepared from 
cultured filtrates of -hemolytic 
streptococci. It is a powerful inducer 
of thrombolysis. Purified streptoki- 
nase is in regular use in a number of 
European countries but not on the 
market as yet in the United States. 

We have given streptokinase as a 
continuous intravenous infusion to 50 
patients, 24 of whom had intra-arte- 
rial thrombosis. These 24 patients are 
the basis for this report. 


Material and Methods 


The patients varied in age from 33 to 82 
years, the average age of those with 
chronic disease being 74 and those with 
acute disease 66. 

All were symptomatic, having either se- 
vere claudication or rest pain or both. 
Those with sudden onset or increase of 
symptoms or both within ten days were 
classified as acute. Those with gradual on- 
set of symptoms over many months were 
classified as chronic. Nine patients were 
acute, mine were chronic, and six had vas- 
cular grafts that had thrombosed. 

All patients had arteriograms before 
and after treatment. These were usually 
femoral arteriograms done with the pa- 
tient under general anesthesia with use of 
diatrizeate sodium (50% Hypaque). Trans- 
lumbar aortograms are contraindicated 
prior tə streptokinase therapy, since pa- 
tients may develop uncontrollable retro- 
peritoneal hematomas. 


All patients had the following laboratory 
studies done prior to receiving streptoki- 
nase: (1) streptokinase resistance test, (2) 
plasma fibrinogen level determination, (3) 
thrombin clot time determination, (4) pro- 
thrombin time determination, (5) platelet 
count, (6) automated multiple analysis, (7) 
complete blood cell count, (8) ethanol gela- 
tion test, and (9) activated recalcification 
time (ART) test. 

The following protocol is used for the in- 
fusion of streptokinase. Following the pre- 
treatment arteriogram and laboratory 
studies a scalp vein needle is inserted into 
a vein in the nondominant forearm and 
2,000 ml of 5% dextrose in water is infused 
every 24 hours. Prior to the start of the 
streptokinase infusion 100 mg of hydro- 
cortisone sodium succinate (Solu-Cortef) is 
given intravenously as a bolus. A 250,000- 
unit loading dose of streptokinase is first 
given intravenously “piggyback”; the infu- 
sion is then continued at the rate of 100,000 
units/hr. The dose is either increased to 
200,000 units or decreased to 50,000 units 
depending on the fibrinogen level and the 
thrombin clot time. When the thrombin 
clot time increases to the desired levels, 
the dose is increased; when the level falls, 
the dose is decreased (Fig 1). 

During infusion determinations of 
plasma fibrinogen level, thrombin clot 
time, and prothrombin time are done every 
four hours for the first 24 hours and twice 
daily thereafter. 

Streptokinase is mixed in a 50-ml plastic 
syringe with use of 50 ml of water and 
750,000 units of streptokinase. This is then 
placed in an infusion pump for accurate 
control of the infusion rate (Fig 2). Follow- 
ing completion of a 48-hour continuous in- 
fusion of streptokinase the patients are 
given heparin sodium subcutaneously 
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Fig 1.—Laboratory results of typical patient who underwent 72-hour infusion øf strep- 


tokinase. 


when the thrombin clot time returns to 
twice its normal value. This occurs gener- 
ally 24 hours after the cessation of strep- 
tokinase. Patients continue to receive 
heparin subcutaneously for seven days. 

Three of the patients developed fever 
during the course of the streptokinase 
therapy. Seven of the patients developed 
hematomas at the site of arteriogram 
puncture. None of the hematomas was se- 
vere enough to discontinue the infusion. 

The following contraindications were 
used to exclude a patient from the study: 
(1) within ten days of major surgery, (2) 
severe hypertension, (3) liver disease, (4) 
recent cerebrovascular accident, and (5) 
blood dyscrasias. 


Results 


Patients with chronic disease had 
one iliac and eight femoral occlusions 
(Table). All of these patients had had 
symptoms for months or years and 
had such severe generalized arterio- 
sclerosis that they were not candi- 
dates for reconstructive surgery. 
None received benefit from the strep- 
tokinase therapy and none showed 
any changes on their posttreatment 
arteriograms. Nine of the patients 
were classified as acute, that is, they 
had sudden change or sudden onset of 
symptoms within ten days prior to 
being seen. Three had iliac, three 
femoral, and three popliteal occlu- 
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sions. All nine had restoration of 
pulses distal to the occlusion, and all 
had marked clinical imprevement 
with elimination of their recent 
symptoms. Three of the patients 
showed significant stenoses on the 
posttreatment arteriograms and un- 
derwent reconstructive surgery. At 
the time of surgery the stenoses in all 
cases were due to atheromatous 
plaques and not due to an intramural 
thrombosis. Six patients had clotted 
arterial grafts, which had previously 
been inserted for arterial insuffi- 
ciency. Five of the patients had pa- 
tency of the grafts restored and one 
patient with a previous vein graft for 
popliteal aneurysm received no bene- 
fit. The posttreatment arteriograms 
in these patients all showed distal ar- 
terial disease necessitating further 
surgery. In no patient with a throm- 
bosed graft was the streptokinase 
therapy successful as the only form of 
therapy. 


Report of Cases 


Case 1.—A 55-year-old white man devel- 
oped a cold, white, painful right foot ap- 
proximately six weeks after a severe myo- 
cardial infarction. An arteriogram (Fig 3) 
demonstrated complete occlusion of the 
distal femoral and popliteal arteries. He 
was given a 72-hour infusion of streptoki- 





Fig 2.—Infusion pump used to accurately 
control dosage of streptokinase. A new dis- 
posable plastic syringe was used for each 
time a vial of streptokinase was mixed. 


nase. After 56 hours he developed a pulse 
in his right foot. An arteriogram after 
treatment (Fig 4) shows restoration of pa- 
tency to the vessels but he is left with 
about 50% stenosis in the artery. We would 
generally advise endarterectomy, but the 
patient was asymptomatic and recovering 
from a myocardial infarction. It has been a 
year and a half and he has remained 
asymptomatic and has had no further trou- 
bles and refused further surgery. 

CAsE 2.—A 55-year-old white man sud- 
denly had a cold, painful, pulseless right 
leg. On further questioning he stated that 
for about a year and a half he had noted 
about two- to three-block claudication, 
which had gradually been getting worse 
but he had been able to function quite well. 
The arteriograms (Fig 5) show total occlu- 
sion of the distal femoral and popliteal ar- 
tery. He underwent a 72-hour infusion of 
streptokinase. Within 36 hours his foot was 
warm and he had a weak pulse, and at the 
end of 27 hours he had a 2- to3+ pulse. Ar- 
teriogram after treatment (Fig 6) shows a 
fairly normal distal femoral and popliteal 
artery and a stenosis of the origin of the 
superficial femoral artery (Fig 7). Since we 
felt that this was causative in relationship 
to the popliteal occlusion, the patient un- 
derwent a local endarterectomy with a be- 
nign postoperative course. It is now 14 
months after treatment and he is totally 
asymptomatic. 

CASE 3.—A 64-year-old white woman un- 
derwent a cholecystectomy with postopera- 
tive wound dehiscence and infection, and 
eventual development of a hernia. She re- 
turned to the hospital for hernioplasty and 
again developed a wound infection. Ten 
days postoperatively she suddenly devel- 
oped a very cold, painful left leg and it was 
noted that she had lost her left femoral 
pulses. She was then transferred to our 
hospital where we were faced with a pa- 
tient with an open wound infection in a 
midline abdominal incision and a compro- 
mised leg. Arteriograms show total occlu- 
sion of the left iliac artery (Fig 8). She un- 
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derwent a 72-heur course of streptokinase. 
After 36 hours she had a complete restora- 
tion of her femoral pulse and about a 2+ 
posterior tibial palse. At 48 hours she had a 
sudden pain in her cal? and loss of her pe- 
dal pulse. We continued with the infusion 
of streptokinase and she had return of her 
pedal pulse to the 2+ status. Arteriograms 
after treatment show zomplete lysis of the 
clot in the iliac ertery (Fig 9 and 10). It is 
our feeling that durirg the course of the 
infusion some oF the clot probably embo- 
lized to the femoral artery and that by con- 
tinuing infusior, most of this was dis- 
solved. Subsequent arteriograms show that 
she does have “emoral stenosis. It is 16 
months since treatment and she is now 
completely asymptomatic with about 
three- to four-bieck daudication. She has 
subsequently been reaospitalized and had 
her hernia repeired for the second time 
with an unevencful pestoperative course. 


Comment 


Arterial insufficiency may result 
when an arte-y is either stenosed or 
occluded. This cam be due to ath- 
erosclerosis wathin the artery wall or 
to in situ thrembesis or embolization. 
Streptokinase has no effect on ath- 
erosclerosis, Fut ezuses a very active 
lysis of any wbrimbased clot within 
the lumen of the vessel. It is, there- 
fore, not surprising that patients 
with gradual onset of long-standing 
arterial insufficiency receive little or 
no benefit from streptokinase, while 
those with sudden onset may benefit 
greatly.’ Tae former have ath- 
erosclerosis within the vessel wall, 
while the latter have intraluminal 
thrombosis <lone or in conjunction 
with atheroseleresis. 

During the first part of the study 
20% of the patients exhibited fever 
over 38.3 C. These patients also devel- 
oped phlebit® at the site of the infu- 
sion of strepcokinase. During the lat- 
ter part of tke study the protocol was 
changed to nfusing 2,000 ml of 5% 
dextrose anc water via a scalp vein 
needle and edding the streptokinase 
piggyback. Since this change, fever 
has been noted only rarely and phle- 
bitis eliminated. 

At first the loading dose of 250,000 
units of strestokinase was given over 
a 20-minute period. A few patients 
developed mald reactions. In the lat- 
ter part of the study the dose has 
been infusec over a 40-minute period 
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Fig 3.—Pretreatment angiogram of 55- 
year-old white man with sudden onset of 





Fig 4.—Posttreatment angiogram (case 


painful right foot (case 1). 1). 


Fig 6.—Posttreatment angiogram (case 


2). 


Fig 5.—Pretreatment femoral angiogram 
of 55-year-old white man with sudden onset 
of cold, painful, pulseless right leg (case 2). 
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and there have been no reactions. 

The only major problem at present 
is bleeding from the arteriogram 
puncture site. This has been limited 
to moderate-sized hematomas. Dur- 
ing the latter part of the study we 
have been placing a pressure dressing 
with elasticized adhesive tape over 
the puncture site with fewer and 
smaller hematomas. 

Recently, the Doppler flowmeter 
has been used for preinfusion study. 
It is our belief that as this technique 
develops the need for arteriograms 
prior to streptokinase infusion may 
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Fig 8.—Pretreatment angiogram of 64- 
year-old white woman with sudden onset of 
painful left leg and loss of left femoral pulse 
(case 3). 


Fig 10.—Posttreatment 
(case 3). 


angiogram 


be eliminated. 

All patients should have arterio- 
grams following streptokinase ther- 
apy, since many patients have com- 
bined disease, that is, an ocelusion 
from intramural thrombosis super- 
imposed on atherosclerosis. Thus, af- 
ter streptokinase therapy many pa- 
tients are found to have a significant 
stenosis, which is often amenzble to 
reconstruetive surgery. The long- 
term results in these patients are 
greatly enhanced if they undergo cor- 
rective surgery. Several patients who 
appeared to be inoperable prior to 


streptokinase therapy, because of 
inadequate runoff, were found to have 
a reconstructable lesion following ad- 
ministration of streptokinase. 

The drug has been very helpful in 
the following cases: (1) the poor-risk 
patient, (2) the patient with an active 
wound infection, (3) the patient 
whose thrombi are inaccessible, and 
(4) the complicated clinical situation 
in which operation would be hazard- 
ous. 

The mechanism of action of strep- 
tokinase has received much study. 
The diagram (Fig 11) best explains 
its action.’ 

If there is overactivity as shown by 
an increased thrombin clot time and 
decreased fibrinogen, one increases 
the infusion of streptokinase from 
100,000 units to 200,000 units/hr. This 
ties up all the available plasminogen 
as activator, leaving less to be con- 
verted to the active enzyme, plasmin. 
The converse is also true, that is, if 
there is a decrease in the activity as 
shown by a decrease in the thrombin 
clot time and increase in fibrinogen, 
one decreases the infusion rate to 
90,000 units/hr, thus leaving more 
plasminogen to be converted into 
plasmin. It has been estimated that 
the ratio of activator to plasminogen 
is 10:1, ie, 1 mol of activator will acti- 
vate 10 mols of plasminogen. 

It is also apparent that following 
infusion of streptokinase there is a 
large amount of activator still circu- 
lating. Therefore, patients exhibit an 
increase in activity for an additional 
24 hours, depending on the amount of 
activator present at the end of the in- 
fusion. 

There are two sources of plasmino- 
gen to be activated. One is the circu- 
lating plasminogen and the other is 
the plasminogen trapped in the clot 
when it was originally formed. Strep- 
tokinase activates both of these 
sources of plasminogen, although 
studies of clotting, thrombin clot 
time, and fibrinogen level measure 
only the effects of the circulating 
plasminogen. Thus, a patient who has 
a moderate response to streptokinase, 
as determined by the laboratory re- 
sults, may have a good clinical re- 
sponse. 

We have given streptokinase to six 
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patients witk thrombosis of previ- 
ously plaeed a~-erial grafts. Two were 
Dacron grafts in the iliac position, 
three were bovine heterograftsandone 
a saphenous vein graft in the fem- 
oral position, and one was a saphe- 
nous vein graft in the popliteal posi- 
tion. The five in the iliac and femoral 
positions were opened with use of 
streptokinase <herapy, while the one 
in the pepliteal pesition received no 
benefit. The patient with the occluded 
popliteal vein had had the occlusion 
for approximately eight weeks. The 
remaining fiv had had occlusions for 
only a few deys. Cne of the patients 
with a Dacrom graft in the iliac posi- 
tion has ~eceived long-term benefit as 
the graft is sti] patent six months af- 
ter therapy. Ir all the rest the grafts 
became -elotted within a short time 
after cessation of streptokinase ther- 
apy, because of the progression of 
atheroscieros& distal to the graft 
since the graft was originally in- 
serted. Ia gereral, we have found the 
use of strepcokinase therapy for 
opening arterial reconstructive grafts 
successful over the short-term but of 
little value in the long-term care of 
these pa-ients. 
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Ciscussion 


Makis Tsapoeas, MD, Albany, NY: Drs. 
Persson, Bhomyson, and Patman are to be- 
commended for zheir significant contribu- 
tion on the role of fibrinolytic enzymes in 
arterial oclusia~ We have found that both 
streptokimase end urokinase are equally 
effective in cCissolving recent arterial 
thrombi im experimental animals and in 
patients. Ve fevor, when technically fea- 
sible, the loeal intra-arterial route as the 
dose of the enzyme required is relatively 
small ane the side effects, particularly 
bleeding, are umecommon. This is a distinct 
advantage, parzicularly in patients in the 


Arch Surg/Vol 107, Nov 1973 
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(14 life = 2 hours) 


Streptokinase is thus an activator of the body’s normal fibrinolytic systems. 


Fig 11 —Mechanism of action of streptokinase. 


postoperative period. We obtained satis- 
factory results in localized, recent arterial 
thrombosis, mainly up to two days from 
the onset of the acute ischemic symptoms. 
The effeet of therapy was objectively as- 
sessed by daily arteriography easily per- 
formed through the intra-arterially placed 
catheter. In extensive recent arterial 
thrombosis gradual dissolution can be 
achieved but the time required for the 
complete clearance to occur may be incom- 
patible with the survival of the extremity. 
In these patients, therefore, we favor sur- 
gical removal of the thrombus and if the 
distal vessels are still occluded, enzymatic 
therapy follows. We, too, have found that 
fibrinolytic therapy is effective in recently 
thrombosed arterial grafts. However, the 
rate of rethrombosis is high, as a technical 
error is usually the cause, and this ob- 
viously has to be surgically rectified. We 
believe that enzymatic therapy is not ef- 
fective in atherosclerotic occlusions. On the 
other hand we found that a significant 
number of such patients have depressed 
endogenous lytic activity. Agents such as 
ethylestrenol and phenformin hydrochlo- 
ride or stanozolol, which enhance this ac- 
tivity, may play a role in diminishing the 
rate of the chronic occlusive process. More 
work is needed to establish this point. May 
I ask the authors the following questions: 
Have they found a significant difference in 
the dissolution between thrombi up to 
three days old and those up to ten days old? 
Have they used heparin following strep- 
tokinase therapy to decrease the incidence 
of rethrombosis? Finally, did the authors 
use ethylestrenol and phenformin or stan- 
ozolol on atherosclerotic patients. 

ALLAN R. Downs, MD, Winnipeg, Mani- 
toba: We have not used streptokinase for 
arterial occlusions, but have used it for 
massive pulmonary embolism. 

We had a patient who had undergone an 
abdominal aortic aneurysm repair. He had 
been discharged ten days postoperatively 
with an uneventful postoperative course, 
and was readmitted 17 days later with 
acute dyspnea and an arterial oxygen 
pressure of 46 mm Hg. He was treated 
with 250,000 units of a streptokinase load- 


ing dose, and 125 units/hr following that. 
His pulmonary status improved, but 24 
hours after initiating treatment he devel- 
oped severe back pain. This increased in 
severity over seven hours, at which time 
the streptokinase therapy was stopped. 

He required 6 units of blood for the ret- 
roperitoneal hemorrhage. Fortunately, he 
recovered satisfactorily. 

It is our assumption that the retroperito- 
neal bleeding 27 days after the insertion of 
the prosthesis was due to the dissolution of 
fibrin in the knitted graft by streptoki- 
nase. I think it is important to recognize 
the potential complication of hemorrhage, 
even up to four weeks postoperatively, and 
I ask Dr. Persson and his group if they 
have observed any bleeding from grafts in 
their patients. 

MICHAEL Hume, MD, Jamaica Plains, 
Mass: We have had a modest success with 
the use of streptokinase in stable, stenotic 
arterial lesions. We would like to call at- 
tention to the fact that we believe that this 
success is most likely to occur in patients 
who have circulating split products in their 
blood. These are demonstrated with the se- 
rial dilution protamine sulfate test, or the 
staphylococcal clumping test. 

Where these split products are not 
found, we have not had success with these 
stable arterial lesions, and I wonder 
whether the authors of this paper have 
used these tests and have any similar ob- 
servations. 

DONALD SILVER, MD, Durham, NC: After 
utilizing thrombolytic agents, urokinase 
and streptokinase, during the past few 
years, I have come to the conclusion that 
the results obtained with these agents are 
unpredictable and may be associated with 
an undesirable morbidity and mortality. 
Ten percent to 50% of patients receiving 
streptokinase have febrile reactions. If 
streptokinase or urokinase are not moni- 
tored carefully, bleeding may result (45% 
bleeding with urokinase in the National 
Urokinase-Pulmonary Embolism Trial and 
20% to 40% bleeding with streptokinase). 
Because of these problems, I feel that 
these agents should be limited to the treat- 
ment of venous occlusive disorders where 
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the results of surgery are poor; small, pres- 
ently irreconstructible arterial occlusions; 
and to attempts to avoid major arterial re- 
constructive surgery in a high-risk patient. 
Surgical reconstruction, ie, thromboembo- 
lectomy, should be the preferred method of 


treatment for arterial occlusion by throm- — 


boemboli. 

I would like to ask the authors whether 
they think vascular surgeons should sub- 
ject a patient with a significant arterial 
thrombotic occlusion to thrombolytic ther- 
apy with its unpredictable results, or 
whether the vascular surgeon should do a 
thrombectomy (or embolectomy)? In my 
experience, thromboembolectomy is usu- 
ally associated with predictable, good re- 
sults. 

In summary, data available at present 
indicate that arterial occlusions are best 
treated by arterial surgery and that 
thrombolytic agents are best reserved for 
thrombotic occlusions of veins and small 
arteries. 

Dr. Persson: First of all, let me state 
very clearly that we are surgeons. We, too, 
would agree that in many cases of acute 
arterial occlusion an arteriotomy and use 
of the Fogarty catheter is the treatment of 
choice. But there are many patients in 
whom this is unduly risky, even though we 
usually do this with the patient under local 
anesthesia, and these are the patients with 
infection, the aged patients, and so forth— 
many of the patients that we have de- 
scribed. As we demonstrated, many of 
these patients have combination problems. 
In those with occlusion in the tibial vessels 
our results have not been nearly as good as 
they have been with the bigger vessels. 

One of the primary indications for sur- 
gery, as opposed to streptokinase therapy, 
is the fact that you have to be sure that the 
patient can stand 24 hours’ further occlu- 
sion. That is, does he have nerve deficit, ie, 
a foot drop, or a partial foot drop at the 
time that you see him. He is not a candi- 
date for streptokinase therapy. This pa- 
tient has to have his circulation restored 
immediately, or you are going to have a 
patent vessel and a permanent foot drop. 
And this has been one of the criteria that 
we have used that I did not mention. 

I was asked whether we anticoagulate 
the patients after streptokinase treat- 
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ment. Yes, we do. We give heparin for at 
least seven days, and usually discontinue 
administering it at that point, and do not 
in most cases use warfarin sodium (Cou- 
madin), although we have in some cases. 

We have found very little difference be- 
tween a patient who is two days or five 
days or a week old in his thrombosis, but 
we have found that ten days seems to be 
the magic number, although most patients 
come for treatment either when they have 
had their occlusion within a week, or have 
had it six months. Usually if it is not se- 
vere enough, they will wait and you will 
see them several months later. We have 
had no suecesses with long-standing occlu- 
sions. 

We, too, have treated patients with pul- 
monary emboli, and we have five patients 
who have had pulmonary emboli, as dem- 
onstrated by angiogram, and we have had 
five successes. 

We had one patient who, three weeks af- 
ter insertion of a graft for an aortic aneu- 
rysm, we were asked to see because he de- 
veloped a thrombosis of the cavernous 
sinus and was in a coma, and it was felt 
that this man was going to die of this com- 
plication; and although we were aware of 
the problem of bleeding with his recent 
graft, we thought that there was no other 
treatment available for this man. 

We gave him streptokinase, and in about 
18 hours he had drop in his blood pressure 
and an inerease in his pulse rate, and we 
discontinued the streptokinase therapy 
and gave him some aminocaproic acid 
(Amicar). He did not need a transfusion, 
but his hematocrit reading dropped ap- 
proximately ten units. He did not receive 
any benefit from the streptokinase, that is, 
he went on in his comatose state for eight 
months as a “vegetable” and finally died. 
But that is our only experience with a 
graft. 

We, too, have done a lot of peripheral co- 
agulation studies, that is, coagulation stud- 
ies other than are absolutely necessary for 
the administration of streptokinase, and 
we have done the protamine precipitate 
test, split products determination, and so 
forth, and have not found any particular 
correlation of a predictive value, although 
we have found patients who do not have 
any split products, or do not indicate that 


they are activating their own fibrinolytic 
system, do not get as good results, and this 
we have found more in the patients with 
deep vein thrombosis than we have in 
those with arterial thrombosis. 

Apparently, the patients with a small ar- 
terial occlusion, particularly since a lot of 
these are emboli—are not patients who are 
thrombosing, as opposed to the patients 
with venous occlusions who have abnormal 
clotting study results—pretreatment with 
split products and positive ethanol gelation 
findings, which indicates that active in- 
travscular coagulation is going on. We 
have found these quite valuable in terms 
of predicting whether the patient is going 
to get a result or not. 

The other thing that we have found is 
that we have been measuring plasmin and 
plasminogen, and if the plasminogen level 
(although it’s a fairly crude test that we 
have been using) is low, then we do not get 
a good result. But the interesting thing is 
that, of the three patients in whom this has 
been the case, all had systemic cancer. And 
so whether this is causative in relationship 
to the high incidence of deep vein throm- 
bosis in a patient with generalized cancer, 
whether it is related to the clotting studies 
or not, is open to speculation. 

We found that early on in our studies we 
were getting a lot of patients with fever, 
and this was a problem, but we discovered 
that what was happening was that we 
were giving the infusion directly, mixing 
the streptokinase up in a syringe and con- 
necting it with the infusion pump, and we 
were getting a high incidence of phlebitis; 
but it took us awhile to realize what was 
going on, because very often the patient 
would have a fever, and maybe a day or so 
later he would have clinical evidence of 
phlebitis, or the other way around. 

Now we are starting our intravenous in- 
fusion in the forearm and running in 2,000 
ml of dextrose and water and giving the 
streptokinase intravenously piggyback, in 
a manner similar to giving cephalothin and 
such things as this, and we have not had 
any fevers of significance. We have had 
one patient with a fever of 38 C, I think, 
but nothing since then, and we have had no 
incidence of phlebitis, by simply diluting 
our solutions. 
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Angiographic Evaluation in 


Extracranial Vascular Occlusive Disease 


Charles R. Simmons, MD; Eric Tsao, MD; Louis L. Smith, MD; David B. Hinshaw, MD; Joseph R. Thompson, MD, Loma Linda, Calif 


Studies of the extracranial and intracranial 
cerebral circulation have been performed by 
arch arteriography and selective angiogra- 
phy in 2.384 >atien-s with an incidence of 
major neurolagical complications of 0.5% 
and one death. The need for visualization of 
the arch, as weil as the extracranial and in- 
tracranial arteries im most patients, is il- 


j ra beneñcial value of vascular 
reconstruction for the relief of 
significant extracranial occlusive dis- 
ease has been well established. Uni- 
form opinion prevails that surgical 
treatment must be preceded by an- 
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lustrated by cases of unsuspected tumors, 
proximal and distal stenoses, well-developed 
collateral circulation, and by detailed visual- 
ization of plaques on coned-down views. The 
elimination of ‘‘pseudo-occlusions"’ result- 
ing from other techniques has been another 
advantage. 


giographic evaluation.'? There is a 
difference of opinion as to what con- 
stitutes adequate angiographic eval- 
uation of the brachiocephalic and 
cerebral circulation.*® Methods em- 
ployed include direct percutaneous ca- 
rotid needle puncture, combinations 
of brachial and carotid punctures, and 
aortie arch injection alone, with or 
without subtraction technique. We 
believe that these procedures fail to 
provide the surgeon with adequate 
preoperative information regarding 
the extracranial and intracranial cir- 


Fig 1.—Left, A%67-year-old man with transient episodes of right hemiparesis. Eccentric left 
common carotid plaque (open arrow). Concentric stenoses left proximal internal carotid `ar- 
tery (closed arraw). Right, Bilateral chronic subdural hematoma (curved arrows). 
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culation. Direct carotid puncture in 
the presence of atherosclerosis is po- 
tentially hazardous. It has become in- 
creasingly clear that optimal man- 
agement of patients with transient 
ischemic attacks demands precise 
demonstration of the entire intracra- 
nial and extracranial cerebrovascular 
system. Visualization of the extra- 
cranial circulation by arch injections 
alone’ will result in substandard visu- 
alization of the neck vessels in some 
instances. Pertinent nonvascular in- 
tracranial disease may be missed in a 
small but significant number of pa- 
tients having stroke-like symptoms,’ 
when selective angiography is not 
performed. The faint visualization 
and superimposition of the intraera- 
nial vessels, obtained by means of an 
arch injection, will often obscure sub- 
stantial, high internal carotid ste- 


Fig 2.—A 76-year-old comatose woman 
with left frontal intracerebral hematoma. 
Round shift of anterior cerebral artery to 
right (open arrow). Lateral crowding of 
middle cerebral branches (closed arrow). 
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Fig 3.—A 64-year-old man with multiple 
transient ischemic attacks for several 
months. Bilateral neck bruits. Combined 
left internal carotid stenosis (open arrow) 
and external carotid-internal jugular fistula. 
Early venous return in internal jugular vein 
(closed arrow). 


Fig 4.—A 70-year-old woman with two 
weeks of right hemiparesis and aphasia. 
Critical left internal carotid stenosis (closed 
arrow). Occlusion of left middle cerebral ar- 
tery (open). 


786 = Arch Surg/Vol 107, Nov 1973 





nosis and small intracranial branch 
atherosclerosis. Incomplete eval- 
uation of collateral flow results from 
arch injection in most instances. 
Recent reports indicate that mi- 
croembolism from irregular and ul- 
cerated plaques plays a much more 
important role in transient cerebral 
ischemia than previously believed.®° 
Hemodynamically insignificant plaques 
have been found to be sources of em- 
boli, while smooth plaques are less 
likely to be a source of embolism. 
Only methods that demonstrate the 
arch, brachiocephalic vessels, and in- 


tracranial circulation in optimal de- 
tail and multiple projections are ade- 
quate for detecting possible sources 
of embolism. 

Complete angiography is important 
also in multiple stenoses. One would 
expect less gratifying results from 
carotid bifurcation endarterectomy 
when there is an irregular plaque or a 
high-grade stenosis of the proximal 
common carotid artery. The status of 
intracranial collaterals in the circle of 
Willis provides vital information in 
planning a sequence of operations on 
multiple-vessel stenoses. In single- 


Fig 5.—Left, A 70-year-old man with transient ischemic attacks. Severe stenosis of left ca- 
rotid bifurcation and internal carotid (open arrow). Right, Intracranial study on left shows 
apparent aplastic horizontal portion of anterior cerebral artery or the A-1 segment (curved 
arrow). Bottom, Contralateral injection reveals good collateral from right carotid and a well- 
developed A-1 segment (closed arrew). 
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vessel stenosis, the nature of intra- 
cranial collatevals may dictate 
whether an intrsoperative shunt will 
be necessary. 

The usual reasons given for incom- 
plete angiog-apay of the cerebral 
circulation relate to complication rate 
and teelmical difficulties. It is true 
thet patients with atherosclerosis 
face relatively high risk. Angio- 
graphic compllica-ien rates up to 27% 
have been r=ported; however, the 
Joint Study » Extracranial Arterial 
Occlusion reports an average of 
1.2%." Many >of -hese are transient 
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and relatively unimportant. The 
anatcmy of the vascular system in 
the ederly has been a serious deter- 
rent to complete angiography. Fea- 
tures of the vascular system in el- 
derly patients that make selective 
catheterization difficult are (1) tor- 
tuosity and stenosis of the aorto-iliac 
vessels; (2) dilation and elongation of 
the aertic arch; (3) acute angulation 
of the branches of the aortic arch; and 
(4) tortuosity of the brachiocephalic 
arteries. We have developed a versa- 
tile catheter system that has sharply 
reduced the amount of catheter 


Eog 


Fig 6.—A G3-year-olc man with two episodes of left hermaparesis followed by gradual recov- 


ery. Ninety percert rizht internal carotid stenosis (Oper arrow) with organized thrombus 


(closed arrow). 


Fig 7.—Let, A 42-year-old man with episode of diplopia and dizziness. On coned-down 
view, a discrete ulsera~iv2 plaque is well seen at origin of left internal carotid (open arrow). 
Cente” and ght, t is obscured on both frontal and lateral carotid studies. 
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manipulation required for complete 
demonstration of the brachiocervico- 
cephalic circulation with minimal com- 
plications. No serious, permanent neu- 
rological deficit was encountered in a 
series of 213 patients. 

Our current, routine angiographic 
study of patients with extracranial 
disease includes the following: 

1. Visualization of the aortic arch 
branches. This discloses proximal oc- 
clusive disease and provides a display 
of arch anatomy. 

2. Selective demonstration of both 
carotid arteries and cerebral vascula- 
ture. 

3. Additional coned-down views of 
the carotid bifurcation. 

4. Vertebrobasilar visualization in 
most cases. 

5. Postreconstruction 
tive angiogram. 

Exceptions occur, and examina- 
tions are modified according to need. 
Unusually high-risk patients receive 
a modified study. In patients with re- 
cent cardiac decompensation, the 
angiographer may proceed cautiously 
to selective studies, omitting the arch 
injection. Conversely, on arch studies 
that show a critical proximal stenosis 
of an aortocervical vessel, selective 
study of the involved artery is 
avoided. During the last four years, 
we have performed studies on 2,384 
patients. The incidence of permanent, 
serious neurological deficit has been 
0.5%, and there was one death. 

The advantages of this approach 
include the following: 

l. Delineation of unexpected tu- 
mors, vascular malformations, subdu- 
ral and intracerebral hematomas, and 
other nonvascular diseases mas- 
querading as stroke or combined with 
vascular occlusive disease (Fig 1, left 
and right, 2, and 3). 

2. The association of significant oc- 
clusive disease in the proximal inflow 
and distal (runoff) circulation (Fig 4). 

3. Demonstration of collateral cir- 
culation available to support cerebral 
perfusion during arterial occlusion 
for reconstruction (Fig 5, left, right, 
and bottom). 

4. More precise delineation of 
stenotic segments and ulcerated 
plaques by coned-down views (Fig 6, 
7, left, center, and right, and 8, left 


intraopera- 
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(curved arrow). 


Fig 10.—A 50-year-old diabetic with bilat- 
eral intermittent visual loss. Clinical picture 
suggested vertebrobasilar insufficiency. 


Both common carotid arteries.are occluded. 
Vertebral arteries (closed arrows) provide 
major intracranial supply. 
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Fig 8.—Left, A 57-year-old man with effort-related syncopal epi- 
sodes. Critical stenosis origin of brachiocephalic trunk (closed ar- 
row). Occlusion of both internal carotid arteries at origin (open ar- 
row). Right, High-grade stenosis origin of left vertebral artery 











Fig 9.—Left, A 67-year-old woman had three episodes of right 
hemiparesis lasting several days over a period of four months. Di- 
rect left carotid puncture showed apparent complete occlusion of 
distal common carotid artery. Right, Results of subsequent catheter 


study shawed patency; however, a branch of left middle cerebral ar- 
tery was found to be occluded. 


Fig 11.—Left, Intraoperative post- 
reconstruction angiogram initially shows 
completely occluded internal carotid (closed 
arrow). Arteriotomy performed and repair of 
atheromatous extension was made. Right, 
Final result is satisfactory. 








and right). 

5. Elimination of pseudo-occlu- 
sions’? that are occasionally diag- 
nosed from direct carotid puncture 
and limited arch studies (Fig 9, left 
and right). 

6. Precise demonstration of vascu- 
lar anatomy and exclusion of distal 
stenosis in patients in whom subcla- 
vian-internal carotid or common ca- 
rotid-subclavian bypass grafts are 
anticipated. Unless selective studies 
are performed, there will be inade- 
quate opacification of patent runoff 
maintained by collateral circulation. 

7. Evaluation of the relative contri- 
bution to symptoms caused by carotid 
vs vertebrobasilar occlusive disease 
(Fig 10). 

8. Intraoperative angiographic con- 
firmation of satisfactory endarterec- 
tomy. Palpation of a carotid bifurca- 
tion pulse following reconstruction is 
a notoriously unreliable means for de- 
termining patency following endar- 
terectomy. 

Blaisdell and associates'* have em- 
phasized the importance of angio- 
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graphic assessment of patients 
undergoing zaret.d surgery. They re- 
ported that 25% of angiograms taken 
at the complet on of carotid endar- 
terectomyshowedan unsuspected tech- 
nical error. Storey et al'* and Plecha 
and Pories'* hawe reported a similar 
experience when routine postrecon- 
structien anziorrams were obtained. 
Figure 11, left shows a post- 
reconstructien angiogram. The ath- 
eroma was taowght by the surgeon to 
“tail out” nicely. The angiogram 
showed complet2 occlusion. The inter- 
nal carotid zrtæy was reopened, and 
an additional 8-nm atheromatous ex- 
tension was remeved; a final angio- 
gram showed = patent internal ca- 
rotid artery (*ig 11, right). The 
patient made ar uneventful convales- 
cence. 

We believe hat a more precise 
prognesis of patients with multiple- 
vessel stenoses :an be made with the 
knowledge of the entire eerebral cir- 
culation. Prognestication without 
knowledge cf @llateral pathways is 
essentially mea aingless. 

Evidence has been presented to 


D. Nown, MD, Jacksonville. Fla: I would 
like to eempliment the authors on this very 
interesting paper and make a few com- 
ments. 

First øf all, I think it should be pointed 
out that the presenee of occlusive disease 
in the great veseb arising from the aortic 
arch cam usualy be detected dinically, thus 
indicatimg that an aertic arch study should 
be performed rather chan proceeding direct- 
ly with percutaneous puncture of the ca- 
rotid arteries. 

I also wish to make the pont that most 
of the errors in mterpretation of percu- 
taneous earotid arteriograms that are due 
to extravasatien of dye can be avoided by 
injecting-a small emount of dye and view- 
ing the inject on by fluoroscopy prior to 
making the final irjections and taking per- 
manent films. 

With respect te zhe danger of percu- 
taneous puncture of the carotid artery, 
there are man” faeters most of which can 
be avoided by cazeful clinical evaluation 
and metieulous tecamique at the time of ar- 
teriography. Cartainly, the time that one 
spends im doirg an arteriographic study 
has some-effect on the incidence of compli- 
catiens, and, it experienced hands, percu- 
taneous arteriegrasby can be performed in 
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support the thesis that complete arch 
and cerebral angiography is neces- 
sary and can be performed safely on 
most patients with extracranial vas- 
cular occlusive disease. The informa- 
tion obtained from a complete study 
can enhance the medical manage- 
ment and particularly the operative 
treatment of this widespread disease. 
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Discussion 


a much shorter period of time than a selec- 
tive catheter four-vessel study. Also, in my 
opinien, the danger of dislodgment of a 
small plaque or piece of atheromatous ma- 
terial with subsequent embolization is 
greater than using a catheter than when 
performing percutaneous puncture of the 
carotid arteries with sharp disposable nee- 
dles. When using a catheter, I feel that it 
is extremely important to irrigate the 
catheter at frequent intervals in order to 
prevent formation of a clot on the tip of 
the catheter or within the catheter lumen. 

In general, I wish to say that I agree 
with the authors that a selective catheter 
four-vessel study is the ideal approach in 
the evaluation of patients suspected of 
having symptoms of cerebral vascular in- 
sufficiency. However, in poor risk elderly 
patients without clinical evidence of dis- 
ease in the proximal great vessels and who 
have symptoms of carotid rather than ver- 
tebral artery insufficiency, I feel that per- 
cutaneous carotid arteriography is a sim- 
pler and safer procedure that can be 
performed in a period averaging 15 or 20 
minutes. 

Francis S. GERBASI, MD, Grosse Pointe 
Shores, Mich: I enjoyed this paper very 
much, too, and we have been doing these 
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complete studies for a good number of 
years, but there are always a few things 
that disturb me when we do this, and one is 
this: How do you test for sensitivity to this 
radiopaque material that you are using? 

Second, when you are doing a complete 
study like this, since you do have to use 
quite a bit of radiopaque material, what do 
you use as your limit of how much radio- 
paque material you are going to inject? 

Also I’d like to know whether you use 
premedication; if so, what kind? 

WILLIAM K. EHRENFELD, MD, San Fran- 
cisco: I enjoyed Dr. Tsao’s presentation 
very much, and agree with many of his 
conclusions. We have long been proponents 
of full four-vessel studies. We have no- 
ticed, however, that it is the arch injection 
that is generally responsible for the neuro- 
logical deficits, so in selected patients we 
modify this, and do not do this in the in- 
stance where there is no indication that 
there is proximal disease of the arch ves- 
sels, and restrict our studies to injection 
just to the carotid. In general, however, we 
agree with the full four-vessel concept. 

Dr. Tsao: I thank all of you for your 
kind remarks. 

In answer to Dr. Nunn’s question, we 
feel that it is sometimes difficult to clini- 
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cally determine whether there is proximal 
aortocervical vessel disease. In fact, we 
have encountered several patients in whom 
the carotid pulse was not well felt, although 
it was revealed patent on the arch study. 

I’m not knocking the direct percu- 
taneous carotid studies for they have been 
a mainstay of the selective study. In good 
hands and with proper technique, they are 
definitely a very valuable tool, but we feel 
that the catheter technique is still more 
versatile. The catheter technique does re- 
quire more skill and a proficient, concen- 
trated team effort, for, in unskilled hands, 
it may result in increased procedure time 
and a higher complication rate. 

It is interesting that Dr. Gerbasi raised 
the question of contrast sensitivity. Dr. 
Judkins, our department chairman, has a 
special interest on this topic. As you all 
know, contrast sensitivity is allegedly 
more common with intravenous injection 
than with arterial injection. We feel that 
this is tied to the fact that patients under- 
going arterial studies are generally given 
premedication, and, therefore, most of the 
so-called serious reactions are due to 
vasovagal episodes. 

We monitor our patients from the time 
they enter the cardiovascular laboratory 
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room until the time they leave it. When- 
ever evidence of bradycardia is seen, 0.4 
mg of atropine is given intravenously. 
Without monitoring, this bradycardia 
could not be detected, and the patient could 
easily become hypotensive and eventually 
develop cardiac arrest. 

In addition to a 0.4-mg intramuscular in- 
jection of atropine, we give 5 or 10 mg of 
diazepam. In our cerebral cases, we have 
used an adcitional 4 mg of dexamethasone. 
We have tried to avoid meperidine hydro- 
chloride beeause it tends to lead te hypo- 
tension, particularly in elderly patients. In 
patients undergoing cerebral studies, this 
may have ill effects. 

Now, I’m sure that the so-called true al- 
lergic reaction does occur. We have had 
several cases of rashes, such as urticarias; 
but we feel these are of no serious conse- 
quence. It’s the so-called anaphylaccoid re- 
action with cardiac arrest that concerns us, 
and we feel that it’s really on the basis of 
vasovagal episodes. We have, however, not 
yet encounzered a case of true anaphylac- 
toid reaction in our series. 

The volume of contrast that can be used 
safely depends on many factors. If the pa- 
tient’s cardiac status and renal functions 
are good, one can repeat injections. The 


patient may tolerate large amounts of con- 
trast material; however, we do not recom- 
mend indiscriminate injections. In the 
past, it was necessary to be overcautious, 
mainly because of the toxicity of contrast. 
With recent improvements in contrast me- 
dia, we have now had patients, particularly 
in visceral cases, who have received nearly 
300 ml of contrast material. Of course, tol- 
eration depends upon the period of time in 
which the contrast material is given, cath- 
eter placement, and type of contrast me- 
dium selected. Obviously, one cannot inject 
this amount of contrast into the brain. 

Dr. Ehrenfeld and his associates in San 
Francisco have been foremost as propo- 
nents of complete angiographic evaluation. 
The complication rate of arch study alone 
has been enumerated by several authors as 
being quite significant; but, in our series, 
this has been extremely low. We have, 
therefore, not been hesitant in employing 
it in our study. 

In conclusion, I do not wish to give the 
impression that we are rushing headlong 
into a selective study. Every study is done 
with painstaking precaution to ensure that 
the complication rate is low, and this 
method has worked out very well for us. 
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Limited Indications for 
Unilateral Aortofemora] 
or lhofemoral Vascular Grafts 


Stuart A. Levinson, MD; Harold J. Levinson, MD; L. Gregg Halloran, MD; 
James W. Brooks, MD; Ronald J. Davis, MD; James 8. Wolf, MD; Hyung M. Lee, MD; David M. Hume, MD,‘ Richmond, Va 


The resurts of 65 unilateral grafts were 
compared with those of 95 bifurcation grafts 
in the treatment of aorteiliac occlusive dis- 
ease. Although the cperative mortality was 
similar im beth groups, the five-year patency 
rate of the unileteral grafts (52.1%) was 
markedly less than that seen in the bifurca- 
tion grafts 78.3%). Further surgery on the 
contralateral, aortoiliac system was required 
in 16.9% of patients whowreceived unilateral 
grafts. 


‘Spree controversy exists 
regarding which of several avail- 
able surgical techniques to employ in 
the correction of apparently unilat- 
eral, aortiliae ecclusive disease. 
Initially, the urilateral operative ap- 
proaches sach as iliofemoral or aor- 
tofemeral grefts," axillofemoral 
grafts,“ aœ femoral-femoral cross- 
over greft= were devised and advo- 
cated for elderly, pcor-risk patients 
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who appeared too ill to withstand a 
major, transabdominal, aortofemoral 
revascularization. More recently, 
however, the relative simplicity of 
these procedures has led to their utili- 
zation in younger, good-risk patients 
in preference to the standard, bifur- 
cation graft, with the assumption 
that long-term patency will not be 
compromised.°*:’ 

The present study was undertaken 
to determine if unilateral, iliofemo- 
ral, or aortofemoral grafts actually 
compare favorably with the trans- 
abdominal, aortofemoral bifurcation 
graft in the treatment of predomi- 
nantly unilateral, aortoiliac occlusive 
disease. 


Clinical Data 


During the period from 1962 to 1972, 
there were 65 patients on the combined 
vascular surgery services of the Medical 
College of Virginia and McGuire Veterans 
Administration Hospital who had ischemic 
signs or symptoms or both primarily in one 
leg, and who had arteriography that dem- 
onstrated predominantly one-sided, aortoil- 
iac occlusive disease. These patients were 
revascularized with unilateral, aortofemo- 
ral or iliofemoral grafts, the majority of 


which were inserted through a retroperito- 
neal operative approach. During this same 
time interval, 96 additional patients with 
aortoiliac occlusive disease had an aorto- 
femoral bifurcation graft inserted trans- 
abdominally. Only those patients who 
underwent elective aortoiliac revasculari- 
zation for occlusive disease were included 
in this study. This excluded those patients 
who underwent emergency surgery for 
acute, aortoiliac thrombosis, or those who 
had a concomitant aortic aneurysmectomy. 
The unilateral group exhibited a mean 
age of 61 years with a range of 38 to 91 
years, whereas the mean age in the bifur- 
cation group was 56 years with a range of 
36 to 74 years. The clinical presentation of 
both groups is summarized in Table 1. The 
initial complaint was rest pain, and/or ul- 
cer or gangrene in 69.8% of the patients 
who had a unilateral graft, whereas the 
threat of limb loss was present in only 
47.3% of the patients who had a bifurcation 
graft. Disabling, intermittent claudication 
was the indication for surgery in the re- 
mainder of the patients in both groups. 
Utilizing the classification provided by 
Duncan et al," all patients were categorized 
on the basis of their preoperative arterio- 
graphic findings (Table 2). Those patients 
who underwent a unilateral procedure had 
a 20% higher incidence of combined inflow 
and outflow disease than the bifurcation 
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Ulcer or Gangrene 





Table 1.—Signs and Symptoms 


Claudication Unilateral, % Bifurcation, % 
1-2 Block 11.1 29.5 
14, Block 19.1 23.2 
Rest Pain 28.6 23.2 
69.8 47.3 


41.2 





24.1 


Table 2.—Arteriographic Distribution of Lesions 


LL —————e—— 


Description 
Aorta and common 
iliac involvement 


Aorta, common and 
external iliac involvement 


Aorta, common and 
external iliac involvement, 
plus superficial femoral 
occlusion 

Aorta, common and external 
iliac involvement, plus 


superficial femoral occlusion 


with poor tibial runoff 


Fig 1.—Retroperitoneal incision in lower 


part of abdomen, which allows access to 
distal-most aorta and entire iliac system. 





group. This increased incidence of more 
diffuse atherosclerosis in the unilateral 
group reflects the older age of these pa- 
tients, and also parallels their more severe 
clinical situation at the time of admission. 


Operative Technique 


All but three of the unilateral proce- 
dures were done through a retroperitoneal 
incision in the lower part of the abdomen. 
The incision paralleled the inguinal liga- 
ment and extended from the pubic tubercle 
to above the anterior iliac crest. The exter- 
nal and internal oblique muscles and their 
fascia were divided in line with the skin in- 
cision, and after dividing the transversalis 
fascia, the peritoneum was retracted up- 
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% of Limbs 


Unilateral Bifurcation 
Lad 8.7 


18.6 


47.5 





ward and off the psoas muscle. Ready ac- 
cess was then afforded to the distal-most 
aorta anc the entire iliac system (Fig 1). 

All of the unilateral aortofemoral grafts, 
and the majority of the iliofemoral grafts, 
had end-<o-side proximal and distal anas- 
tomoses. The grafts were either knitted or 
woven, and 8 or 10 mm in diameter. The 
distal femoral anastomosis was made 
through a standard groin incision after 
tunneling the graft beneath the inguinal 
ligament. There were 19 aortofemoral and 
46 iliofemoral grafts. 

All of the aortic bifurcation grafts, and 
three of the unilateral, aortofemoral 
grafts, were inserted through trans- 
abdominal incisions. The bifurcation 
grafts were of either knitted or woven 
Dacron, and were anastomosed almost en- 
tirely end-to-side proximally and distally. 
The majority of operations were per- 
formed by senior residents supervised by 
attending staff members. 


Results 


The operative mortality was sim- 
ilar in both groups (Table 3a. Both of 
the two deaths in the 65 patients who 
had unilateral grafts were due to res- 
piratory complications. One patient 
vomited, aspirated the vomitus, and 
had a respiratory arrest on the fourth 
postoperative day, and the other died 
on the fifth postoperative day of a 
fulminant staphylococcal pneumonia. 
Likewise, there were two deaths in 
the 9€ patients who underwent a bi- 


furcation graft. The first died on the 
seventh postoperative day of an acute 
myocardial infarction. The second 
died of sepsis superimposed on para- 
plegia and renal failure that had oc- 
curred in the immediate postopera- 
tive period. 

The early symptomatic effects of 
surgery are shown in Table 4. Of pa- 
tients who underwent unilateral sur- 
gery, 64.5% considered their condi- 
tions improved at the time of 
discharge, as compared to 83.9% of 
patients who had a bifurcation graft. 
Thus, a somewhat lower improvement 
rate was seen in those patients who 
had a higher incidence of limb-threat- 
ening ischemia, and contrasts with 
those whose most frequent complaint 
was claudication. 

Table 5 summarizes the early and 
late causes of graft failure. Follow-up 
was 87% complete with a median of 34 
months and a range of one week to 
120 months. There were seven early 
thromboses in the unilateral group; 
however, three were reopened. Of the 
remaining four patients, three re- 
quired major amputation and one had 
a worsening of his claudication. Of 
the 11 patients with early thrombosed 
bifureation limbs, three were re- 
opened, five had major amputations, 
and three had some worsening of 
their symptoms. 

It is interesting that of the 16 late 
unilateral graft failures, only two 
were successfully revised with ten re- 
sultant major amputations. Whereas, 
of the 30 late bifurcation limb fail- 
ures, 13 were successfully revised 
with only 11 resulting in major ampu- 
tations. This again reflects the higher 
degree of ischemia at the time of the 
initial operation in those patients 
who had a unilateral graft, and may 
also reflect the reluctance of the sur- 
geon to reoperate on these older pa- 
tients. In all, 20 of 65 (30.8%) unilat- 
eral grafts failed, while only 38 of 192 
(19.8%) bifurcation limbs failed. 

Although the 65 patients were not 
necessarily given unilateral grafts 
because of a disproportionately in- 
creased operative risk, their older 
age, more diffuse atherosclerosis, and 
severe signs and symptoms did sug- 
gest this. For this reason, we retro- 
spectively assigned them to “good” 
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Table 3.—Operative Mortality 


Unilateral 


2/65 
3.1 


1. Aspiration 
2. Pneumonia 





and “poor” riss preoperative cate- 
gories. This was accomplished by 
comparing tasir ages anc associated 
diseases. Group A (good risk) con- 
sisted of 47 patients with a median 
age of 59 years and a range of 38 to 
76 years. Geeup B (poor risk) con- 
tained 18 patents with a median age 
of 72 years zad a range of 46 to 91 
years. All patients in grouo B had se- 
vere coronar artery diseése, and, in 
addition, oftem other diseases such as 
hypertension. diabetes mellitus, 
chronic lung diease, and cerebro- 
vascular dise=s2. 

Utilizing ae “fe table method of 
determining lomz-term cumulative 
patency as dæcr:bed by Stokes et al,’ 
group A and B unilateral limbs were 
compared against bifurcation limbs. 
The long-term patency was 78.3% at 
five years im the bifurcation limbs 
(Fig 2). The tiwe-year patercy was es- 
sentially the same in the entire uni- 
lateral group. ie 51.8% im the good 
risk vs 53.1% a the bad risk group. 

Because of +e higher incidence of 
patients with anziographie evidence 
of poor outilow (elass 3 and 4) in the 
unilateral grezp, the long-term limb 
patency of ur kaæral class 3 and 4 
limbs was compared with taat of the 
bifurcation elas Sand 4 limbs (Table 
6). In patients wich poor distal runoff 
the long-term patency is clearly 
greater in the bifurcation limbs 
(84.5%) eompared with the unilateral 
limbs (63.8%). Sinee the outfiow of the 
two groups is similar, this incrimi- 
nates arterial inflow as a factor in 
long-term lim patency. 

A form of v=scalar morb dity that 
is unique to tte unilateral graft, and 
cannot be compared with the bifurca- 
tion graft, is tře imcidence o? immedi- 
ate jeopardy to the contralateral 
limb, and the Later progression of the 
atheroscierotie prceess. In the imme- 
diate postopers=iv= period three con- 
tralateral limřs ‘ost their femoral 
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Bifurcation 
2/96 
De | 


1. Myocardial infarction 
2. Paraplegia, 
renal failure 


Table 4.—Symptoms Immediately 
Following Surgery 


Unilateral 
64.5 


Bifurcation, % 


Improved 83.9 


Table 5.—Early and Late Graft Failure 


Unilateral 
Early (<30 days) 
Thrombosed 
Opened 
Early Failure 
((No amputation) 
(Amputation) 
Late (>30 days) 
Thrombosed 
False aneurysm 
Infected graft 


Late failure 


(No. of Limbs) 


Bifurcation 
(No. of Limbs) 


11 





(Revised) 
(No amputation) 
(Amputation) 


(10) (11) 


Total failure 20/65 38/192 


% failure 


pulse and became acutely ischemic. 
Blood flow was restored in two of the 
limbs; the third, however, required a 
major amputation. At later intervals, 
eight additional patients developed 
major ischemic symptoms in their 
contralateral limb, necessitating re- 
vascularization. In one of these pa- 
tients her contralateral limb had to be 
amputated, and she subsequently 
died of a thrombosed infrarenal 
aorta. 


Comment 


This review of our experience in the 
management of aortoiliac occlusive 
disease over the past 11 years empha- 
sizes several points. It illustrates the 
diffuse, progressive nature of the ath- 
erosclerotic process, and also that stat- 
ic, localized, occlusive lesions seem to 
be exceptional. The extent of the dis- 
ease is not always readily apparent 
on physical examination, nor on the 
monoplane arteriogram, and the final 
determination requires that one ei- 
ther utilize more sophisticated preop- 
erative techniques or assess the path- 
ologic situation at the time of 
surgery. The unilateral, retroperito- 
neal approach dictates that one per- 
form a proximal anastomosis in an 


30.8 19.8 





Table 6.—Long-Term Patency in 
Grafts With Poor Distal Runoff 
Unilateral 


Limbs 
Open 


Bifurcation 


Class 





Total 


30/57 63.8 93/110 84.5 


area of either present or future ather- 
osclerotic involvement. In addition, it 
affords no protection for the contra- 


lateral limb, and may jeopardize it at 


the time of surgery. Indeed, a second 
operation for the contralateral ex- 
tremity was required in 16.9% of our 
patients. These inherent limitations 
of the unilateral, retroperitoneal 
graft are illustrated in Fig 3 where, 
in this instance, disease has pro- 
gressed proximal to a left iliofemoral 
graft, and thrombosis has occurred in 
the previously patent, contralateral, 
external iliac artery. 

We have also shown that the stan- 
dard, aortic bifurcation graft can be 
inserted transabdominally with a low 
Operative mortality (2.1%). In addi- 
tion, this more definitive procedure 
achieves a long-term graft patency 
rate of approximately 80%, which is 
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Fig 2.—Comparison of long-term patency in limbs of bifurcation 
and unilateral grafts. Note that good and poor risk unilateral grafts 
had similar patencies. 


ee E 


Fig 3.—Arteriogram two years following 
left common iliac artery to femoral artery 
graft. Note extent of atherosclerosis proxi- 
mal to graft, and the thrombosis of previ- 
ously patent contralateral external iliac ar- 


tery. 
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superior to that with unilateral 
grafts. Also, we feel, as do others,’**” 
that by assuring adequate inflow, 
even those patients with severe distal 
arterial disease can be provided long- 
term graft patency. 

Finally, there is no doubt that the 
unilateral, aortoiliac occlusive lesion 
is amenable to correction by a variety 
of operative approaches; however, it 
is paramount that long-term studies 
be conducted in order to determine 
the optimal surgical method. Our 
study indicates that the unilateral 
correction of aortoiliac occlusive dis- 
ease, through a retroperitoneal ap- 
proach, compromises the patient’s 
chance for long-term palliation. Also, 
it indicates that the majority of pa- 
tients ean tolerate the more defini- 
tive, transabdominal, bilateral repair. 


In those patients considered to be 
poor surgical risks, a limited proce- 
dure such as the unilateral, retroperi- 
toneal graft, or the femoral-femoral 
crossover graft, seems justified. Of 
these two approaches, recent reports 
would seem to indicate that the fem- 
oral-femoral graft may also have a 
longer patency rate than the unilat- 
eral graft.’ 
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TosHio INAHÆRA, MD, Portland, Ore: I 
have enjoyed the presentation by Dr. Lev- 
inson et al and. apprec:aie the problems as- 
sociated with thes condition. Whenever we 
encounter the problem of arterial restora- 
tion for unilateral iliofemoral occlusive dis- 
ease, our concern is whether or not we are 
doing enough so that the patient will not 
be returning soen for another procedure. 
In general, there are two criteria for uni- 
lateral repair. F'rst, the disease is unilat- 
eral, giving unilateral symptoms, and the 
contralateral side is asymptomatic and rel- 
atively free of disease. Second, the patient 
is a relatively poor surzical risk and is not 
an appropriate candidate for more exten- 


sive repair. We ere in aecord with the au- 


thors to perform a definitive arterial re- 
pair with minime! operative exposure and 
trauma. 

In contrast tc the use of the bypass 
grafts as described by -kə authors, our ap- 
proach to the problem has been through 


_ endarterectomy. The aetual method of en- 


darterectomy is 3y the aversion method, 
which we first described in 1965, developed 
for the treatmen” of extensive disease of 
the aortoiliac common “emoral vessels. 
Very briefly. the entre segment of the 
external iliac and ommon femoral arteries 
is mobilized and the common femoral is 
transected just proximal so its bifurcation. 
The endarterectomy is started distally by 
eversion. The atheroma is removed in the 
distal half, and the reminder of the vessel 
is everted from the proximal end to the 
common iliac opering. At this time, frag- 
ments of media ar all removed. Note that 
in the reconstruction there are no longi- 
tudinal arteriotoncies in the external iliac 


Since the basic lesion nyolves the exter- 
nal iliac occlusicn, 2ndar-erectomy can also 
be performed extraperitoneally. 

Our experienee aas shown that the inci- 
dence of this particular condition is rela- 
tively uncommen. Over the past seven 
years, 15 patients were eperated on for 16 
iliofemoral endarterectomies. The external 
iliac artery was oecluded in 11 limbs and 
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Discussion 


highly stenotic in three limbs. The common 
femoral artery was occluded in two limbs 
associated with severe stenosis of the ex- 
ternal iliac artery. In four limbs, it was 
necessary to extend the endarterectomy 
the full length of the profunda femoris 
with a saphenous vein patch graft closure. 
Four additional profunda femoris arteries 
had a partial endarterectomy. This is an 
unusually high incidence of involvement of 
this artery. In 11 limbs, there were associ- 
ated ocelusions of the femoro-popliteal ar- 
tery. 

Femoral pulses were restored in all 
limbs. There were no complications of 
acute thrombosis, infection, false aneu- 
rysm, amputation, or mortality. Only mor- 
bidity has been a pulmonary atelectasis. 
All patients were discharged with normal 
femoral pulses, and our follow-up has ex- 
tended up to seven years, with a mean fol- 
low-up period being 20 months. 

There were two late mortalities, both 
from coronary artery occlusion, but with 
patent reconstruction. 

Although our follow-up period has been 
relatively short, two significant observa- 
tions are noted, in that there was no addi- 
tional surgery required and there have 
been no amputations. 

Our longest follow-up was of a 61-year- 
old woman on whom an aortogram was 
performed preoperatively in 1966. She un- 
derwent endarterectomy. The first postop- 
erative aortogram was made three years 
later and another aortogram was per- 
formed seven years later. 

Although we have dealt with only a 
small group of patients in which the fol- 
low-up period has been relatively short, 
thus far our experiences with endarterec- 
tomy have been favorable. I apologize for 
presenting “another paper,” but appre- 
ciate the opportunity of giving another 
view and approach to a similar problem. 

DonaLD K. Brier, MD, Millburn, NJ: I 
enjoyed this paper very much, but I am not 
sure it answers the question of the pre- 
ferred method of treatment for the vexing 
problem of unilateral iliac artery occlusion. 
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In discussing this problem with vascular 
surgeons at this meeting, we find among 
us that there is a great variety of methods 
used in our approach to managing the 
problem. Dr. Inahara has described the use 
of unilateral iliac endarterectomy. We 
have heard from Dr. Levinson’s group who 
use unilateral aortofemoral bypass and 
from those in this society who would do a 
bilateral aortofemoral bypass and aorto- 
iliac endarterectomy bilaterally in all of 
these unilateral cases. As you know, we 
have been studying the use of crossover 
femoral-femoral grafts as the preferred 
method of treatment in this particular 
type of patient. It is of interest that the 
group of patients of Dr. Levinson and his 
co-workers serves as a partial control of 
our series, which we described one year 
ago to this society. Our series now num- 
bers 85 cases in all. 

Our series is comparable in most re- 
spects, except on two counts. Our cumula- 
tive five-year patency rate is 88%, and we 
have had five early occlusions and eight 
late occlusions, which is approximately the 
same rate of occlusion that Dr. Levinson et 
al have seen. We have had no occlusions in 
our late group that have been ascribed to 
progression of disease in the inflow iliac 
segment. 

Inflow studies made on these grafts by 
Dr. Ehrenfeld, Dr. Strandness, and us have 
shown that there is no steal when one per- 
forms a crossover graft from the recipient 
limb, and that the flow on the inflow seg- 
ment is markedly increased, perhaps as 
much as doubled in these cases. I raised 
the question as to whether or not this in- 
creased flow on the inflow side proximal to 
the takeoff of the crossover graft does not 
in some way favorably alter the natural 
history of expected progression of the ar- 
teriosclerotie process. 

Dr. LEVINSON: Initially it was felt that 
the retroperitoneal, limited approach 
might well carry a lower operative mortal- 
ity and morbidity. However, it appears 
from our study, that the operative mortal- 
ities were similar, taking into account, of 
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‘course, that the patients who received uni- 
lateral grafts were probably at greater 
risk than those who received bifurcation 
grafts. 

In addition, the exposure is limited 
through the unilateral, retroperitoneal ap- 
proach. If one decides to work more proxi- 
mally on the aorta, it is difficult to accom- 
plish it through this exposure, and we 
definitely feel now that in good risk pa- 
tients a major aortic repair should be un- 
dertaken. 


With regard to Dr. Inahara’s comments, 


we have appreciated in Richmond the su- 
perb, long-term patency that Dr. Inahara 
has achieved with his eversion technique. 
We started using bifurcation grafts some 
time ago, and that has been our pre- 
dominant mode of treatment. We did not 
attempt to compare endarterectomy with 
bifurcation grafts. 

I think, though, that his example of uni- 
lateral, iliac endarterectomy through a ret- 
roperitoneal incision is almost the same as 
a unilateral graft through that approach, 
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and it should not be used, except on poor 
risk patients, especially with Dr. Imahara’s 
good results with a total, aortofemoral en- 
darterectomy. Only poor risk patients 
should have a unilateral, limited operation. 

Dr. Brief’s and Dr. Parsonnet’s experi- 
ence with the femoral-femoral crossover 
graft shows that it may well have reason- 
ably good long-term patency. However, our 
study did not attempt to directly compare 
unilateral, retroperitoneal grafts to fem- 
oral-femoral crossover grafts. We-did con- 
clude, though, that the unilateral repair 
appears to have a poorer long-term result 
than the femoral-femoral crossover graft, 
and we would therefore favor the cross- 
over graf: when possible in poor risk pa- 
tients. 

Before one applies a femoral-femoral 
graft on good risk patients, however, I 
think it behooves those surgeons who favor 
that operation to start a prospective, ran- 
domized study, so that we can know once 
and for all whether a femora+femoral 
graft really is an ideal operation for all pa- 


Suppurative Tenosynovitis of the 
Flexor Muscles of the Hand* 


“On account of their economic importance and surgical interest, a study of the acute infections of 
the flexor tendon sheaths of the hand was undertaken at the Presbyterian Hospital over two years 
ago. A series of fifty-seven consecutive cases, observed from Jan. 1, 1916, to Jan. 1, 1923, has been 
analyzed. The series is presented, with the end-result in each case, observed for an average time of 
nearly one and one half years... . 


* * * * 


_... to attain optimum results in suppurative tenosynovitis the desiderata are: (a) early diagnosis 
and immediate operation; (b) properly placed, adequate incisions, draining all collections of pus; (c) 
avoidance of unnecessary trauma; (d) early removal of drains; (e) early and continued active mo- 
tion, and (f) prevention of secondary contamination of the infected sheath.” 


*Cleveland M: Arch Surg 7:661-686, 1923. 


tients who have unilateral disease. 

I might conclude by saying that the aor- 
tic bifurcation graft, or transabdominal 
aortic endarterectomy, should begin, as 
Wylie and others have suggested, in the 
infrarenal aortic position, and thereby 
achieve optimum inflow. The limited oper- 
ations appear to subject patients to a com- 
promise by the grafts being placed far dis- 
tal in the aortoiliac system. 

David Hume, MD, initially liked the uni- 
lateral repair. It was performed through a 
retroperitoneal approach, which was very 
similar to a transplant incision, and he 
thought it was a good operation, until re- 
cently when it appeared that it had limita- 
tions. He then strongly urged that we con- 
duct this study. His tragic, untimely death 
has prevented him from commenting at 
this time on the paper, and also has de- 
prived us of his future achievements, 
which I am certain he would have contrib- 
uted to this society and others. 
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Determination of Amputation Level 


Measurement of Skin Blood Flow With Xenon Xe 133 


Wesley S. Moore, MD, San Francisco 


In 31 patients about to undergo 33 below- 
knee amputations, skin blood flow adjacent 
to the anterior line of the incision was mea- 
sured by xenon Xe 133 clearance in an at- 
tempt to correlate success of healing with 
the quantity of skin blood flow. Three ampu- 
tations failed to heal because of ischemic ne- 
crosis. These three amputations had the 
three lowest blood flows, indicating that the 
use of skin blood flow is a promising method 
for preoperative selection of amputation 
level. A comparison of skin blood flows with 
the level of distal palpable pulse and an- 
giographic data of the peripheral circulation 
showed no correlation, confirming that 
these measures for estimation of qualitative 
blood flow should not be used in selection of 
the amputation level. 


he selection of a specific ampu- 

tation level in patients with gan- 
grene of the lower extremity is cur- 
rently based upon the judgment and 
experience of the surgeon. Objective 
criteria, such as level of distal pulse, 
skin temperature, and angiographic 
patterns of disease, have not provided 
a sharp end point for accurately pre- 
dicting the most distal level that an 
amputation can be expected to heal.' 
It is self-evident that the ability to 
heal an amputation at a specific level 
is a function of the nutritional skin 
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blood flow at the level selected. The 
purpose of this study was to correlate 
healing results with nutritional skin 
blood flow measured at the anterior 
line of incision using xenon Xe 133 
clearance in a series of below-knee 
amputations. 


Materials and Methods 


Thirty patients undergoing 33 below- 
knee amputations with immediate postop- 
erative prosthesis comprise this series. 
Thirty-one amputations were performed 
for gangrene. Two patients had intrac- 
table rest pain as the indication for ampu- 
tation. The average age of the patients 
was 62 years (Fig 1). Twenty-one amputa- 
tiens (64%) were performed in patients 
with diabetes mellitus. Twelve of these 21 
diabetic patients had concomitant arterial 
occlusive disease of large vessels as dem- 
onstrated by pulse deficit and angiographic 
findings. 

The most distal palpable pulse in this 
group of patients is summarized in Table 
1. The levels of ischemic gangrene are 
summarized in Table 2. 

Twenty-three patients underwent aorto- 
femoral-tibial angiography prior to ampu- 
tation. Angiography was not performed in 
the remainder of the patients because of 
the presence of distal pulses, or because 
the extent of ischemic necrosis precluded 
the possibility of limb salvage by arterial 
reconstruction. 

Eight patients had undergone direct 
vascular reconstruction at some time prior 
to the need for amputation. Four of these 
eight patients had patent reconstructed 
segments and in four patients the vessel 
became occluded after the reconstructive 
procedure. Fifteen patients had undergone 
sympathectomy on the appropriate side 
prior to amputation. 


No. of Patients 





59 70- 
60-69 
Age 


50 
40-49 


Fig 1.—Distributien of patients by age in 
series. 


Twenty-six patients undergoing 28 am- 
putations were ambulatory prior to the 
need for amputation. Four patients under- 
going five amputations were confined to 
bed prior to the need for amputation and 
were not expected to be rehabilitated on a 
prosthesis. 


Measurement of 
Skin Blood Flow With Xenon Xe 133 


Theoretical Considerations.—Blood 
flow to skin can generally be divided 
into two compartments, capillary (nu- 
tritional) blood flow and blood flow 
short-circuited through arteriovenous 
communications. Only the capillary 
blood flow component is effective in 
providing nutritional requirements to 
the skin, and should be assessed when 
studying the ability of skin to heal. 

Capillary bleod flow can be mea- 
sured by xenon Xe 133 clearance be- 
cause xenon Xe 133 is a freely dif- 
fusible, lipophilic substance whose 
only mechanism for removal from a 
site of injectien is by passive trans- 
port across capillary cell membrane.?* 
The rate of xenon Xe 133 transport 
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Table 1.—tLevel of Distal Palpable 
Pulse 


No. of 


Extremities 





Table 2—Extent of Gangrene 


Levelwf ischemia No. of 
or Gangrene Extremities 









across capillary ceil membrane is pro- 
portional te the differential concen- 
tration of xenon Xe 133 on both sides 
of the membrane and, therefore, is 
directly rela-ed te the rate of blood 
flow througa the capillary system 
(Fig 2). 

By mowing the partition coeffi- 
cient ef xenon Xe 133 between skin 
and blond, which has been stated to 
be 0.7, one can then calculate the ac- 
tual flew using the following formula: 
F = (Leg, Z x A x 100)/(T %), where 
F = flow in ml/_00 gm tissue per 
minute; A = partition (coefficient) 
between skin and blood, which for 
Xe = 0.7; T=time for a com- 
plete decade of radioactivity at the 
injection site. Substituting known 
values im the above equation, 
F = (0.693 x 0.7 x 100)/(T 12) = 48.51/ 
(T %). 

Technique.—The patient is brought 
to a constant temperature room and 





Venule 


133 Xe 


Arteriovenus Shunt 


Arteriole 












Xenon "Xe 
Injections 


Capillary Bed 


Fig 2.—Artist’s concept of bolus of '**Xe atoms in contact with capillary. Rate of diffusion 
of Xe atoms across capillary cell membrane is function of differential concentration, 
therefore of blood flow rate through capillary. Since Xe is only removed by crossing capil- 
lary cell membrane, flow that takes place through arteriovenous fistulas will not affect mea- 


surement of '*°Xe clearance. 


lies in the supine position for 15 min- 
utes. The anterior skin over the tibial 
plateau, 10 em distal to the tibial 
tuberosity, is used as the site for mea- 
surement. This point corresponds to 
the line of anterior skin incision for 
below-knee amputation (Fig 3). The 
anterior skin was selected for mea- 
surement because below-knee ampu- 
tations that had failed invariably 
underwent tissue necrosis in the an- 
terior midline portion of the skin, 
which suggested that the critical 
point for blood flow was the anterior 
skin over the tibial plateau. 

Fifty microcuries of xenon Xe 133 
dissolved in 0.05 ml of sodium chloride 
solution are anaerobically removed 
from a multidose vial and injected in- 


Fig 3.—Outlime of proposed incision used for below-knee amputa- 


tion. Intradermal injection of xenon Xe 133 is made in midanterior 
portion ef praposed skin incision so nutritional blood flow can be 


measured in is critical location. 
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recorder. 


ee 
ESS 


tradermally in the anterior skin area. 
The needle is left in place for 30 sec- 
onds following injection to prevent 
loss of xenon Xe 133 from the needle 
track. Radioactive emission is moni- 
tored with a sodium iodide crystal 
contained in a miniature probe and 
connected to a rate meter. The log of 
the counts per minute is continuously 
recorded on a strip chart recorder 
which is set to run at a rate of 50 
cm/hr (Fig 4). A line is drawn tan- 
gent to the initial, or “fast” portion 
of the curve and extrapolated to zero 
radioactivity. This represents the 
method of calculating the theoretical 
time for a complete decade to occur 
(Fig 5). Flow is then calculated by the 
previously described formula. 


Fig 4.—Diagrammatic representation of method for measuring 
radioactive counts per minute and recording data on strip chart 


Xenon Xe133 Radioactive 
Injection 


Probe 
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Fig 5.—Log of counts per minute plotted 
as function of time in order to convert expo- 
nential function to linear function. Only ini- 
tial part of this curve measures skin blood 
flow; later part has admixture of subcutane- 
ous flow. Line is drawn tangent to initial 
part of curve and extrapolated to zero time 
so theoretical time required for complete 
decade of radioactivity may be measured. 


Results 


The measured value of anterior 
skin blood flow ranged from 0.55 to 
4.17 ml/100 gm of tissue per minute. 
The mean value was 1.49 ml/100 gm 
of tissue per minute. In this study, 
three amputations failed to heal be- 
cause of ischemic necrosis of anterior 
skin. These three patients had the 
three lowest values of skin blood flow, 
which were 0.55, 0.56, and 0.59 ml/100 
gm of tissue per minute. A fourth am- 
putation required revision to a higher 
level because of a deep wound infec- 
tion. The anterior skin blood flow was 
0.90 ml and the skin remained viable 
in spite of the underlying infection 
within the depths of the amputation 
stump. 

We have attempted to correlate 
skin blood flow as measured by xenon 
Xe 133 clearance with the level of dis- 
tal palpable pulse, angiographic data, 
and the presence or absence of diabe- 
tes mellitus. These data are summa- 
rized in Table 3. The amputations 
were arranged in order of increasing 
blood flows. The data show that the 
pulse and angiographic measures of 
judging vascularity had a random dis- 
tribution when compared to skin cap- 
illary blood flow, and could not be 
used to make a qualitative estimate 
of skin blood flow. 

Table 4 summarizes the effect that 
the level of distal palpable pulse has 
on skin blood flow. As one goes from 
patients whose distal pulse is the 
aorta to patients with palpable pedal 
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Table 3.—Correlation of Skin Blood Flow 
With Physical Findings and Angiographic Data 








Skin Arteriography for 
Blood Lowest Level of ——————— m Trifur- 
Flow Diabetes Pulse Gangrene Femoral Popliteal cation Healing 


0.55 + Femoral Distalleg Open Open 6 Failed 











































0.56 + Aorta Forefoot Occluded Occluded Failed 
0.59 0 Femoral Forefoot Occluded Open Failed 
0 Popliteal Forefoot Open Open Healed 
+ Femoral Forefoot Occluded Open 
4. 
0 
























Popliteal Below-knee Open Occluded 
stump 
0.90 0 Femoral Distal leg Occluded Open 8 Loss due to 
infection 
0.91 + Pedal Forefoot od aM me Healed 
0.91 0 Femoral Rest pain Occluded Occluded 0 Healed 
0.92 + Femoral Forefoot Open Occluded 0 Healed 
0.93 T Femoral Forefoot Open Open 8 Healed 
0.96 + Femoral Forefoot Occluded Open 6 Healed 
7 Femoral Forefoot Occluded 8 Healed 
0 3 





Pedal Forefoot fees Healed 












1.46 0 Popliteal Forefoot hn Ma ie id Healed 
1.51 + Femoral Forefoot ee ry By Healed 
1.53 -+ Popliteal Forefoot SR, HE ae Healed 
1.65 + Popliteal Forefoot Open Open 8 Healed 
1.69 + Popliteal Forefoot TA ah oe Healed 
1.76 0 Popliteal Toes Open Open 16 Healed 
1.78 + Aorta Rest pain Occluded Open 16 Healed 






Femoral Ulcerated 


Syme 





ampu- 
tation 














2.1 0 Femoral Forefoot Occluded Occluded 0 Healed 
2.4 0 Femoral Forefoot Occluded Occluded 0 Healed 
2.52 + Popliteal Forefoot S54 ee 28 Healed 
RY | + Popliteal Forefoot Open Open 16 Healed 
2.94 + Popliteal Forefoot oe Healed 

















Toes Occluded 0 


Forefoot 


Femoral 


Occluded 
Pedal 


Healed 





Table 4.—Comparison of Distal Palpable Pulse With Skin Blood Flow 


Average Xenon 
Pulse No. of Limbs Xe 133 Flow Flow Range 


Aorta 1.17 0.56-1.78 
Femoral 1.22 (SD=0.7) 0.55-3.15 
Popliteal 1.77 (SD=0.75) 0.62-2.94 
Pedal 2.16 (SD=1.75) 0.91-4.17 











Table 5.—Comparison of Angiographic Data With Skin Blood Flow 
rr 


No. of Average 
Vessel Limbs Blood Flow Flow Range 


Open superficial femoral 
artery 9 1.24 (SD=0.68) 0.55-2.7 


Occluded superficial 
femoral artery 


1. 
Open popliteal 13 1.14 (SD=0.64) 0.55-2.7 
Occludec popliteal 1.43 (SD=0.89) 0.56-3.15 


<8 trifurcation points 1.21 (SD=0.81) 0.55-3.15 
>8 trifurcation points 1.33 (SD=0.68) 

























4 1.24 (SD=0.79) 0.56-3.15 
9 
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pulses, meat skin blood flow showed a 
trend to increase, rising from 1.17 to 
2.16 ml/100 gm fissue per minute. 
However, the range of flows for each 
pulse level was so wide that distal 
pulse findings were relatively useless 
as a means.ef indirectly assessing the 
quantity of skin blood flow. 

Table 5 compares the angiographic 
status of the superficial femoral, pop- 
liteal, and trifurcation arteries with 
mean skin bbod flows. The point sys- 
tem of assessing the popliteal tri- 
furcation has been previously de- 
scribed.* There was no difference in 
skin flow when looked at as a function 
of angiographic patency. One ex- 
treme example was seen in the poplit- 
eal artery, wherein the average skin 
blood flow im patients with patent 
popliteal segments was 1.14 ml/100 
gm tissue per minute as compared to 
patients with oceluded popliteal 
segments in whom the average skin 
blood flow was 1.43 ml/100 gm tissue 
per minute. 


Comment 


The general principle employed in 
determining an amputation level is to 
perform amputation at the most dis- 
tal level, consistent with good pros- 
thetie functior, that will encompass 
the gangrenots proeess, and which 
has sufficient blood supply to heal the 
skin incision. The criteria that have 
been used to assess blood supply in- 
clude level of distal palpable pulse, 
angiographic patterns of disease, skin 
temperature, amd oseillometry. Surgi- 
cal judgment based entirely upon 
these objective criteria has resulted 
in selecting the above-knee level for 
amputation in an unacceptably high 
number ef patients. Recent experi- 
ence with empric belew-knee ampu- 
tation, disregarding ary objective cri- 
teria, demonstreted a healing rate of 
76%. This was improved to 89% when 
an immediate postoperative pros- 
thesis was added to the program.*” 

The measurement of skin blood 
flow, as Gocumented in this report, 
has had a remar®able cerrelation with 
healing in that in the three patients 
with the poorest flow rates, amputa- 
tions failed as a result ef ischemic ne- 
crosis. No patient with skin blood 
flows in excess øf 0.6 ml/100 gm tis- 
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sue per minute failed to heal because 
of ischemia. No patient with flows be- 
low 0.6 ml/100 gm tissue per minute 
was able to heal an amputation below 
the knee. If skin blood flow of 0.6 
ml/100 gm tissue per minute had 
been used as a minimum criterion for 
perferming below-knee amputation, 
we theoretically could have raised our 
primary healing rate in the series 
from 88% to 97%. 

An attempt to correlate the numer- 
ical value of skin blood flow with dis- 
tal pulse level or with angiographic 
patterns of occlusive disease was to- 
tally unrewarding. This once again 
points to the fact that the below-knee 
amputation level should not be chosen 
on the basis of distal palpable pulse or 
angiographic data. 

This study must be viewed as a pre- 
liminary report in that the series was 
small, and that in only three patients 
could blood flow data be correlated 
with failure due to ischemic necrosis. 
However, if this method of measure- 
ment continues to have the same de- 
gree of correlation to skin healing, it 
will represent a major development 
in the objective criteria for amputa- 
tion level determination. Measure- 
ment af skin blood flow might also be 
applied when considering the suit- 
ability of amputation at more distal 
levels, such as toe, transmetatarsal, or 
Syme amputation. 
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Discussion 


WILEY F. BARKER, MD, Los Angeles: I 
would like to ask a question. Some of you 
may know that I am thoroughly prejudiced 
in favor of the value of sympathectomy, 
and I did not hear—although you may have 
said it-any comments about the sympa- 
thectomized status of these patients, and 
the effect that this might have had on the 
pretibial skin. 

Most sympathectomies, as they are done, 
I do not believe will have effectively de- 
nervated the extremity at this level. It 
brings up the interesting observation that 
I believe Dr. Cranley has made several 
times, that the patient who has diabetes is 
often a better, more successful candidate 
for below-knee amputation than the pa- 
tient who has classical atherosclerosis. If 
one combines this observation with the 
fact that many patients with diabetes have 
already accomplished their own auto- 
sympathectomy, does this have any effect 
on your figures? 

RICHARD WARREN, MD, Boston: I rise to 
compliment Dr. Moore, who has made so 
many contributions to this field, on this at- 
tempt to get an objective criterion for level 
of amputation, which we all have been 
struggling with for a long time. 

I would like to ask him two questions for 
clarification, because his time for presenta- 
tion was short. One is that he apparently 
distinguished only between primary heal- 
ing and wound breakdown, or failure to 
heal, requiring higher revision. In most of 
our experience—and, I think, in that of re 
ported experiences—there are many wound 
breakdowns at the below-knee level which 
do not require higher revision, and I won- 
dered if he had such a group, if there was 
any correlation between the ones that had 
secondary healing without revision and 
those that had primary healing. 

And the other question I’d like to ask 
him is the figure of 0.6. It is almost too 
clear, that 0.6 division, and I wondered if 
any of his primary healing group came 
just above the 0.6, within a tenth or so of a 
milliliter of flow, that might make this re- 
quire a great many more cases before it 
was entirely valid. 

And a final question, of course, which I 
think he has already answered, is as fol- 
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lows: Would he at the moment change his 
level on the basis of a flow below 0.6, or is 
he going to wait further before doing this? 
I could see that if you took this too liter- 
ally—and I think he has emphasized this 
point—that you might even sacrifice a knee 
joint on the basis of a very low flow by this 
method, which I think would be a mistake. 

CHARLES WRIGHT, MD, Saskatoon, Sas- 
katchewan: I too have appreciated this pa- 
per as an attempt to have an objective cri- 
terion in this question, although it is 
common experience that the single most 
important factor in this decision, without 
any more objective means, is the skin 
temperature. 

There is, however, one methodological 
problem which I would have to raise, hav- 
ing been close to xenon Xe 133 work for 
many years now. It is necessary to have 
the partition coefficient of xenon Xe 133 in 
skin to calculate an absolute figure for skin 
blood flow. I would think that the absolute 
figure that Dr. Moore has quoted would 
have to be disregarded, as the partition co- 
efficient that he mentions of 0.7 is that 
which was calculated in muscle, as it is 
easy to achieve in muscle. 

Now, it is almost impossible to achieve 
an accurate partition coefficient in the 
skin, largely because of the property of 
xenon Xe 133 to which Dr. Moore alluded; 
namely, that it’s diffusible, but it is also 
lipophilic. Now, of course, with a very large 
fat component, and a varied one in skin, it 
becomes difficult, and, I would suggest at 
this time, impossible to calculate an accu- 
rate partition coefficient. 

Now, these comments in no way invali- 
date the work, because what we are doing 
here is comparing levels; but we cannot, I 
think, place any reliance on an absolute 
volume of flow using this particular tech- 
nique at this time in terms of milliliters 
per 100 gm of tissue per minute. 

Dr. Moore: I would like to thank the dis- 
cussants for their comments, and will at- 
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tempt to answer the questions that they 
have posed. 

Dr. Barker raises the question concern- 
ing the role of sympathectomy in improv- 
ing the healing rate of patients under- 
going lower extremity amputation. I 
believe the only way that one could effec- 
tively answer this question would be by 
designing a randomized prospective trial 
of sympathectomy in patients requiring 
lower extremity amputation. We reviewed 
our own series in retrospect as to whether 
or not patients had sympathectomy prior 
to amputation. On the basis of this analy- 
sis, there was no evidence to suggest that 
sympathectomy either had a salutory or 
deleterious effect upon the outcome of am- 
putation healing. 

With regard to the question of the influ- 
ence of diabetes on amputation healing, I 
quite agree that there is a much higher in- 
cidence of primary healing at a lower level 
in diabetic patients. However, the im- 
proved heeling rate may be due tothe fact 
that many diabetics have intact. arterial 
segments in the calf as documented by the 
presence of pedal pulses, rather than ex- 
pressing this as a benefit of diabetic auto- 
sympatheetomy. 

A number of investigators have sug- 
gested that the physiologic effect of sym- 
pathectomy is to increase flow through 
precapillary arteriovenous shunts rather 
than augmenting capillary blood flow. We 
have had the opportunity of investigating 
this concept by measuring capillary skin 
blood flows before and after sympathec- 
tomy utilizing xenon Xe 133 clearance. It is 
of interest to note that sympathectomy 
does improve capillary skin bloed flow in 
the majority of patients with the-exception 
of diabetics. This observation supports the 
thesis that diabetics have indeed under- 
gone autosympathectomy since their blood 
flow did not increase following surgical 
sympathectomy. 

Dr. Warren, in this particular series it so 


happened that there were no patients who 
fell into the category of secondary healing. 
In our overall series of amputations our in- 
cidence of secondary healing has been de- 
fined but is relatively low. We attribute 
this to the use of immediate postoperative 
prosthesis. As to the question of whether 
or not we might be influenced to change a 
proposed amputation level on the basis of 
flow data, I would like to emphasize that 
our series is still too small to be absolutely 
certain of the value for critical flow rate. 
We are still trying to gather enough data 
to correlate healing failures as well as 
healing success so as to be secure in our 
recommendation of an absolute flow rate 
minimum. 

Dr. Warren, with regard to your ques- 
tion concerning how close to 0.6 a healed 
amputation came, our lowest level in a suc- 
cessfully healed case was 0.62. Following 
that, the flow rate jumped up to 0.7 and 
then upwards, with 4.0 being the max- 
imum. 

Dr. Wright and I have had the opportu- 
nity to discuss the problem of partition co- 
efficient measurement in skin on previous 
occasions, and he is quite correct in saying 
that the absolute measure of a partition 
coefficient for xenon Xe 133 in skin has not 
been worked out. I should like to empha- 
size that since the partition coefficient 
value is a first order function in the equa- 
tion, it does not change the relative numer- 
ical value of flow in patients who have suc- 
cessfully healed or those who have failed to 
heal. The only influence it might have is in 
the absolute numerical value which would 
shift the absolute flow amount. However, 
as long as one value is selected and main- 
tained, the scale that has been developed in 
this series is valid. The value of 0.7 for par- 
tition coefficient in skin is a number that 
has been advocated by several centers in 
Scandinavia, as well as a group of investi- 
gators at Stanford. 
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1] Fibrinogen and the Prevention 
of Venous Thrombosis 


Michael Hume, MD; T. Xavier Kuriakose, MD; Linda Zuch, RN; Roderick H. Turner, MD, Boston 


One hundred fifty-seven patients who un- 
derwent hip replacemert surgery were stud- 
ied by the ‘*I-fibr noger leg scan technique. 
This method sensitively detects silent 
venous thrombosis and very smell thrombi. 
By comparison with phlebograms, the iso- 
tope technique is somewhat oversensitive in 
that 26% cf 46 phiebograms (12) showed no 
thrombi, but specificity was good in that on 
the basis of six other phiebograms, obtained 
because of persistent physical findings, the 
isotope legscan was never “falsely normal.” 
A two-phase drug trial failed to demonstrate 
an alternatwe treatment significantly better 
than warfarin sedium, but did indicate that 
wound hematoma occerring in patients 
given heparin sodium subcutaneously in the 
dosage used constitutes a real drawback for 
this therapy after crthopedic surgery. 


R for the fear of hemerrhage, 
anticoagulant taerapy to pre- 
vent thromboembolism would be ap- 
plied more widely than is now the 
case, perhaps un versally applied for 
postoperat've patients. Clinicel trials 
of other drags are therefore justified. 
A two-phase drug trial was designed 
to test alternative treatmert pro- 
grams. One huncred ifty-seven pa- 
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tients were included who underwent 
total replacement of the hip joint. 
Prior to the availability of '*°I fi- 
brinogen, such trials lacked a reliable 
and repeatable method for detecting 
silent venous thrombosis throughout 
the period of risk. While use of this 
method in the United Kingdom was 
illuminating a new phase of investi- 
gation into the natural history of 
venous thrombosis and means for its 
prevention, similar work in the 
United States was impeded by fear of 
transmission of hepatitis or inability 
to demonstrate that this risk could be 
controlled. Under regulation devel- 
oped by the Division of Biologic Stan- 
dards/Bureau of Biologics, a method 
is now at hand for demonstrating 
that specific donors are free of hepati- 
tis, and viral transmission to recipi- 
ents can be controlled. Detection of 
venous thrombosis by this method of 
isotope diagnosis was compared with 
physical diagnosis and ultrasound 
diagnosis during the drug trial. 


Methods 


Case Selection.—One hundred fifty-seven 
patients were included in the two-phase 
drug trial. All were given ‘I fibrinogen 
and were examined preoperatively and at 
intervals postoperatively by the methods 
described below. Criteria for inclusion in 
the trial were the following: age 40 years 
attained, aspirin or aspirin-containing 
compounds withdrawn one week prior to 
admission, informed consent executed, and 
total hip replacement performed. Criteria 
for exclusion were as follows: women of 


child-bearing potential, recent gastroin- 
testinal or genitourinary bleeding, uncon- 
trolled hemostatic defect, receiving anti- 
coagulants at the time of admission, or 
sustained isotope localization preopera- 
tively. 

Characteristics of all patients were re- 
viewed in respect to whether or not venous 
thrombosis was demonstrated by the “I 
fibrinogen leg scan. A significant differ- 
ence appeared in the matter of degree of 
immobility imposed by the joint disease 
before operation. Venous thrombosis was 
significantly more common if the patient 
was bedridden or required wheelchair or 
crutches (19 of 37 patients or 52%) than if 
only a cane or less restriction of activity 
was present (36 of 120 patients or 30%). No 
significant difference was observed in the 
result of leg scan according to all other 
characteristics including age, sex, unilat- 
eral vs bilateral operation, operation on the 
right vs on the left hip, whether or not sur- 
gery had previously been performed on the 
hip, whether or not a prior episode of 
venous thromboembolism was reported, in 
respect to obesity or the presence of mis- 
cellaneous characteristics including vari- 
cose veins, cancer, or peptic ulcer. 

Detection of Thrombosis.—'°] Fibrino- 
gen.—A volunteer, who had never had hep- 
atitis and who was a blood donor many 
times previously, underwent physical ex- 
amination and laboratory work-up for hep- 
atitis. Double plasmapheresis was carried 
out twice monthly. Every month new blood 
samples were submitted for liver function 
tests and specific tests for hepatitis, in- 
cluding HAA by counterelectrophoresis 
and radioimmunoassay for HAA or HAA 
antibody. These tests and '*I labeling of 
the fibrinogen fractionated from this do- 
nor’s plasma were carried out as required 
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under an approved investigative arrange- 
ment. The arrangement provided for fol- 
low-up of ten designated recipients during 
180 days. No evidence of hepatitis has been 
demonstrated by any of these tests to have 
developed either in the donor or in any des- 
ignated recipient. 

After preliminary treatment with potas- 
sium iodide, 100 microcuries of '*I fibrino- 
gen was given intravenously preopera- 
tively to all 157 patients. The dose was 
repeated when precordial radioactivity de- 
creased to 30 counts per second. Leg scan 
counts were expressed as a percent of the 
precordial radioactivity, which was set at 
100%. 

Contiguous portals from the ankle to the 
groin were counted with a portable moni- 
tor preoperatively and daily postopera- 
tively for three days. Thereafter, isotope 
monitoring was done on alternate days, 
unless localization of 20% or greater than 
adjacent areas or by comparison with the 
opposite limb was observed. Under this cir- 
cumstance monitoring was carried out 
daily. Significant isotope localization, if 
sustained for two days or longer, consti- 
tuted a positive test and, by definition, a 
failure of drug therapy (if there was any). 

Phlebograms were requested in all 55 
subjects with sustained, significant isotope 
positivity on the leg scan test, and were ob- 
tained in all but nine of these. Multiple 
views for exclusion of artifacts and com- 
parison of abnormalities were obtained 
and thigh cuff venous obstruction was used 
to improve demonstration of the soleal 
veins. The radiologist performing the ex- 
amination was fully informed of the ex- 
pected location of the thrombosis sug- 
gested by the isotope localization scan. 
However, final analysis of the extent of 
thrombosis was made independently by 
overlay tracing of the filling defects dem- 
onstrated. If no such defects could be iden- 
tified, the phlebograms were considered 
normal. The results of abnormal phlebo- 
grams were grouped as (a) minute 
thrombi, such that symptoms of vein ob- 
struction or local reaction would not be ex- 
pected from their presence, (b) major 
thrombi and those that obstructed the 
main venous drainage, such that overt clin- 
ical symptoms would be expected to result; 
and (c) an intermediate degree of involve- 
ment by thrombi, none of which obstructed 
the main veins, but which might give rise 
to symptoms by perivenous reaction or in- 
flammation. 

Physical Examination.—Limb circum- 
ferences were measured with a flexible 
metal rule at the ankle (minimum) and calf 
(maximum) levels. Muscle atrophy of the 
arthritic extremity, diuresis after hospital 
admission, and the influence of edema due 
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to the extensive dissection influenced the 
result of these measurements postopera- 
tively. Taking these factors into aecount, 
some patients revealed progressive change 
in circumferences amounting to “subclini- 
cal” swelling. Obvious leg and ankle-edema 
were less commonly found. Skin tempera- 
ture was compared after bed corerings 
and any bandage or elastic stockings were 
removed. A difference between skin tem- 
perature detected with the dorsum of the 
fingers was characterized as “warm leg.” 
Subjective signs, including muscle tender- 
ness and pain on dorsiflexion of the foot, 
were notec. These physical signs were elic- 
ited in the manner previously described.’ 
Ultrasound Examination.—Sporntaneous 


and augmented sounds at the femeral vein | 


level were noted according to methods pre- 
viously described.’ 

Hematoma.—Hematoma in the wound 
postoperatively was classified as major, if 
blood replacement was required because of 
a fall in hematocrit reading, as well as in 
respect to the degree of swelling, tense- 
ness of the skin, wound pain, extent of 
ecchymosis, and so forth. This judgment 
was made by the surveillance team and by 
the orthcpedic service independently, and 
their judgments were in agreement. 

Drugs Used.—No aspirin was alowed for 
any patient during hospitalization. Elastic 
stockings were worn, exercises supervised, 
and early ambulation required in all. In 
both phases of the drug trial patients 
were assigned to a particular creatment 
group according to a random schedule, 
drug disclosure being known 1 the or- 
thopedic surgical service, but withheld 
from the vascular-thrombosis monitoring 
team. This arrangement maintained an el- 
ement of “blindness” for the monitors 
judging the result of the trial on the basis 
of isotope localization, and allowed the sur- 
gical team to adjust warfarin cherapy on 
the basis of prothrombin times Those pa- 
tients who underwent sequential, bilateral 
hip replacement received one drug pro- 
gram throughout without interruption be- 
fore the second operation, unless, of 
course, venous thrombosis complicated the 
first procedure, in which case they were 
withdrawn from the trial. 

Drugs Used in the First Phase.—One hun- 
dred three patients constituted the first 
drug trial, in which warfarin was com- 
pared with sudoxicam (an inh:bitor of the 
second phase of platelet aggregation). 
Both were given in the recovery room as 
soon after operation as possible. To add a 
further element of “blindness” as far as 
the patients were concerned. lactose pla- 
cebo capsules identical in appearance to 
sudoxicam were given to those subjects 
who received warfarin. A dosage of 50 


mg of sudoxicam was given daily for three 
days and 20 mg daily thereafter. At the 
suggestion of the supplier and while the 
trial was in progress, the dosage was in- 
creased to 50 mg for five days, then 30 mg 
for five days, and 20 mg daily thereafter. 
Tests done in the supplier’s laboratory in- 
dicated that not all recipients reached a 
blood level of sudoxicam of 3yg/ml, ac- 
cepted as a minimally effective therapeutic 
dosage. Blood level data were not known to 
the monitoring team, so that drug dis- 
closure was not thereby revealed. Even at 
the augmented dose, some individuals did 
not achieve the desired blood level of drug. 
Warfarin therapy was adjusted to prolong 
prothrombin times to 1% times the control 
value. The first dose was 10 mg in most 
cases. 

Drugs Given in the Extended (Second) 
Phase.—Fifty-four patients in this phase 
received either warfarin, no drug, or hepa- 
rin subcutaneously. No placebo was used 
but the thrombosis monitoring team again 
was unaware of what drug was or was not 
given to any particular patient. The details 
of warfarin therapy were as before. 

Aqueous heparin sodium, 5,000 inter- 
national units, was given subcutaneously 
in the abdominal panniculus two hours pre- 
operatively and every eight hours postop- 
eratively. If venous thrombosis was proved 
by phlebogram, standard intravenous 
heparin therapy was recommended, to be 
followed by oral warfarin treatment, ex- 
tending into the period after discharge 
from the hospital. 


Results 


Validity of Methods for Detection of 
Venous Thrombosis.-A comparison 
was made between isotope or x-ray 
evidence of venous thrombosis and 
the findings of an abnormality on 
physical or ultrasound examinations. 
All 157 patients had been studied 
with I fibrinogen and of these, 102 
had no significant sustained isotope 
localization. Fifty of these 102 had 
some abnormal physical sign or ul- 
trasound abnormality. In two such 
cases the persistence of these find- 
ings led to phlebography, but results 
of this examination were normal. 
There were four other patients in 
whom a bilateral phlebogram was 
performed because there were abnor- 
mal findings on the isotope leg scan 
of one limb and because there was 
some abnormal finding in the other 
limb on physical or ultrasound exami- 
nation. Thus, there were six patients 
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Table 1.—Drug Trial: First Phase 


Result with 5I fibsinogen 
lsotope-nositive 
lsotope- vegative 


Result of piè ebogram 
Major orsnoderate thrombus 
Norma! x-ray film er minute thrombus 
No 2hlebogram obtained 


Sudoxicam 


Drug Therapy 
Warfarin 


Table 2.—Drug Trial: Second Phase 


Outcome 
Result with "=| fibrinogen 
lsotepe-pesitive 
lsotape-nagative 


Result of phtebogran 
Major or moderate thrombus 
Normal x-rey film or minute thrombus 
No pnlebezram obtained 


in whem phlebagrams served for com- 
parison of a limb wth a normal iso- 
tope leg sean and an abnormality on 
physical or ultrasound examination. 
“Falsely abnermal” physical or ul- 
trasound examination results or both 
were shown in these six instances. No 
“falsely normal” isotope scan has 
been proved im these six, nor did the 
subsequent course of any patient nor- 
mal after **I-fitrinogen leg scan sug- 
gest that venous thrombosis had oc- 
curred but failed to be detected by 
this technique. 

Fifty-five of tõe entire 157 patients 
had significant isotepe localization. 
None were simultaneously abnormal 
in both legs om isotope study and in 
only four were the results of isotope 
study abnorma! in the nonoperated 
leg. In all 55 patients phlebograms 
were requested. Forty-six had as- 
cending phlebegraphy and in nine 
phlebograms were not performed for 
various reasons. Of the 46 patients 
who had phiebowrams, there were 12 
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17 
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in whom the x-ray film was normal 
and anether 14 in whom minute clots 
were demonstrated. Sixteen of these 
26 had some physical finding or ul- 
trasound abnormality or both. Fi- 
nally, there were 21 patients with an 
abnormal '*]-fibrinogen leg scan who 
showed extensive or obstructive 
thrombi on a phlebogram, inter- 
mediate extent of thrombi,’ or pul- 
monary embolism by lung scan and 
pulmonary angiogram.' Seventeen of 
these 21 had abnormal results of 
physical or ultrasound examinations 
or both, the remainder being normal. 
However six of the 17 had abnormal 
physical or ultrasound abnormalities 
in the limb shown to be negative for 
thrombosis by x-ray or isotope exami- 
nation. 

Result of Drug Trial: First Phase.— 
One hundred three patients were in- 
cluded in the drug trial comparing 
warfarin with sudoxicam. The one 
variable in the history (degree of 
preoperative immobilization due to 
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arthritis), which was significantly re-" 


lated to the outcome (isotope local- 
ization), was present proportionately 
in each of the two drug groups (15 of 
51 given sudoxicam, 11 of 54 given 
warfarin). The result of the trial is 
presented in Table 1 in regard to 
significant sustained isotope localiza- 
tion, phlebographic evidence of major 
or intermediate-sized thrombi, and 
whether or not hemorrhage occurred. 
No wound hematoma resulted from 
the use of sudoxicam. The result of 
this phase of the trial did not show 
significant difference between the 
drugs according to evidence from iso- 
tope or x-ray technique. 

Result of Drug Trial: Second 
Phase.—F ifty-four patients comprised 
the second phase, 17 receiving warfa- 
rin, 18 heparin subcutaneously, and 19 
no drug. In Table 2 the results of this 
phase are presented. A greater occur- 
rence of hematoma was encountered 
with warfarin treatment in this 
phase than in the first phase trial, and 
an even larger incidence of hema- 
toma with heparin treatment. Again, 
there was no significant difference 
among the treatment groups in re- 
gard to x-ray or isotope evidence for 
venous thrombosis. 


Comment 


Surveillance with '*I fibrinogen ap- 
pears capable of detecting silent 
venous thrombosis and thrombi of 
limited extent. No “falsely normal” 
results of this technique have been 
proved in six limbs examined by 
phlebography or were suggested by 
the subsequent course of 102 isotope- 
normal patients. The isotope tech- 
nique is somewhat overly sensitive, in 
that 12 patients with significant sus- 
tained isotope positivity had normal 
phlebograms (26% of 46 phlebograms) 
but this experience is little different 
from that of other reports’ (see also 
page 733). By contrast, abnormal re- 
sults of physical or ultrasound exami- 
nation or both are seen to be quite 
nonspecific and cannot be considered 
as reliable as the isotope leg scan as a 
basis for judging any drug trial of 
this type. 

The drug trial failed to demon- 
strate that any of the alternatives to 
warfarin can be preferred on the 
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‘basis of a lower occurrence of isotope 
localization or prevention of major or 
intermediate-sized thrombi shown by 
phlebograms. Hematoma incident to 
subcutaneous heparin therapy makes 
this appear particularly undesirable. 
The stricture of small sample size 
may account for the failure to demon- 
strate significance in the two-phase 
trial. Practically, it is unlikely that 
larger sample size will be accumu- 
lated. Heparin will probably not be 
given subcutaneously to this type of 
patient postoperatively in future tri- 
als, and no further trial of sudoxicam 
will be possible either. Hepatotoxic- 
ity was discovered in a few patients 
given sudoxicam for arthralgia dur- 
ing trials longer than six months. 
This complication was not observed 
in any patient in the present trial, 
which covered a much shorter period. 


This investigation was supported in part by 
the John A. Hartford Foundation, Pfizer 
Pharmaceutical Corp, and Abbott Laboratories. 
Abbott Laboratories also supplied the ‘°I fibrin- 
ogen under provisions of an investigative au- 
thorization from the Bureau of Biologics (FDA). 

Stuart Hartz, MS, performed statistical analy- 
sis; Eric Wolf, MS, and P. Jayasankar, MD, clini- 
cal monitoring. 
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Discussion 


NATHAN P. Coucn, MD, Boston: We have 
just seen another example of the very dili- 
gent and careful work that we have come 
to expect from Dr. Hume. We have had 
some experience with both the low-dose 
heparin as well as the radioactive fibrino- 
gen and I simply have two or three brief 
questions I would like to ask. 

First of all, we have been in the habit of 
checking all of the batches of the radio- 
active fibrinogen for clottable protein, and 
have found there is some variation in it. It 
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sometimes zan be as low as 20% to 25%. A 
much more acceptable level is in the range 
of 65% to 70%. We feel this sometimes can 
affect the accuracy of the methed, and 
might lead to some falsely normal results. 

Second, when Dr. Hume discovered a hot 
spot in these patients, did he then begin 
formal heparin treatment, or did he simply 
wait to see if the clot extended? Certainly 
many of the observers in this field have 
waited until the clot extended befere they 
thought it was necessary to begin the 
heparin therapy. If he did begin this ther- 
apy, though, this would certainly afect the 
eventual incidence of pulmonary embo- 
lism. 

And then, finally, I think another inter- 
esting facet of this that no one has looked 
into very much as yet is the occurrence of 
other thrombotic complications—myocar- 
dial infarctions, strokes, and so forth—and 
I think this would be well worth looking at 
as we go along with this method. And 
again I ecngratulate Dr. Hume. 

D. EUGENE STRANDNESS, JR., MD, Belle- 
vue, Wash: About a year and a half ago in 
conjunction with Dr. Richard Convery, of 
the Department of Orthopedics at the Uni- 
versity of Washington, we discussed the 
feasibility of doing a surveillance study on 
total hip replacement, and at that time we 
were aware of the studies coming from 
Boston—end not Dr. Hume’s area, but an- 
other medical center in Boston, in which 
they reported, as I recall, up to 40% inci- 
dence of thrombophlebitis after hip sur- 
gery. And as a matter of fact, in a recent 
publication they stated it was unwar- 
ranted tc carry out a controlled study—that 
is, with no anticoagulant protection—prior 
to total hip replacement. 

Neverzheless, we went ahead and oper- 
ated on a consecutive series of 106 pa- 
tients, who had a total of 118 total hip re- 
placements. Out of that group of patients 
we had four cases of thrombophlebitis, and 
one documented pulmonary embolus, giv- 
ing us essentially the same kind of results 
as if they had had warfarm sodium 
(Coumadin). 

So I am delighted to see Dr. Hume’s re- 
sults in the controlled studies, and I would 
also like to say that, I think, before we 
draw any firm and hard conclusions in this 
field, we do have to have controlled studies 
to draw any final conclusions. 

Harry H. LEVEEN, MD, Brooklyn, NY: 
Although we advocated a few years ago a 
method to prevent wound hematoma and 
hemorrhage during heparin therapy, it has 
never really taken hold (Arch Surg 91:817, 
1965). This method consists of the simulta- 
neous administration of aminocaproic acid 
(Amacar) with heparin. 

The elot is not a static framework but a 


dynamic structure that is constantly turn- 
ing over. It is being lysed and simultane- 
ously new clot is being deposited. Heparin- 
ization prevents depcsition of new clots, 
but does not influence lysis of the old clot. 
Therefore, hemorrhaze occurs into the 
wound, usually from the lysis of a clot ina 
small vein that had stepped bleeding at the 
time of surgery. But if aminocaproic acid 
is given along with ieparin, clot lysis is 
prevented and bleeding into the wound 
prevented. 

Also, the danger of embolism is reduced. 
Clots in veins are constantly eroded by the 
naturally activated plasmin in the clot it- 
self and from the endthelium. The clot be- 
comes free-floating aad its tensile strength 
slowly decreases. Clocs do not dissolve like 
an icicle, but like Swiss cheese. When the 
tensile strength is low, it breaks loose. 

To prevent that clat from breaking loose, 
aminocaproic acid is administered. To pre- 
vent further propagetion of thrombi, hepa- 
rin is used. This combination therapy is the 
best way for surgeous to administer hepa- 
rin in the operating room and postopera- 
tively. 

Dr. Hume: I want to thank the discuss- 
ers. 

Dr. Couch, we did check the clottable ra- 
dioactivity of the betches and of the indi- 
vidual vials, and wenever did see as low a 
percentage as you seem to have found. It 
has always been above 65% in our experi- 
ence, and usually it is about 80%. 

You are right as far as the use of full- 
strength heparin, if a hot spot was discov- 
ered. We promised the orthopedic people 
that we would reveel the results of our sur- 
veillance as soon as we felt that we had a 
significant, sustained isotope localization 
and, generally speeking, they would start 
heparin therapy if we gave them this re- 
port. They certainly did in the untreated 
control group. Sometimes they did not, if 
they were giving warfarin—and I do be- 
lieve that the very iow number of emboli or 
serious venous thrembosis was in part re- 
lated to this prompt use of full-strength 
heparin. I think this contributed im- 
portantly to the sefety of the trial. 

I do not know anything about other 
thrombotic complications such as in the 
coronary circulatian, so I will not comment 
on that. 

I would like to taank Dr. Strandness for 
his comments. I kad known that he, too, 
had found a very low incidence of throm- 
boembolic problems after total hip replace- 
ment, and it is coimcidental that our results 
were so close to his. 

It also suggests that maybe prior experi- 
ence has to be reevaluated, since much of it 
was based on symotoms, and not all on pa- 
tients that had phlebograms. 
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Noninvasive Quantitation 
of Venous Hemodynamics in 
the Postphlebitic Syndrome 


Robert W. Barnes, MD, Iowa City; Paul E. Collicott, MD; 
David S. Sumner, MD; D. Eugene Strandness, Jr., MD, Seattle 


Strain-gauge plethysmography was em- 
ployed to quantitate the relative contribu- 
tions of venous outflow obstruction and 
venous reflux in the postphlebitic syndrome. 
Both limbs of 16 normal subjects and 23 pa- 
tients with venous stasis disease were stud- 
ied. There were no significant differences in 
the mean maximum venous outflow or incre- 
mental volume values in the normal controls 
and patients, respectively. However, only 
two (6%) normal limbs had outflow values 
less than the lower normal limit of 25 
ml/min/100 ml while 13 (33%) diseased 
limbs had outflows below this value. There 
were highly significant differences in the 
maximum venous reflux flow and reflux vol- 
ume between controls and patients. Strain- 
gauge plethysmography may become a valu- 
able noninvasive technique to aid in the 
diagnostic and therapeutic assessment of 
venous pathophysiology in patients with the 
postphlebitic syndrome. 


ce late pathophysiologic seque- 
lae of deep-vein thrombosis in- 
clude obstruction to venous return 
from the limb and retrograde reflux 
of blood through incompetent venous 
valves. If of sufficient severity and 
duration, these altered venous dy- 


namics may result in the post- 
phlebitic syndrome of edema, stasis 
dermatitis, and ulceration of the 
lower leg. While some qualitative as- 
sessment of venous obstruction and 
reflux may be obtained from phle- 
bography, heretofore there have been 
few investigations to quantitate the 
relative magnitude of these two path- 
ophysiologic processes in patients 
with venous stasis. 

Strain-gauge plethysmography has 
permitted noninvasive quantitation 
of maximum venous outflow for the 
accurate detection of acute deep- 
vein thrombosis.’ A plethysmograph- 
ic method of measuring maximum 
venous reflux in supine patients has 
been described recently.” The present 
investigation utilized these tech- 
niques to quantitate the relative con- 
tribution of venous outflow obstruc- 
tion and venous reflux in patients 
with the postphlebitic syndrome. 


Methods and Materials 


The studies were performed in an air- 
conditioned vascular laboratory with con- 
trolled temperature (23 to 25 C) and hu- 
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midity “42% te 43%). All subjects were 
carefully interrogated for a history of 
deep-veim threrbosis, pain, edema, stasis 
dermatizis, ukeration, or pulmonary 
thrombcemboli. Prior treatment with anti- 
coagularts, use of support stockings, and 
previous venas operations were docu- 
mented. In addition to a complete physical 
examination, al patients had an eval- 
uation of the d=p venous system with the 
Doppler altrasemic velocity detector for de- 
tection ef veneus patency and compe- 
tence.* 

The technique of quantitation of max- 
imum venous outflow by strain-gauge 
plethysmograph> was similar to that de 
scribed previous-y.' The legs of the supine 
patient are-elevated or pillows above atrial 
level. A mercury-in-silastic strain gauge is 
placed civcumferentialy about the max- 
imum gir-h of the-calf and is connected via 
a plethysmogrerh to a multichannel re- 
corder. A pnewmatic thigh cuff is in- 
flated to 50 mm Hg by a pressure-regu- 
lated air souree whieh occludes venous 
return and results in a ~ecorded increase in 
calf circumference (Fig 1). After the calf 
circumference st bilizes, the cuff is rapidly 
deflated te decompress the calf with a re- 
sultant recorded dowaslope. The strain 
gauge is ealibrated on a micrometer-con- 
trolled stretcher oar after each study. 

A tangent linedrawn to the initial (most 
steep) downslope (Fig 2) permits calcu- 
lation of maximam venous outflow (MVO) 
according to the formula: MVO (ml/ 
min/100 ml tissae) = —[(12,000/C) (de/ 
dt)], where de/dt is the rate of change of 
calf cireurrferense in centimeters per sec- 
ond, and C is the-calf circumference in cen- 
timeters. The mmus sign converts the 
mathematically negative downslope into a 
positive expressiva of autflow. Three out- 
flow determinations are performed on each 
leg, and the resul& are averaged. 

From the total ncrease in calf circum- 
ference in response to zhe veno-occlusive 
thigh cuff Fig 2) an expression of calf 
venous capacitamee can be calculated, 
the maximum venous incremental volume 
(MVIV):.MVIV (1/100 ml tissue) = (200 
AC)/C where AC 5 the increase in calf cir- 
cumference in cemimeters during cuff in- 
flation, and C is the calf circumference in 
centimeters. 

The technique “or quantitating max- 
imum venous reflux’ (Fig 3) involves the 
addition of a presimal thigh tourniquet 
that is temporarily _nflated above the arte- 
rial systelic pressure (830) mm Hg). With 
the limb thus isolated from the cireulation, 
the distal thigh cuff is rapidly inflated to 
50 mm Hg. The urderlyng thigh venous 
blood will be transibcated in only a distal 
direction at a rate and magnitude pro- 
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portional to the degree of venous valvular 
incompetence. From the upslope of the 
recorded increase in calf circumference 
(Fig 4), the maximum venous reflux flow 
(MVRF) can be calculated: MVRF (ml/ 
min/100 ml tissue) = (12,000/C) (de/ 
dt), where dc/dt is the rate of increase 
in calf circumference, in centimeters per 
second, and C is the calf circumference, in 
centimeters. From the recorded increase in 
calf circumference at ten seconds (Fig 4), 
the maximum venous reflux volume 
(MVRV) is calculated: MVRV (ml/100 
ml) = (200 AC)/C, where AC is the change 
of calf circumference in centimeters, at 
ten seconds, and C is the calf circum- 
ference in centimeters. 

Plethysmographic studies of venous out- 
flow and reflux were carried out on both 
limbs of 16 normal subjects and 23 patients 
with the postphlebitic syndrome. The nor- 
mal controls included nine males and seven 
females ranging in age from 15 to 47 with 
a mean age of 30 years. All were ambula- 
tory and none had a history or signs of 
venous disease. These individuals had nor- 
mal deep veins by Doppler examination. 

There were 20 men and three women 
with the postphlebitic syndrome. Their 
mean age was 48 years with a range of 26 
to 70. All had a history and signs of venous 
disease of a duration ranging from 1 to 33 
years with a mean of 11. Iliofemoral 
thrombosis had been present in 17 limbs, 
femoropepliteal involvement had devel- 
oped in 10 legs, and isolated calf vein 
thrombosis had occurred in 12. Sixteen pa- 
tients had involvement of both legs while 
in seven patients the disease was unilat- 
eral. One nondiseased limb was excluded 
from the study because of abnormal he- 
modynamics associated with severe vari- 
cose veins.* Thus, this investigation in- 
volved a total of 32 normal limbs of control 
subjects, 39 legs with the postphlebitic syn- 
drome, and six noninvolved limbs of pa- 
tients with unilateral stasis disease. 

Seventeen patients complained of leg 
pain, and 18 suffered dependent edema; 10 
had used support stockings. Stasis changes 
were noted in 18 patients, and 13 had de- 
veloped ulceration. Ten subjects had a his- 
tory of pulmonary thromboembolism, and 
four had undergone plication of the infe- 
rior vena cava. Eleven patients had re 
ceived anticoagulants. Twelve individuals 
had a history of prior venous operations. 

All patients had abnormalities of the 
deep veins by Doppler ultrasonic examina- 
tion, including findings of venous occlu- 
sion, coll:.teral or recanalized flow, and val- 
vular incompetence. Ten patients had 
further documentation of chronic venous 
disease by phlebography. 

Because of the possible correlation of 
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limb pair data for a given determination in 
any individual, the average of the plethys- 
mographic values of both limbs of the nor- 
mal subjects and the patients with bilat- 
eral disease was used for the statistical 
analyses. The values of the affected limb of 
patients with unilateral disease were com- 
bined with the mean values of the patients 
with bilateral involvement. The two- 
sample t test was utilized to determine the 
significance of any differences of mean val- 
ues of MVO, MVIV, MVRF, and MVRV of 
normal subjects and patients with the 
postphlebitic syndrome. The paired ¢ test 
was used to compare the results of the af- 
fected and uninvolved limbs of the pa- 
tients with unilateral disease. 


Results 


In the assessment of venous out- 
flow, the mean value of MVO for the 
normal subjects was 39Ł7 ml/ 
min/100 ml of calf tissue (mean 
+1 SD), and for the patients with 
the postphlebitic syndrome the MVO 
value averaged 34+ 15 ml/min/100 
ml. This difference is not statistically 
significant. The mean MVO value of 
the nondiseased limbs of the patients, 
46 + 19 ml/min/100 ml, did not differ 
significantly from the mean MVO 
value of the contralateral diseased 
limbs, 40 + 20 ml/min/100 ml, or that 
of the normal controls. 

Figure 5 depicts the MVO value of 
each limb of the individuals studied. 
Only two (6%) of the normal control 
limbs had an MVO value less than 25 
ml/min/100 ml, which is the lower 
limit of normal for this laboratory. 
However, 13, or 33%, of the post- 
phlebitic limbs had an MVO value be- 
low 25 ml/min/100 ml. Seven of these 
13 limbs were in patients with a plica- 
tion of the inferior vena cava. The 
mean MVO value of patients with 
caval plications, 18+3 ml/min/100 
ml, was significantly less than that of 
the remaining patients, 38+ 15 
ml/min/100 ml (P<.01). 

In tests of venous compliance, there 
was no significant difference between 


’the MVIV values of normal controls, 


2.10 + 0.46 ml/100 ml, and that of pa- 
tients with the postphlebitic syn- 
drome, 1.88 + 0.74 ml/100 ml. Figure 
6 depicts the MVIV value of each 
limb of the individuals studied. 

In evaluations of the rate of venous 
reflux, the MVRF value of normal 
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Fig 5.—Maximum venous outflow of each limb of normal subjects 
and patients with the postphlebitic syndrome. 


Fig 7.—Maximum venous reflux flow of each limb of normal sub- 
jects and patients with the postphlebitic syndrome. 
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Fig 6.—Maximum venous incremental volume of each limb of nor- 
mal subjects and patients with the postphlebitic syndrome. 


Fig 8.—Maximum venous reflux volume of each limb of normal 
subjects and patients with the postphlebitic syndrome. 
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controls averaged 3.1411 ml/ 
min/100 ml, while the mean value 
for the patiemts with the postphlebitic 
syndrome was 12.7 + 7.0 ml/min/100 
ml. This difference is highly signifi- 
cant (P<.00l. The average MVRF 
value for tm nondiseased patient 
limbs, 2.9+ L6 ml/min/100 ml, was 
not significamtly different from that 
of the normal cortrols but was signif- 
icantly lower zhan the mean value of 
the contralacerel diseased limbs, 
124+66 mi-min/100 ml, (P<.01). 


The individual valaes for MVRF of 


~ each limb studied are presented in 
= Fig 7. No morma. control had an 
. MVRF value greater than 6.0 ml/ 

min/100 ml, while that value was ex- 

ceeded in all but two patients (95%) 

with the postphle »itie syndrome. The 

mean MVRF ~ralve for patients with 
he caval plications, 80+ 1.4 ml/min/100 
-~ ml, was signifieantly less than that of 
ne “the remaining patients, 13.7 + 6.9 

— ml/min+#100 m (F<.01). 

In quantitetioa of volume of 
venous reflux, ~he mean MVRV value 
for the nermel controls was 
Eoy 0.07 mbP10C ml, while that of 

postphlebitis patients was 

o oat 0.31 ml/100 wl. This difference 

is highly sign ficant (P< 001). The 

mean MVRV value of the uninvolved 

" padin limbs, X2 + 0.20 ml/100 ml, 

=- was not significartly different from 

i if the normal centrols but did differ sig- 

ae nificantly from the value of the 

contralateral d sessed legs of these 

~ patients, 069+€24 ml/100 ml 

= (P<.005). The inäividual values of 

MVRV of all Embts studied are de- 
picted in Fig & 

Figure 9 illustraces representative 


plethysmograpiaic tracings of a 
woman with the pcstphlebitie syn- 


drome of the left lez 20 years follow- 


-ing acute thrombophlebitis. Although 
_ the outflow vale was slightly below 
normal in the atected limb, there is 
severe reflux in the left leg as com- 
pared to the rigat. 
~ _ There was no correlation of sever- 
k ity of outñow æ reflux abnormality 
with the duration since the onset of 
deep-vein thrombosis in these pa- 
tients. Likewise there was no re- 
lationship between the degree of 
pathophysiologiedymamics and the lo- 
cation of venous disease in the limb. 
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Fig 9.—Plethysmographic records of venous outflow and reflux in a patient with post- 
phlebitic syndrome of the left leg. Top left, Left leg MVO = 23 ml/min/100 ml: bottom left, 
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right leg MVO = 29 ml/min/100 ml; top right, left leg MVRF = 12.7 ml/min/100 mi: bot- 


tom right, right leg MVRF = 


Furthermore, there was no associa- 
tion between the magnitude of he- 
modynamic alteration with the sever- 
ity of clinical symptoms or signs of 
stasis disease. However, the lack of 
control of the activity and therapy of 
the limb may account for the lack of 
correlation of hemodynamics with the 
symptoms and signs of stasis disease. 
Indeed, the clinical limb status corre- 
lated most closely with the degree to 
which the patients adhered to use of 
adequate support stockings and other 
measures to avoid dependent edema. 
With the exception of plication of the 
inferior vena cava, prior venous oper- 
ations did not appear to influence the 
magnitude of the hemodynamic ab- 
normalities. 


Comment 


Whereas the clinical manifesta- 
tions of leg pain, edema, stasis der- 
matitis, and ulceration are recognized 
sequelae of deep-vein thrombosis, the 
relative contributions of venous ob- 
struction and valvular incompetence 
in any given patient are less well un- 
derstood. The variety of therapeutic 
approaches to the postphlebitic prob- 
lem, including elastic support, skin 
grafts, stripping of varicose veins, li- 
gation of perforators, ligation of the 
popliteal vein, and various venous by- 
pass graft procedures attest to the 
need to assess the venous patho- 


0.9 ml/min/100 ml. 


physiology in this syndrome. 
Phlebography has been a valuable 
adjuvant to evaluating the condition 
of patients with stasis sequelae. Both 
ascending? and retrograde tech- 
niques? have demonstrated obstruc- 
tion to venous flow, incompetent deep 
and perforating venous valves, and 
superficial venous collaterals and 
varices. However, such venous visual- 
ization fails to measure the relative 
magnitude of venous obstruction and 





reflux in the patients. Furthermore, _ 


the time, expense, discomfort, and 
technical challenges of phlebography 
limit its routine application for 
screening and follow-up studies. 
Among the earliest methods to as- 


sess venous pathophysiology in the | 
postphlebitic syndrome were investi- — 
gations of venous pressure in the 


superficial veins at rest and during 
ambulation.*® However, pressure 
measurements alone fail to reflect a 


true quantitation of flow dynamics. 


Furthermore, a delineation of the 
contribution of outflow obstruction 


and valvular incompetence is not pos- — 


sible from pressure determinations 
alone. 

The Doppler ultrasonic velocity de- 
tector has been a valuable diagnostic 
screening device as well as an impor- 
tant qualitative measure of venous 
obstruction and retrograde flow in 
patients with deep-vein thrombosis*:"” 
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or varicose veins." However, quanti- 
tation of the abnormal venous dy- 
namics is not possible with this tech- 


nique. Venous flow measurement 
with the electromagnetic flow meter 
at operation for varicose veins’? has 
provided insight into venous patho- 
physiology but is not suitable for 
screening or follow-up studies. Radio- 
isotope detection techniques“ have 
permitted quantitative assessment of 
abnormal venous dynamics, but the 
specialized equipment limits wide- 
spread application of such studies. 

Plethysmography has been a well- 
established technique for the non- 
invasive assessment of limb blood 
flow in man.'* Recently, plethys- 
mographic techniques have been ap- 
plied for the study of venous physiol- 
ogy.° Evaluation of venous 
outflow has usually involved an as- 
sessment of venous emptying of the 
calf after release of a thigh tourni- 
quet. Determination of venous reflux 
has frequently required an alteration 
of body position," ?™? such as sitting 
or use of a tilt table. Because of the 
complexity of such techniques and the 
potential errors from altered blood 
flow and transducer or tissue posi- 
tional shifts associated with change 
in body positions, the present method 
of venous reflux plethysmography 
was devised.’ 

This study revealed that the major 
pathophysiologic abnormality in most 
patients with the postphlebitic syn- 
drome was abnormal venous reflux 
through incompetent valves. How- 
ever, although there was no signifi- 
cant difference in the mean assess- 
ment of venous outflow in normal 
subjects and postphlebitic patients, 
many limbs of the patients (83%) had 
an MVO value below the normal 
lower limit of 25 ml/min/100 ml. Of 
interest is the fact that the majority 
of such instances occurred in patients 
with plication of the inferior vena 
cava. Furthermore, the patients 
with a caval plication had signifi- 
cantly less venous reflux than other 
patients with the postphlebitic syn- 
drome. Although the number of such 
patients is small, further study of pa- 
tients with caval plication is war- 
ranted. 

Despite a prior history of deep-vein 
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thrombosis, patients with the post- 
phlebitic syndrome had a mean 
MVIV value that did not differ signif- 
icantly from that of normal subjects. 
This reflection of a normal venous 
capacitance may be a result ef pro- 
gressive lysis and recanalization of 
previously thrombosed veins or devel- 
opment of new and larger collateral 
veins. Venous capacitance has been 
shown to be reduced during the pe- 
riod of acute deep-vein thrombosis.’* 
The temporal course of the evolu- 
tion of altered venous dynamics was 
not established by this study. 
Whereas in isolated instances, the 
MVO may return to normal within a 
few weeks after acute thrombophle- 
bitis, in other subjects the abnormal- 
ity of outflow obstruction may persist 
for months or years. Likewise, the de- 
velopment of significant venous re- 
flux may occur within weeks follow- 
ing acute deep-vein thrombosis 
whereas other patients may be spared 
such abnormality for a relatively long 
period. The location of the initial 
thrombosis may play a role in the sub- 
sequent hemodynamic abnormalities. 
However, there were no significant 
differenees in the altered venous dy- 
namics among patients with iliofemo- 
ral, femoropopliteal, or primary calf- 
vein thrombosis under the conditions 
of this study. Sequential, prespective 
objective studies of patients ‘rom the 
onset of acute deep-vein thrombosis 
will help to elucidate the pathophys- 
iologic evolution of this disease. 
These noninvasive quantitative 
studies may permit a more rational 
choice of therapy of patients with the 
postphlebitic syndrome. Thus, a pa- 
tient with a normal MVO value would 
not be a candidate for a venous by- 
pass graft procedure. Likewise, in the 
patient with severe outflow obstruc- 
tion, attempts at venous interrup- 
tionsorstrippings might be ill-advised. 
The directional Doppler ultrasonic ve- 
locity detector and _ strain-gauge 
plethysmography are valuable aids in 
localizing and quantitating venous 
reflux through deep, perforating, and 
superficial veins. Appropriate limb 
support or surgical measures can be 
instigated based upon such objective 
information. Finally, the neninvasive 
quantitation of venous hemodynam- 


ics by strain-gauge plethysmography 
may permit a more reliable assess- 
ment of such therapeutic or prophy- 
lactic agents as fibrinolysins, long- 
term warfarin sodium (Coumadin) or 
low-dose subcutaneous heparin so- 
dium therapy, and platelet anti- 
aggregants in minimizing the post- 
phlebitic sequelae of deep-vein 
thrombosis. 


William G. Yates, PhD, assisted with the 
mathematical formulations. 

Kao-Shing Huang, MA, performed the statisti- 
cal analyses. 
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MicH4=L Fume, MD, Boston: Dr. Barnes 
sent me the manuscript for which I am 
grateful I apologize for reappearing so 
soon. 

We have beard described a convenient 
adaptation of the old, cumbersome 
plethysn~graph to the problem of valvular 
insufficiency in che veins of the legs. The 
Seattle-lewa group thas previously re- 
ported that it is useful in the diagnosis of 
acute verous »bstruction also. There seems 
little question that we can make use of, 
and manage patients better with, one of 
these ple hysmozraphic techniques. If we 
can measure oucflow obstruction and re- 
flux, they will be more useful than the old 
modified Perhe test and other antique 
curiosities that are-stil! found in textbooks 
of physical diagnosis, but are little used, I 
suspect, by ary ef us. 

Plethysmog-aphie methods ought to be 
as helpfuFto physiological diagnosis as im- 
proved pHlebczrams and labeled fibrino- 
gen are, or may soon be, for morphological 
diagnosis, whether we are using the mer- 
cury-in-sikstie strain gauge or the imped- 
ance system of Pr. Wheeler or Dr. Cran- 
ley’s polygraph. 

I look ferward to hearing in the future 
of comparative trials af sensitivity where 
some of thes metheds are compared 
against eaeh other. 

For which patients will the information 
about reflux provide a decision on the dif- 
ferent types of therapy? Certainly, it will 
be a valuzble wey to follow new treat- 
ments, Maay o7 us have observed patients 
with masswe swelling, due to venous ob- 
struction, en a regimen of heparin sodium 


_ therapy amd steep elevation of the legs, 


who seem suddenly on a particular day to 
lose much ef this swelling. 

Now, if that patient has been on strep- 
tokinase therapy, it is irresistible to as- 
sume that tnere-has been lysis of a clot, but 
all too often we have done phlebograms 
and failed t shew this. Was it the opening 
up of collaterals? Well, serial plethys- 
mographic readings can be done con- 
veniently new, and may tell us what’s hap- 
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mental plethysmography: A new venous 
function test | Cac report). J Car- 
diovase Surg (Torino) 9:87-98, 1968. 

18. Dahn I, Eiriksson E: Plethysmo- 
prapiee diagnosis of deep venous throm- 
osis ef the leg. Acta Chir Scand [Suppl] 
398:33-42, 1968. 

19. Hallböök T, Göthlin J: Strain gauge 
plethysnogtapby and phlebography in 
iagnesis of deep vein thrombosis. Acta 
Chir Scand 187:37-52, 1971. 

20. Cranley JJ, et al: A plethysmo- 
graphic technique for the diagnosis of 


Discussion 


pening, or help us to decide whether 
functioning venous valves are preserved 
better from streptokinase therapy or from 
heparin. Cinephlebography seems less con- 
venient, and can’t be repeated serially. 

Dr. Barnes has indicated that these re- 
flux effects are modified not too much by 
standard treatment, and this isn’t surpris- 
ing, because we’re talking about elastic 
stockings or ligating perforator veins with 
incompetent valves, and this action is way 
out on the periphery. 

I think there is one group of patients, 
though, that we all see in the office in 
whom the plethysmograph will guide our 
treatment in a very practical way. These 
are women with painful legs, some of them 
taking the pill, who probably don’t have 
phlebitis, probably do have cyclic fluid re- 
tention, and may have an element of val- 
vular incompetence. With the plethysmo- 
graph, we will be better informed about 


whether to prescribe pressure-gradient 


stockings as part of a program that might 
also inclade salt restriction, weight reduc- 
tion, and so forth. 

A good vascular consultation service will 
need a plethysmograph hereafter, and I 
am indebted to the group in Seattle, partic- 
ularly Dr. Barnes and his colleagues, for 
drawing our attention to this very practi- 
cal version of it. | 

JAMES S. T. Yao, MD, Chicago: I would 
like to thank Dr. Barnes for sending me 
the manuscript, bringing this difficult sub- 
ject to our attention. 

In order to prevent the occurrence of 
postphlebitic syndrome, early detection 
and treatment of deep-vein thrombosis is 
probably most important. In order to ac- 
complish this, we use a technique similar to 
that described by Dr. Barnes and his col- 
leagues to study venous outflow in acute 
deep veneus thrombosis. 

We use an impedance plethysmograph, 
and apply a pressure cuff test similar to 
that in his technique. The rapid change in 
the impedance recording during sudden 
deflation ef the cuff represents the dynam- 
ics of venous outflow. 
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After deflation of the cuff in the normal 
subject, the venous outflow—represented 
by the downstroke of the curve—is rapid. 
The calculated percentage change per sec- 
ond is always greater than 1.0, 

When impeding the venous outflow in 
patients with calf-vein thrombosis, there 
will be a slow decrease in impedance, rep- 
resenting a slow downslope of this curve. 
The percentage change per second in this 
group of patients is always less than 1.0. 

We have not measured the venous reflux 
in our patients, and we consider this a good 
technique. In closing, I would like to ask 
Dr. Barnes just one question. 

Is there any way you can separate the 
retrograde flow due to incompetence of the 
valves of the superficial veins from the 
deep veins? As you all know, the so-called 
postphlebitic syndrome may represent a 
complex of both of these systems. 

PETER SAMUELS, MD, Encino, Calif: I 
think that the addition of the reflux mea- 
surement is a very valuable one, but I 
think also that the functional component, 
with the increased flow of blood into the 
exercising limb is also extremely impor- 
tant, and, therefore, I think that an adap- 
tation of the plethysmograph to the exer- 
cising limb should be carried out to 
separate reflux from incompetence of the 
valves producing an inefficiency of func- 
tion in the muscle pump. 

Rosert R. Linton, MD, Brookline, Mass: 
I have enjoyed this paper very much, and I 
think it confirms a few of the facts that I 
have learned by simpler methods of exami- 
nation over many years of treating the 
postphlebitic syndrome. There is one very 
important fact that I do not think many 
surgeons understand, which is that the 
postphlebitie syndrome develops because 
the deep venous system has canalized, and 
not because it remains occluded. 

I come from the Massachusetts General 
Hospital where we have in the past 30 
years interrupted at least 10,000 femoral 
veins. It is rare that a postthrombotic syn- 
drome has developed, or a postthrombotic 
ulcer has been seen in these patients. This 
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demonstrates that these phlebitic sequelae 
do not develop because the femoral vein 
has been interrupted. In fact, in my opin- 
ion, femoral vein interruption, if properly 
performed, is one of the best prophylactic 
procedures to prevent these from develop- 
ing. This is especially true if you see a pa- 
tient with an iliofemoral thrombosis of 24 
to 48 hours’ duration. 

I have found a very simple method of de- 
termining the patency of the deep circula- 
tion, by a modification of the Trendelen- 
burg test, and it tells you just about as 
much as this more elaborate method that 
has been described here today. It is per- 
formed by having the patient lie down, ele- 
vate the leg to drain the venous blood out 
of the superficial veins and a venous tour- 
niquet, with the use of a 2.54-cem Penrose 
tubing placed around the leg below the 
knee. The patient then stands up. As soon 
as he has assumed the erect position, if the 
veins in the lower extremity below the 
tourniquet are filled, one can be certain 
that the deep veins and the communicating 
veins of the lower leg are incompetent. 

The next step is to place the tourniquet 
in the same location with the patient in the 
erect position with the veins distended 
with blood. A reverse Trendelenburg test 
is performed then by having the patient lie 
down with the leg elevated. If the veins 
empty promptly, which I have always seen 
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them do, you can be certain that the deep 
venous circulation is patent and also in- 
competent. Thank you very much. 

Dr. BARNES: I would like to thank the 
discussants for their very pertinen: com- 
ments. 

Drs. Hume and Yao mentioned tie dif- 
ferent types of instruments that ean be 
utilized to approach this problem, and, in- 
deed, we do not champion any particular 
modality. I think the information can be 
provided, be it by impedance metheds, air 
plethysmographs, strain gauges, o> other 
techniques. 

I think that the number of patients 
whose therapeutic course is influenced by 
such information is not necessarily zreat. I 
believe our main interests are to beter un- 
derstand the physiological aspects of 
venous diseases. However, there are occa- 
sional patients whose therapy can be influ- 
enced by this information—in fact, one of 
the patients with low venous outflow who 
had a caval plication in this series 1ad had 
a prior stripping of varicose veins, which 
actually made his symptoms worse. This is 
very uncommon, in our experience. 

Certainly in order to evaluate the effi- 
cacy of streptokinase therapy, or for other 
therapeutic assessments—such cuantita- 
tive information may be of value. 

I especially appreciated Dr. Hume’s 
comments about the women who dave the 
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painful-leg syndrome. Strain-gauge ple- 
thysmography serves as an extra little 
gadget to work with these women, and 
that is really, I think, what a lot of them 
need—somebody to just work with their 
legs for a little bit, and a lot of their prob- 
lems disappear. 

I appreciate Dr. Yao’s excellent use of 
plethysmography—in his case, impedance— 
and he certainly is getting better curves 
than we have been able to obtain with the 
impedance technique in our institution. 

He points out the question of whether 
one can assess superficial deep venous he- 
modynamics, and we do, indeed, try to sep- 
arate these two. As one of the old masters, 
Dr. Linton has just mentioned the method 
we use—that of applying superficial tourni- 
quets. By using a rubber tourniquet, ap- 
plied below the knee and just above the 
gauge, we can separate out the superficial 
vs the deep component of the venous dy- 
namics with the patient lying flat. 

Dr. Samuels mentioned studies in exer- 
cising limbs. We have not performed these. 
I think there are a variety of areas that we 
can investigate with these techniques. 

Once again I thank Dr. Linton for his 
very historical perspective. We are always 
humbled when we get new gadgets and 
start applying these techniques to disease, 
to find truths that have been established in 
the past. 
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Letters to the Editor 


Cerfificaticn in Vascular Surgery 

To tue Editor.—As a move forward 
in the quest of excellence in vascular 
surgery, it kas been prcposed that 
those who wish to practice this art 
should qualif 7 for special certification 
under che aispices of the American 
Board df Surgery. This proposal was 
discus=d in seme detail at the recent 
meetings of zhe Society for Vascular 
Surgery and the International Cardi- 
ovascu_ar Society. 

Whac has rrompted the move is the 
knowledge that the bulk of vascular 
surgery in this country is being done 
by surgeons witheut special vascular 
training comoled with the presump- 
tion that much of it is done badly. 

At first glance it would appear that 
special cert fication would insure 
more extensrve training with wider 
exposure ard an opportunity to 
achieve technical excellence. This 
may be true but the discussion engen- 
dered sy the recent seminar has re- 
vealed some >roblems. 

To begin with the question has 
been raiseé as to what discipline 
should assume the responsibility for 
vaseular tra ning—cardiothoracic or 
genera surgery. Since it is a broad 
field includmg many commonplace, 
undramatic problems of the veins and 
lymphetics as well as of the arteries, 
it belongs squarely under the aegis of 
genera surgery. The busy cardiac 
surgeon dee= not have the time for 
these varied Droblems. If ene is to be 
labelec a vascular surgeon he should 
be in apositien to take the small with 
the large, the bad with the good, and 
the dull with the interesting. 

Second, we should resist further 
schism between vascular and general 
surgery. If we iselate ourselves and 
our resident training programs fur- 
ther fmom general surgery, we will 
end upwith Ess exposure of the gen- 
eral surgical trainee to the manage- 
ment af vascular emergencies. How- 
ever, it is net the vascular or cardiac 
surgeoa whe is usually or the scene 
first but the surgical resident or the 
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surgeon on call in the community hos- 
pital. Since the initial emergency 
management may spell the difference 
between success or failure, the efforts 
of our societies should be to improve 
and assist the general surgeons and 
the trainees in the management of 
vascular emergencies. 

On the other side of the picture we 
should recognize the reasons for dis- 
aster in vascular surgery. While there 
is no doubt that technical errors are 
responsible for many, it is even more 
likely that errors in appraisal and es- 
pecially errors in judgment are at 
fault. To acquire the necessary judg- 
ment to avoid such errors requires a 
large exposure and special training. 
Thus, we should foster the philosophy 
that, for elective reconstructive work, 
the general surgeon, even though 
technically adept, should leave this to 
individuals specially certified for it. 

How to assess the special qual- 
ifications of not only the trainee but 
also those already practicing as vas- 
cular surgeons is a difficult and chal- 
lenging problem. As Reemtsma has 
pointed out, numbers of cases done 
and time spent in training do not nec- 
essarily go hand in hand with excel- 
lence. It is possible that before taking 
any steps in this direction we should 
observe closely the solutions proposed 
by the pediatric surgeons in their 
quest for special certification. 

Finally, we should recognize our 
own responsibility to younger sur- 
geons by improving the quality of our 
reporting. For years the cardiac and 
vascular surgeons have labored to 
convince sometimes recalcitrant in- 
ternists and cardiologists of the 
worth of newly developed procedures. 
In a sense we have become super- 
salesmen and this tendency persists 
even after two decades of success. It 
is time we came of age and dis- 
couraged poorly documented report- 
ing and discussion. The younger, 
more impressionable surgeons take 
many of these comments by the well 
known figures as the gospel and fol- 


low suit without adequate eval- 
uation—often at the expense of their 
patients. 

In summary, I suggest that vascu- 
lar surgery belongs under the aegis of 
general surgery. I suggest that we 
further the training of the general 
surgical residents to handle the acute 
problems of major blood vessel injury 
and acute occlusion. On the other 
hand, I urge general surgeons to rec- 
ognize that the handling of difficult 
elective problems requires extra 
training to avoid errors in judgment, 
even though they may have the re- 
quired technical skill, and that there 
is the need for special certification. 
However, I suggest a period of obser- 
vation of the pediatric surgeons to 
note the pitfalls encountered in the 
especially knotty problem of qual- 
ifying the man of limited training by 
present standards but who has al- 
ready practiced as a specialist for 
many years. And, finally, I suggest a 
freshening and more critical attitude 
in our appraisal of our own work to 
provide a better basis for surgical 
judgment. 

FERDINAND F. MCALLISTER, MD 

Chief of Vascular Service 

College of Physicians and 
Surgeons 

Columbia University, New York 


Hepatic Venous Obstruction and 
Bile Flow 


To the Editor.—In a recent paper, 
Sadiq et al reported that hepatic 
venous obstruction did not increase 
the rate of bile flow.! We have re- 
ported a significant increase in the 
rate of bile flow with hepatic venous 
obstruction.’ 

The methods employed in these two 
canine studies were quite different. 
We placed an inflatable Fogerty cath- 
eter in the distal common bile duct. 
This was transiently occluded during 
measurement of bile flow. Sadiq et al 
divided the common bile duct to pro- 


Letters to the Editor 815 


is 
P ni - 
Peri ee 


n t i . 4 
DA a NS Se <3 


ee ee ee ere es See Ee el SOE. Ree ee ee te ee eee Le ee tee 8! TS 








A b 
-Ae h ss c ° > 
oid A A eoa l et P 


iins bao Se er 


— sa 


or 


duce a total external biliary fistula. 
Bile was refed. Without discussing 
their relative merits, I believe that 
these two techniques differ to a de- 
gree that prevents accurate compari- 
son of results. 

We documented bile output in 
seven dogs before and after partial 
occlusion of the thoracic inferior vena 
cava. Sadiq et al question the 
propriety of inclusion of three of 
these seven dogs. In two of these we 
believed the experiment was techni- 
cally unsatisfactory. Neither mani- 
fested significant increase in bile 
flow. Their exclusion would make the 
increase in rate of flow of bile follow- 
ing caval constriction more signifi- 
cant. We do not believe that exclusion 
of the third dog is indicated. A 
marked increase in bile flow was 
recorded on three different days be- 
fore death with massive ascites. 

_A significant decrease in bilirubin 
concentration occurred in our dogs 
following caval constriction. Bile acid 
concentration was calculated in three 
of the six dogs of Sadiq et al. The con- 
centration fell in two. A decreased so- 
lute concentration would most likely 
result from either an increase in wa- 
ter or a depletion of the bile salt pool. 

We will look forward to publication 
of additional data to resolve the ques- 
tion of the effect of hepatic venous 
outflow obstruction on the rate of bile 
flow. 

ARTHUR J. DONOVAN, MD 
Mobile, Ala 
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Reply 


To the Editor.—Donovan et al are, 
of course, justified in pointing out 
that the experimental methods em- 
ployed by them’ and by us? were en- 
tirely different. Perhaps, as they sug- 
gest, there is no reason for comparing 
them at all. 

One cannot quibble with the 
markedly increased bile flows mea- 
sured by Lenthall et al in seven pa- 
tients with severe, parenchymal liver 
disease. This suggests increased bile 
flow in liver disease with presumed 
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hepatic congestion, although only one 
of these seven patients exhibited as- 
cites at laparotomy, and then only a 
minimal amount (300 ml). 

We maintain that, in their animal 
study, Donovan and his colleagues 
failed to document one important 
proof of hepatic congestion—ascites. 
We have personally made the error of 
estimating constriction of the vena 
cava to 50% of original diameter, only 
to find later that the constriction was 
too little (no ascites) or too much (the 
dog died). Well-controlled hepatic 
congestion in the dog results in con- 
trolled ascites production. 

The data of Donovan et al do sug- 
gest increased bile flow in four, or 
possibly five, dogs. Because we be- 
lieve that our results in six dogs have 
equal validity, and are different from 
theirs, we feel that the case is not 
closed. 

SULEMAN SADIQ, MD 
SUDHAKAR Rao, MD 
IRVING F. Enquist, MD 
Brooklyn, NY 
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Compression Bandage for 
Lower Extremities 


To the Editor.—It is generally rec- 
ognized that compression following 
operations on the venous system of 
the lower extremities is beneficial. A 
satisfactory compression bandage not 
only discourages hematoma forma- 
tion, but reduces edema and contrib- 
utes to the patient’s well-being as ini- 
tial ambulation is begun. The 
disadvantages of elastic bandages 
and antiembolic stockings, ie, loosen- 
ing requiring constant rewrapping, 
tourniquet effect, difficulty with 
proper “fit,” are well known. Un- 
happy with these usual alternatives, 
we of the Surgical Service of the Uni- 
versity of Illinois began using an 
elastic bandage with adhesive back- 
ing for this purpose. This provides a 
firm, compressive force that remains 
in place without becoming loose or 


sliding on itself. The adhesive elastic 
bandage is applied with the adhesive 
side on the outside, obviating the un- 
pleasant disadvantage of adhering to 
regrowing hair and suture lines. Lib- 
eral dusting with tale immediately 
after application prevents trouble- 
some adherence to clothing, bed- 
clothes, and dirt. This has resulted in 
a most satisfactory solution to the 
problem, virtually free of all the dis- 
advantages characteristic of the usual 
methods. 

WILLIAM S. BATTLE, MD 

Chicago 


The Authors Are to Be Congratulated 


To the Editor—We have again 
reached that time of year when the 
above bromide will be repeated at ev- 
ery national surgical meeting. This to 
be followed closely by—“I too wish to 
compliment the authors,” “. . . have 
made a very important contribution, 
etc,” “. .. appreciate the honor of dis- 
cussing the presentation of this excel- 
lent paper,” “I have always been a bit 
reluctant to stand up and give a case 
report, but today ...,” “. .. thor- 
oughly enjoyed this beautiful discus- 
sion and commend the authors,” and 
“typical of the careful work we have 
learned to expect from Dr. Blank’s 
department.” 

These cliches and superlatives of 
commendation were uttered by dis- 
cussants of papers at a recent surgi- 
cal meeting. They will again be made 
at the same meeting next year and at 
subsequent discussions at other meet- 
ings this year. Over the years their 
repetition is tiresome to the point of 
nausea. There is nothing objection- 
able with any of these pronounce- 
ments the first time they are said, but 
to hear them over and over ad infini- 
tum is boring indeed. 

Strange as it may seem, these are 
always made by the same discussants. 
You know very well when Dr. X 
rushes wildly for the platform he will 
give a few platitudes about the au- 
thor and his work and follow this with 
a completely irrelevant dissertation, 
often giving a second paper of his 
own. The effect of these kudos and ex- 
traneous views is to stifle all contrib- 
utory or controversial discussion. The 
result is that the captive audience is 
lulled into an unproductive uncon- 
sciousness. 

FREDERIC W. TAYLOR 
Indianapolis 
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Book Review Editor 
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Endoscopy and Biopsy of the Esoph- 
agus dad Home: A Color Atlas. By L 
Demling, MD. 2 Ottenjann, MD, K Elster, MD. 
Price, not g:vex. Pp 126. WB Saunders Co, West 
Washington Square, Philadelphia 19105, 1972. 


The receat explosive growth in 
fiberoptic technology has produced a 
series of seohisticated, fully flexible 
endoscopes that can be easily, com- 
fortably, amd safely introduced into 
the esophagus, stomach, and duode- 
num for ex loration of these areas. 
The versatility of these instruments 
and the invaluable information they 
provide has deen widely disseminated 
in the medizal press and enthusias- 
tically recer~ed by the medical com- 
munity. Endoscopy has now come to be 
a routinely aceepted procedure in 
nearly all hespitals and clinics. 

For this reason, Endoscopy and 
Biopsy of the Esophagus and Stomach: 
A Color Atlas, by Demling et al is es- 
pecially timely and valuable. The vol- 
ume is small but comprehensive and 
well-organized. Each disease is de- 
fined and comcisely summarized with 
respect to imcidenee, cause and patho- 
genesis, diagnosis on clinical pre- 
sentation, emdoscopic findings, and 
therapy. Con~enient up-to-date refer- 
ences adequetely document the im- 
portant faets and cite original works. 
The book is 2asy tə read and beau- 
tifully illustrated. Most of the 235 il- 
lustrations are eolered photographs 
whieh, like <he Chinese proverb, are 
“worth a million words.” 

Although originally planned as an 
atlas for these “who have recently 
been trained by gastroenterologist,” 
the volume will have a much wider 
appeal and is enthusiastically recom- 
mended to all who are involved in the 
care of patierts. 

Amaprico A. ABBRUZZESE, MD 
Bosten 


Instructional Course Lectures. By the 
American Academy of Orthopaedic Surgeons. 
Price, $22.50. Pp 381. CV Mosby Co, 11830 West- 
line Industrial Dr St. Leuts 63141, 1972. 


This volume presents lectures and 
symposia given at the 1971 meeting 
of the Ameriean Academy of Ortho- 
paedic Surgests. Some of the mate- 
rial is new ani documented; some is 
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the accumulated experience of the au- 
thors; some is a review of the work of 
others. The book is directed primarily 
toward orthopedists and will be most 
useful to students and practitioners 
of arthopedics. 

Many changes in surgical tech- 
niques are evolutionary rather than 
revelutionary. The evolutionary 
changes find expression in this vol- 
ume when they might not appear in 
standard journals. Some lectures deal 
very specifically with technical details 
(eg, surgery for hallus valgus, slipped 
femoral capital epiphysis, and the 
cervical spine) and thus provide im- 
portant information for those doing 
such surgery. 

Most of the lectures are very prac- 
tical expositions of subjects useful to 
all orthopedists. Other specialists 
(psychiatrists, internists, neurosur- 
geons, anesthesiologists, embryolo- 
gists) have made valuable contribu- 
tions to this publication, placing 
information within reach of ortho- 
pedists which might not otherwise 
appear in the orthopedic literature. 
Some lectures are rather specialized 
(eg, the ones on how to do electro- 
myographic examinations, how to 
prepare slides, diagnosis of the 
dysmorphic child, and prenatal hip 
development) and useful more as ref- 
erenees. 

The publication is well put together 
with an adequate index and an abun- 
dance of excellent illustrations. It 
should be part of every reference li- 
brary and of libraries serving or- 
thopedic residents. Most orthopedists 
will find this a useful addition to their 
personal libraries. 

GERALD S. Laros, MD 
Little Rock, Ark 


Morphology in Lung Transplantation. 
Edited by Charles R H Wildevuur. Price, $31.36. 
Pp 248. S Karger AG, Arnold-Bocklin Strasse 25, 
CH-4011, Basel 11, Switzerland, 1973. 


In April 1972, a Symposium on Mor- 
phology of Lung Transplantation was 
organized as part of the Seventh Con- 
gress of the European Society for Ex- 
perimental Surgery. It was the pur- 
pose of the symposium to bring 
together interested surgeons and pa- 
thologists to present available mor- 
phologic material from autotrans- 
plantation and _ allotransplantation 
of the lung in experimental animals 
and man. 

The volume contains 24 formal pre- 
sentations made at that meeting. The 


text is divided into three major sec- 
tions entitled “Rejection,” “Preserva- 
tion,” and “Regeneration/Degenera- 
tion.” A short summation of panel 
discussions concludes each section. 

The first section is composed of a 
series of histologic observations of 
autotransplantation and allotrans- 
plantation of the lung in dogs, ba- 
boons, and man with and without 
immunosuppressive therapy. Most pa- 
pers include both light and electron 
microscopic observations. There was 
general agreement of the description 
of allograft rejection in untreated an- 
imals. There was less agreement re- 
garding the morphology of rejection 
in immunosuppressed recipients. Pre- 
sentations were for the most part re- 
stricted to morphologic descriptions 
of rejection patterns. There was little 
correlation with physiologic, immuno- 
logic, or genetic aspects of transplan- 
tation. 

The section on preservation was 
quite brief. It consisted primarily 
of ultrastructure studies of early 
changes in isolated perfused lungs 
and in autotransplanted and allo- 
transplanted lungs in dogs. 

The final sections provided some 
new and interesting morphologic 
data in animals surviving many years 
after autotransplantation of the lung. 
It appeared that extrapulmonary 
nerve regeneration did not occur but 
that structure otherwise might be 
quite normal many years after auto- 
transplantation. 

This book will be of interest to 
those involved in studies of trans- 
plantation of the lung. Because of the 
limited nature of the subject matter, 
however, it is unlikely this volume 
will be particularly useful to the gen- 
eral reader. 

Davip A. BLUMENSTOCK, MD 
Cooperstown, NY 


Cosmetic Facial Surgery, ed 1. By Thomas 
D Rees, MD, Donald Wood-Smith, MD. Price, 
$55. Pp 609, with over 1,500 illustrations. WB 
Saunders Co, West Washington Square, Phila- 
delphia 19105, 1973. 


This book is notable for the excel- 
lence of its information, illustrations, 
and photographs. The authors and the 
contributors write from a strong ex- 
perience in cosmetic facial surgery 
and the reader will benefit, as will his 
patients, from their skilled, common 
sense approach. Topics covered are 
concepts of beauty, selection of pa- 
tients, social and psychological fac- 
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tors, anesthesia, blepharoplasty, face 
lift, chemabrasion and dermabrasion, 
silicone injection, rhinoplasty, nasal 
physiology, mentoplasty, prognathism, 
cheiloplasty, otoplasty, and the treat- 
ment of baldness. 

The appearance of this book is a 
commentary on the evolution of this 
surgery, which once had to be prac- 
ticed in secret outside the medical 
mainstream. Later, it became toler- 
ated within the general hospital if the 
plastic surgeon redeemed himself by 
doing also reconstructive procedures. 
Even today in the university setting, 
cosmetic surgery has achieved only an 
uneasy balance, particularly in its re- 
lations with general surgery. There 
are parallels with the development 
and acceptance of psychiatry. A ma- 
jor difference is that psychiatric skill 
can help other specialists to do their 
work, eg, a patient anticipating a pel- 
vic exenteration can be better pre- 
pared emotionally for surgery and 
can be helped postoperatively with 
the depression interfering with her 
recovery. Such facilitation of the 
work of others is not characteristic of 
aesthetic surgery. It must stand on 
its own in terms of the good it does 
the patient. 

The results in techniques shown in 
this superb book by Rees and Wood- 
Smith provide considerable evidence 
that the surgery of appearance has 
indeed won its wings. 

R.M.G. 


Books Received 
But Not Reviewed 


Periphere Osteosynthesen. By U Heim, 
KM Pfeiffer. Price, $38.10. Pp 314. Springer-Ver- 
lag, Heidelberger Platz 3, Berlin, 1972. 


Zentrale Storungen der Temperatur- 
regulation. By G Lausberg. Price, $25.40. Pp 
168. Springer-Verlag, Molkerbastei 5, Postfach 
367, A-1010 Wien, Austria, 1972. 


Progress in Surgery, vol 2. Edited by M All- 
gower, SE Bergentz, RY Calne, UF Gruber. 
Price, $20.50. Pp 131. S Karger AG, Arnold-Bock- 
lin Strasse 25, CH-4000, Basel 11, Switzerland, 
1973. 


Your Prostate. By Robert L Rowan, MD, 
Paul Gillette, PhD. Price, $5.95. Pp 147. Double- 
day & Company Inc, Garden City, NY, 1973. 


Advances in Stereoencephalotomy, vol 
6. Edited by EA Spiegel, T Riechert, HT Wycis. 
Price, $25.15. Pp 298, with 103 illustrations. S 
Karger AG, Arnold-Bocklin Strasse 25, CH-4000, 
Basel 11, Switzerland, 1972. 


Paediatrische Fortbildungskurse Fuer 
Die Praxis, vol 36. By M Bettex. Price, $14.90. 
Pp 193. S Karger AG, Arnold-Bocklin Strasse 25, 
CH-4000, Basel 11, Switzerland, 1973. 
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Ultrasonics: The Low- and High-Inten- 
sity Applications. By Dale Ensminger. Price, 
$24.50. Pp 570. Marcel Dekker Inc, 95 Madison 
Ave, New York 10016, 1973. 


The Child With an Acquired Amputa- 
tion. By George T Aitken, MD. Price, $5.50. Pp 
162. National Academy of Sciences, 2101 Consti- 
tution Ave, Washington DC 20418, 1972. 


Advances in Proctology. Edited by RK 
Menda. Price, not given. Pp 312. Eastern Medical 
Books Distributors, Popular Press Building, 35C 
Tardeo Rd, Bombay 34, India, 1968. 


Cancer Chemotherapy. By Edward S 
Greenwald, MD. Price, $8. Pp 464. Medical Ex- 
amination Publishing Co Inc, 65-36 Fresh 
Meadow Lane. Flushing, NY 11365, 1973. 


Reconstruction Surgery and Traumatol- 
Ogy. Edited by C Chapchal. Price, $2745. Pp 
209. S Karger AG, Arnold-Bocklin Strasse 25, 
CH-4000, Basel 11, Switzerland, 1972. 


Prolactin and Carcinogenesis. Edited by 
AR Boyns, K Griffiths. Price, $10. Pp 230. Alpha 
Omega Alpha Publishing, College Buildings, 
University Place, Cardiff, Wales, 1972. 


The Critically Ill Child: Diagnosis and 
Management. By Clement A Smith, MD. 
Price, $11.75. Pp 276. WB Saunders Co, West 
Washington Square, Philadelphia 19105, 1972. 


Advances in Ophthalmology: Micro- 
surgery of Ocular Injuries. By RC Trout- 
man, MD. Price, $27.45. Pp 216. S Karger AG, 
Arnold-Bocklin Strasse 25, CH-4000 Basel 11, 
Switzerland, 1972. 


Hospitals: A Systems Approach. By Ray- 
mon D Garrett. Price, $12.50. Pp 171. Auerbach 
Publishers, 121 N Broad St, Philadelphia 19107, 
1973. 


News and Comment 


Diagnostic Ultrasound Physicians 
Training Course.—This program is to 
provide a basic indoctrinatien for 
physicians interested in establishing 
an active program of diagnostic ul- 
trasound in their own hospitals. 

Seminar presentations, demenstra- 
tions, and workshops will embrace all 
of the four types of information used 
in diagnosis. Some of the speakers 
will be Gilbert Baum, MD, Barry 
Goldberg. MD, Stuart Gottlieb, MD, 
Raymond Gramiak, MD, Morris Kot- 
ler, MD, Mare Lapayowker, MD, 
George Leopold, MD, J. Stauffer Leh- 
man, MD, William McKinney, MD, 
Gordon Perlmutter, MD, Bernard Sie- 
gel, MD, Renate Soulen, MD, William 
Steel, MD, and Marvin Ziskin. MD. 

The dates of these courses are Dec 
10 through 14, 1973; March 25 through 
29, 1974; and May 20 through 24, 1974, 
at Episcopal Hospital, Philadelphia, 
Section of Diagnostic Ultrasownd, De- 
partment of Radiology. 

Tuition is $200, which includes daily 
luncheon and transportation to and 


from the Bellevue Stratford, a center 
city hotel. 

Enrollment is limited to a max- 
imum of 15 physicians for each 
course. 

If interested, write to Barry B. 
Goldberg, MD, Program Director, 
Section of Diagnostic Ultrasound, De- 
partment of Radiology, Episcopal 
Hospital, Front Street and Lehigh 
Avenue, Philadelphia 19125. Also in- 
clude information about your ultrason- 
ic equipment and experience. 


Meeting of the European Society for 
Experimental Surgery.—The Tenth 
Meeting of the European Society for 
Experimental Surgery will be held in 
Paris from April 6 through 9, 1975. 


Meeting of the European Society for 
Experimental Surgery.—The Ninth 
Congress of the European Society for 
Experimental Surgery will be held in 
Salzburg, Austria, May 14 through 17, 
1974. The scientific program will be 
devoted to the following: (1) cardio- 
genic shock, (2) formation and inhibi- 
tion of metastasis, (3) transplanta- 
tion and immunology, (4) portal 
hypertension, (5) organ preservation 
and cryobiology, (6) surgery of the 
biliary and pancreatic duct system, 
and (7) plastic and reconstructive sur- 
gery. 

Abstracts should be submitted to 
the Organizing Committee, Ninth 
Congress of the European Society for 
Experimental Surgery, Ludwig Boltz- 
mann-Institut f Exp Chirurgie, Lan- 
deskrankenanstalten, A-5020 Salz- 
burg, Austria, no later than Jan 15, 
1974. 


Information Available on Amputees 
in the Veterans Administration.—Five 
hundred fifty-nine lower extremity 
amputations were performed for is- 
chemia in 14 VA hospitals in 1967. A 
collaborative prospective survey was 
made on them by investigators from 
these hospitals. They reported the 
highlights of the survey in the An- 
nals of Surgery (176:305-314, 1972). A 
large body of important additional 
data and correlations which could not 
be included in the first report has 
been placed on file in the library of 
the Veterans Administration’s Re- 
search and Development Division, 
Prosthetic and Sensory Aids Service, 
252 Seventh Ave, New York 10001. It 
is thus now open to the public for 
study. 
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/23/70 Large gastric ulcer 
en wer portion of angulus. 


endoscopy reveals it took 
7% weeks to get from here... 


to here. 
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qealed. Indentation 
-ep pesents scar from ulcer 
>reter. 


The need to provide an adequate 
therapeutic regimen. 


The goa of medical treatment of a peptic uleer is to 
promote optimum conditions for the natural healing process by 
helping to reduce gasiric secretion and hypermoti ity as well 
as undue anxetr. 


The need to treat the psyche as well 
as the soma. 


It has beer saidthat in peptic ulcer the psyche may require 
as much atteica as the soma.? This is reasonable since it is 
well known that undue anxiety from emotional stress can 
frequently camse an increase in gastric secretions and also 
hypermotility.. conditions that might adversely affect the 
healing process and interfere with remission. This is where 
dual-action L_brax can help. 


|. Data on file, 4of%mann-La Roche Inc., Nutley, N.J. 07110. 
2. Perkel, L. L.=J.Med. Soc. New Jersey, 65:242, 1968. 


Helps to relieve undue anxiety, reduce G.I. 
hypermo#ility and hypersecretion. 


Only Lixrax combines in a single capsule the well-known 
antianxiety aGic m of Librium® (chlordiazepoxide HCl) and the 
dependable aatisecretory/ antispasmodic action of Quarzan® 
(clidinium Br . ~ ^e action of Librium helps reduce excessive 
anxiety whick nmy intensify the hydrochloric acid flow in the 
gastrointestinal ract_At the same time, the action of Quarzan, 

a dependable anc.chotinergic, helps to reduce G.I. hypermotility 
and hypersecret»en to help relieve associated pain and spasm. 


Up to 8 capsules daily in divided doses. 


For optama. response, dosage should be adjusted to your 
patient’s requ ranens—1 or 2 capsules, 3 or 4 times daily. 

Rx: Litrax #35 for initial evaluation of patient response 
to therapy. 

Rx: Librax #100 for follow-up therapy —this prescription 
for 2 to 3 wee zs’ medication can help maintain patient gains while 
permitting less f-equent visits. 


Before prescribing, please consult complete product 
information, a summary of which follows: 

Indications: Symptomatic relief of hypersecretion, hy- 
permotility and anxiety and tension states associated with or- 
ganic or functional gastrointestinal disorders; and as adjunctive 
therapy in the management of peptic ulcer, gastritis, duo- 
denitis, irritable bowel syndrome, spastic colitis, and mild 
ulcerative colitis. l 

Contraindications: Patients with glaucoma; prostatic 
hypertrophy and benign bladder neck obstruction, known 
hypersensitivity to chlordiazepoxide hydrochloride and/or 
clidinium bromide. 

Warnings: Caution patients about possible combined 
effects with alcohol and other CNS depressants. As with all 
CNS-acting drugs, caution patients against hazardous occupa- 
tions requiring complete mental alertness (e.g., operating ma- 
chinery, driving). Though physical and psychological depend- 
ence have rarely been reported on recommended doses, use 
caution in administering Librium (chlordiazepoxide hydro- 
chloride) to known addiction-prone individuals or those who 
might increase dosage; withdrawal symptoms (including con- 
vulsions), following discontinuation of the drug and similar 
to those seen with barbiturates, have been reported. Use of 
any drug in pregnancy, lactation, or in women of childbearing 
age requires that its potential benefits be weighed against its 
possible hazards. As with all anticholinergic drugs, an inhibit- 
ing effect on lactation may occur. 

Precautions: In elderly and debilitated, limit dosage to 
smallest effective amount to preclude development of ataxia, 
oversedation or confusion (not more than two capsules per 
day initially; increase gradually as needed and tolerated). 
Though generally not recommended, if combination therapy 
with other psychotropics seems indicated, carefully consider 
individual pharmacologic effects, particularly in use of po- 
tentiating drugs such as MAO inhibitors and phenothiazines. 
Observe usual precautions in presence of impaired renal or 
hepatic function. Paradoxical reactions (e.g., excitement, stim- 
ulation and acute rage) have been reported in psychiatric pa- 
tients. Employ usual precautions in treatment of anxiety states 
with evidence of impending depression; suicidal tendencies 
may be present and protective measures necessary. Variable 
effects on blood coagulation have been reported very rarely in 
patients receiving the drug and oral anticoagulants; causal re- 
lationship has not been established clinically. 

Adverse Reactions: No side effects or manifestations 
not seen with either compound alone have been reported with 
Librax. When chlordiazepoxide hydrochloride is used alone, 
drowsiness, ataxia and confusion may occur, especially in the 
elderly and debilitated. These are reversible in most instances 
by proper dosage adjustment, but are also occasionally ob- 
served at the lower dosage ranges. In a few instances syncope 
has been reported. Also encountered are isolated instances of 
skin eruptions, edema, minor menstrual irregularities, nau- 
sea and constipation, extrapyramidal symptoms, increased and 
decreased libido—all infrequent and generally controlled with 
dosage reduction; changes in EEG patterns (low-voltage fast 
activity) may appear during and after treatment; blood dys- 
crasias (including agranulocytosis), jaundice and hepatic dys- 
function have been reported occasionally with chlordiazepox- 
ide hydrochloride, making periodic blood counts and liver 
function tests advisable during protracted therapy. Adverse 
effects reported with Librax are typical of anticholinergic 
agents, i.e., dryness of mouth, blurring of vision, urinary hes- 
itancy and constipation. Constipation has occurred most often 
when Librax therapy is combined with other spasmolytics 
and/or low residue diets. 


relieves anxiety-linked 
symptoms of peptic ulcer 


eg adjunctive 
Librax@ 


Each capsule contains 5 mg chlordiazepoxide HCI 
and 2.5 mg clidinium Br. 





endoscopy 
reveals 
it took 
74 weeks 
to get 
from here... 


1/23/70 Large gastric ulcer 
on lower portion of angulus. 


to here. 


13/70 Ulcer completely 


healed. Indentation 


represents scar from ulcer 


crater. 


Case history: ' 


A 40-year-old male, weighing 165 lbs, reported experiencing, 
for two months, acute epigastric and periumbilical cramping-type pain 
accompanied by nausea with occasional episodes of vomiting, but with 
no evidence of hemoptysis. 

Physical examination revealed epigastric tenderness. A G.I. 
series indicated a large, rounded ulcer, presumably a chronic peptic 
ulcer, measuring 21⁄2 cm at the base, on the lesser curvature of the 
stomach at the junction between the body and antrum. 

Endoscopic findings, as recorded with the gastrocamera, 
distinctly revealed a large ulcer, presumably a chronic peptic ulcer, 
on the lower portion of the angulus. 

The patient was hospitalized for 2 weeks on a modified ulcer 
regimen of dietary management, Librax and an antacid. Symptomatic 
relief was progressive. After 72 weeks on this therapeutic regimen, 
which included 2 capsules of Librax 4 times daily, endoscopy 
revealed the ulcer had completely healed. 


relieves anxiety-linked 
symptoms of peptic ulcer 


adjunctive 


Librax: 


Each capsule contains 5 mg chlordiazepoxide HC] 
and 2.5 mg clidinium Br. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, N.J. 07110 


Please see preceding page for 
summary of prescribing information. 
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BEEPS Se cee on ee 


For the surgeon 


The documented properties 
of DALMANE ‘(flurazeoam HCI) 


for sleep 


Dalmane (flurazepam HCI) is a distinctive sleep medica- 
tion—a benzodiazepine specifically indicated for insomnia. 
It is not a barbiturate or methaqualone, nor is it related 
chemically to any other available hypnotic. 

The properties of Dalmane have been carefully defined 
and thoroughly evaluated. Results of these investigations — 
many of which are cited here—have documented the effec- 
tiveness and relative safety of Dalmane when the etiology 
of insomnia indicates need for sleep medication. 





Prompt, sustained sleep response" 


Effective night after night?*°°* 





1. Kales, A.: “Psychophysiological and Biochemical 
Changes Following Use and Withdrawal of Hypnotics, 
in Kales, A. (ed.): Sleep: Physiology and Pathology, Phila- 
delphia, Lippincott, 1969, p. 331. 2. Kales, J., et al.: Clin. 
Pharmacol.Ther., 12:691,1971.3.Jacobson, A., etal. :Psy- 
chophysiology, 7:345,1970. 4. Kales, A., and Kales, J.: 





Relative safety "4" 








Consistent relief of insomnia 
in postsurgical patients” 


JA.M.A.,213:2229, 1970.5. Frost, J. D., Jr.: “A System 
for Automatically Analyzing Sleep,’ Scientific Exhibit pre- 
sented at Clinical Convention, A.M.A., Boston, Nov. 29- 
Dec. 2, 1970; and at 42nd Annual Scientific Meeting, 
Aerospace Med. Assoc., Houston, April 26-29, 1971. 
6. Karacan, l., etal.: “The Sleep Laboratory in the Investi- 
gation of Sleep and Sleep Disturbances, Scientific 
Exhibit presented at Amer. Psychiat. Assoc., Washington, 
D.C., May 3-7, 1971. 7. Hartmann, E.: Psychopharma- 
cologia (Berl.), 12:346, 1968. 8. Dement, W. C.: Data on 
file. Mecical Department, Hoffmann-LaRoche Inc., 





Usefulness in chronically 
anticoagulated patients" 





Nutley, N.J. 9. Vogel, G. W: Data on file, Medical Depart- 
ment. Hcffmann-La Roche lnc., Nutley, N.J.10. Kales, A., 
and Kales, J. D.: Pharmacol. Physicians, 4:1, 1970. 
41. Data cn file, Medical Department, Hoffmann-La Roche 
Inc., Nutley, N.J. 12. Kales, A., et al.: Arch.Gen. Psychiat., 
23:226.1970. 13. Meyer, J. A.: “Flurazepam Hydrochlor- 
ide for the Short-Term Treatment of Insomnia in the 


*Generally, when adverse effects were reported clinically with Dalmane 
(flurazepam HCI), they were mild and infrequent. Dizziness, drowsiness, 
lightheadecness and the like were the side effects noted most often, 
particularly nthe elderly or debilitated. (An initial dose of Dalmane 15 mg 
should be prescribed for these patients.) 





No need to repeat dosage during 
the night" ° 





Hospitalized Post-Suvgical Patient;’ Scientific Exhibit 
presented at AAGP Sam Francisco, Calif., Sept. 28-Oct. 
1.1970. 14. Zimmerman, A. M.: Curr. Ther. Res., 13:18, 
1971. 15. Greenblatt, D., and Shader, R.: Ann. Intern. 
Med., 77:91, 1972. 
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Data about 
Dailmane (flurazepam HCl) 


on request 

The refe-ences cited constitute only a part of 
the Dalmane bibliography. Additional data are 
available through the Roche Professional Ser- 
vices Department. Augmenting this service is 
RETRIEVE, a computer-operated data retrieval 
system which screens data from the published 
English language papers on Dalmane to help 
provide rapid answers to your specific ques- 
tions. Caded into the computerized index are 
parameters that include patient age, sex, condi- 
tion: predmct dose, side effect, frequency of 
adminis*racion; other medications or therapy; 
length, type andsize of study, and pharmacology. 

For specific answers to any questions you 
might heve about Dalmane, write or call: Roche 
Professional Se-vices Department, Roche Lab- 
oratories, Nutley. N.J. 07110. Telephone: (201) 
235-2355. 
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Before prescribing Dalmane (flurazepam HCI), please consult 
Complete Product Information, a summary of which follows: 


Indications: Effective in all types of insomnia characterized by 
difficulty in falling asleep, frequent nocturnal awakenings and/or 
early morning awakening; in patients with recurring insomnia or 
poor sleeping habits; and in acute or chronic medical situations 
requiring restful sleep. Since insomnia is often transient and inter- 
mittent, prolonged administration is generally not necessary or 
fecommended. 


Contraindications: Known hypersensitivity to flurazepam HCI. 


Warnings: Caution patients about possible combined effects with 
alcohol and other CNS depressants. Caution against hazardous 
occupations requiring complete mental alertness (e.g., operating 
machinery, driving). Use in women who are or may become preg- 
nant only when potential benefits have been weighed against 
possible hazards. Not recommended for use in persons under 15 
years of age. Though physical and psychological dependence 
have not been reported on recommended doses, use Caution in 
administering to addiction-prone individuals or those who might 
increase dosage. 


Precautions: In elderly and debilitated, initial dosage should be 
limited to 15 mg to preclude oversedation, dizziness and/or ataxia. 
If combined with other drugs having hypnotic or CNS-depressant 
effects, consider potential additive effects. Employ usual precau- 
tions in patients who are severely depressed, or with latent 
depression or suicidal tendencies. Periodic blood counts and liver 
and kidney function tests are advised during repeated therapy. 
Observe usual precautions in presence of impaired renal or 
hepatic function. 


Adverse Reactions: Dizziness, drowsiness, lightheadedness, 
staggering, ataxia and falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, lethargy, disorientation and 
coma, probably indicative of drug intolerance or overdosage, have 
been reported. Also reported were headache, heartburn, upset 
stomach, nausea, vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, irritability, weakness, 
palpitations, chest pains, body and joint pains and GU complaints. 
There have also been rare occurrences of sweating, flushes, 
difficulty in focusing, blurred vision, burning eyes, faintness, hypo- 
tension, shortness of breath, pruritus, skin rash, dry mouth, 

bitter taste, excessive salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, hallucinations, and 
elevated SGOT, SGPT, total and direct bilirubins and alkaline phos- 
phatase. Paradoxical reactions, e.g., excitement, stimulation and 
hyperactivity, have also been reported in rare instances. 


Dosage: |ndividualize for maximum beneficial effect. Adults: 30 mg 
usual dosage: 15 mg may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until response is determined. 


Supplied: Capsules containing 15 mg or 30 mg flurazepam HCl. 


DALMANE 


flurazepam HCI 


When restful sleep 
is indicated 


One 30-mg capsule h.s.—usual adult dosage 

(15 mg may suffice in some patients). 

One 15-mg capsule h.s.—initial dosage for elderly 
or debilitated patients. 
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Mallory-Weiss Syndrome 
Adam R. Wychulis, MD, Albert Sasso, MD, Newark, NJ 


Direct surgical treatment successful in six cases. 
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Richard A. Ponto; John S. Najarian, MD, Minneapolis 
Good delineation of regional vascular distribution but 
poor prediction of viability, in chemically damaged kidneys. 


Small Bowel Preservation: 
Comparison of Perfusion and Nonperfusion Systems 
Luis H. Toledo-Pereyra, MD, John S. Najarian, MD, Minneapolis 
Twenty-four-hour perfusion led to long-term survival; 
nonperfusion methads did not. 
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Ricardo J. Lavarello, MD; Bavid W. Kinne, MD; 
Dong K. Kim, MD; Andrew G. Huvos, MD; 
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Technique might allow more radical hepatic resection for cancer. 
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Heavy exercise did not create larger infarcts in dogs. 
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Washout method distinguishes between arterial and 
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CLINICAL NOTES 


Giant Panniculus Adiposus Abdominis 
Nathan Asbell, MD, Camden, NJ 


Mobile suspension ef panniculus during operation. 
Diffuse Polyposis of the Colon With Severe Electrolyte Depletion 


Robert F. Sanner, Jr., MD, Danvers, Mass 
Villous change in familial polyposis seemed responsible. 
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When parenteral analgesia 
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Sutures 


=mpirin Compound with 
-odeine is effect ve for 
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iil prescribing convenience: 
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Metastatic Urethral Obstruction 
Stuart M. Selikowitz, MD, Carl A. Olsson, MD, Boston 


A seldom discussed eause of vesical dysfunction 
after colorectal resection. 


Aortogastric and Aortoileal Fistulas Repaired by Direct Suture 
Joel A. Tobias, MD, George 2. Daicoff, MD, Gainesville, Fla 


Late fistulas from disruption of silk 
successfully repairec with Dacron sutures. 


TECHNIQUE 


A Simple Technique for Improved Hemostasis 
at the Aortoprosthetic Graft Anastomosis 
John L. Herlache, MD, Courtland M. Schmidt, MD, Ann Arbor, Mich 


A widebelt of prosthasis pulled up over “pants” of graft. 


A Simple Surgical Ligator 
H. Courtenay Clarke, MD, Buffalo, NY 


Allows forces across the knot to be applied in a normal direction. 
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New Olympus intermediate length colonoscope 
CF-MB is beautiful... 
when you get to know it. 


Some people say our new CF-MB couldn’t be called “pretty.” Olympus could have made it 
“prettier” but your working requirements were more important. Every request for capabilities 
made by leading doctors whom we consulted, is built into CF-MB. The benefits of one-hand 
control were asked for most. Olympus CF-MB now offe-s simultaneous observation and target 
biopsy. The new CF-MB with 1110mm working length and 4-way tip angulation, makes it easier 
to observe, perform cytology or biopsies and automatically photograph all areas, from the rec- 
tum, to the transverse colon with minimum patient discomfort, fast and accurately. The longer 
CF-LB is available for work beyond, to the ileum and cecum. For more information write to 
Olympus Corporation of America, Medical Instrument Division, 2 Nevada Drive, New Hyde 


| OLYMPUS 










The most precise diagnoses 

have the support of target 
EEE = biopsy anda 

= a Jif clear photo record. 
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Olympus CF-MB gives you koth. This 
x-ray shows CF-MB in position to ob- 
serve, biopsy and photograph in mid- 
transverse colon. The photo, taken in 
color, is proof of an existing polyp 
which x-ray might have missed. 








Brief Summary. 


Consult the pacage literature for prescribing infommation. 


Actions: Keflin® [sodium cephalothin, 
Lilly) is a broactéspectram antibiotic. 
Following a singe EGm. intrevenous 
dose, blood levels have been about 30 
mcg. per ml. at fifteen minutes. Dos- 
ages of 2 Gm. gen nitravenously over 
a thirty-minute csricd have produced 
serum concentratons of 80 to 100 mcg. 
per ml. one-half sour after the infusion. 

The antibiotic passes read ly into 
body fluids, e.g., pleural, joint, bile, and 
ascitic fluids. 


Indications: Kef 1 is indicated for the 
treatment of serus infections caused 
by susceptible strains of the des gnated 
micro-organisms n te diseases listed 
below. 


Respiratory tract nfections caused 
by Diplocacces pneumoniae, 
staphylococci Menicillinése and 
nonpenicillimase producing), group 
A beta-hermoly ic streptecocci, 
Klebsiella, and 4emophilus influ- 
enzae 

Skin and softtissue infections, in- 
cluding pe-itomitis, caused by 
staphyloceaci ®enicillinese and 
nonpenicil inase-producing), 
group A bets-hamelytic strepto- 
cocci, Escricha coli, Proteus 
mirabilis, and Plebsiella 


Genito-urinary rac infectionscaused 
by Esch. edi, Ər. mirabilis, and 
Klebsiella 

Septicemia, iscluding endocarditis, 
caused by & pmeumoniae, staph- 
ylococci (penicllinase and non- 
penicillinasprcducing), group A 


beta-hem® ytf& streptccocci, A i 
Streptococcms vridans, Esch. coli, W 


Pr. mirabilîs and Kiebsiella 
Gastro-intestina! mfections caused 


by Saimone*S ard Shigella species | 


Meningitis caused by D. pneumoniae, 
group A beta-hemolytic strepto- 
cocci, and =aphyiacocci (penicil- 
linase and mon denici!linase-pro- 
ducing) 

Bone and joint infections caused by 
staphylococe; ®enicillinase and 
nonpenicill rase preducing) 


Contraindication: Previous hypersensi- 
tivity to cephalosporins. 


Warnings: BEFORE CEPHALOTHIN THER- 
APY IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVI- 
OUS HYPERSENSITIVITY REACTIONS TO 
CEPHALOSPORINS AND PENICILLIN. 
CEPHALOSPORIN C DERIVATIVES SHOULD 
BE GIVEN CAUTIOUSLY IN PENICILLIN- 
SENSITIVE PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

There is some evidence of partial 
cross-allergenicity of the penicillins and 
the cephalosporins. Severe anaphylac- 
toid reactions have been reported with 
both drugs. 

Patients with allergy and hypersensi- 
tivity should receive antibiotics cau- 
tiously and only when necessary. 

Usage in Pregnancy—Safety for use 
during pregnancy has not been estab- 
lished. 


Precautions: Patients should be fol- 
lowed carefully to detect any side- 
effects or drug idiosyncrasy. If an al- 





lergic reaction occurs, discontinue the 
drug and treat the patient with usual 
agents. 

Although alteration in kidney func- 
tion is rare, evaluation of renal status 
is recommended. Patients with im- 
paired renal function should be placed 
on a reduced dosage schedule to pre- 
vent excessive serum concentrations. 
Consult prescribing information. 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A 
false-positive reaction for glucose in the 
urine has been observed with some 
tests but not with Tes-Tape® (urine 
Sugar analysis paper, Lilly). 


Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness, 
elevation of temperature, reactions re- 
sembling serum sickness, anaphylaxis, 
eosinophilia, drug fever, neutropenia, 
thrombocytopenia, hemolytic anemia, 
thrombophlebitis, transient rise in 
SGOT and alkaline phosphatase, rise in 
BUN, decreased creatinine clearance, 
and a positive direct Coombs test have 
been reported. lo71873] 
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Since the introduction of Keflin, 

the susceptibilities of commonly 
encountered organisms, as measured 
by in-vitro methods, have not changed 
significantly. See brief summary 

for indications. 


weer eee? 


* equivalent to cephalothin 


Please turn page for summary 
of prescribing information. 





Editorials 


I Want To Be a Doctor 


FS thousend persons submitted 
336.000 applicetions for 13,900 
places in medical schools in the 
United States m 1973. The number of 
applicants hasedoubled in the last dec- 
ade, whereas zhe number of places 
has increased by only 50%. In the face 
of our reed fer health workers (we 
import £,000 foreign medical gradu- 
ates annually® this is a deplorable 
` irony. But thimk of what it has meant 
to the premeds themselves, their ad- 
visors, and teachers 

The May 173 issues of both the 
Swarthmore =nd Harvard bulletins 
have aired the matter from the col- 
lege’s side of the baccalaureate di- 
vide. Women applicants have quin- 
tupled in a feur-year period. Other 
“minority graup” applications have 
done the same But applications from 
white males ame increasing also. Some 
colleges report that 85% of biology 


majors are prameds. There rages such — 


a strong competiticn for grades as to 
generate mu-ual furtiveness occa- 
sionally amomating to failure of stu- 
dents te help 2ach other, hiding labo- 
ratory equipment, and other atavistic 
surviva reflexes. Laboratory space 
is inadequate so that some premed 
courses are Neav given in two sessions. 
_In others, term papers are substituted 
for laberateries. The load on the fac- 
ulty (think erly of 336,000 letters of 
recommendat on!) s crushing. 

How has th s come about? Students 
choose medicite for one or a combina- 
tion of reasəns. The MD degree (1) 
provides theenallenge of involvement 
with people snd tie social problems 
that beset om~ age, (2) affords poten- 
tial for leadership roles in solving 
these problems, (3) requires develop- 
ment of a prefessional scientific com- 
petence that 2an be used in a variety 
of ways, perhaps in another profes- 
sion or trade (4) appears to provide 
indepeadence and freedom of move- 
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ment within one’s career, and (5) car- 
ries the promise of a handsome in- 
come. Furthermore, the period of 
study postpones for a few more years 
the decision as to which branch of 
professional specialization one will 
pursue—and the choice is broad; it 
temporarily satisfies the hunger, par- 
ticularly strong in present-day youth, 
to keep the options open. 

When the student makes the deci- 
sion, he or she fails to appreciate sev- 
eral paradoxes to be learned later: (1) 
the severe “grind” that the basic sci- 
ence curriculum imposes and the con- 
sequent feel of irrelevance to doctor- 
ing (Is it overcynical to suggest that 
admission committees really look fa- 
vorably upon a high grade in chem- 
istry because it is evidence that the 
student could summon application 
enough to survive in competition, 
rather than because they believe the 
content of the courses to be useful to 
doctoring?); (2) the severity, in the 
face of the “doctor shortage,” of the 
competition for practice in the desir- 
able specialties and in the ideal com- 
munities—those that provide good 
schools, easy friendships, intellectual 
stimulation, and opportunity to teach; 
(3) the conflict between the appealing 
image of the doctor connoting inde- 
pendence and freedom to care for pa- 
tients in one’s own fashion on the one 
hand and, on the other, current por- 
tents of measures that will control in- 
dependence, ie, a trend to salaried po- 
sitions, restrictions of entry into 
certain specialties, and the like. Real- 
ities of this sort, present since the 
dawn of medical history, and more 
vivid today in areas of the world out- 
side the United States, have never 
succeeded in dimming the stars in the 
eyes of the premed. 

Yet the imbalances require reme- 
dial action. Whatever direetion the 
first steps take, it seems inevitable 


that they will have to be made in the 
American way—by shoving and jos- 
tling, by retreating and advancing. 
One biology professor’s suggestion of 
admission by lottery and then weed- 
ing out the misfits during medical 
school is typical of the impracticality 
of the academician as an adminis- 
trator. Some premedical schools are 
excluding certain aspirants from 
their premed courses by withholding 
the approval of their undergraduate 
premedical committee. Other colleges 
have frowned on this as a restriction 
of freedom, but have not replaced it 
with a constructive alternative. 
Surely one major first step should 

be a much closer relationship between 
undergraduate and graduate school. I 
am not suggesting that initially there 
be a total meshing of the baccalau- 
reate and medical courses as in En- 
gland. I am not suggesting it, not be- 
cause I think it is a poor idea, but 
because it couldn’t work in this coun- 
try on a crash basis. But I am sug- 
gesting that, to start with, certain 
colleges serve certain medical schools 
by prearrangement, and that the 
numbers entering into a medical ca- 
reer be controlled according to the fa- 
cilities available. An efficient shorten- 
ing of both the college and medical 
school years could be an important re- 
sult of this ability to plan.’ As time 
progresses more formal arrange- 
ments, particularly suited to our 
American needs, will emerge. Some 
strong steps will have to be taken. It 
is time to start. 

RICHARD WARREN, MD 

319 Longwood Ave 

Boston 02115 


Reference 
1. Beal JM: Accelerated medical school 


curriculum: A proposal, editorial., Arch 
Surg 107:128, 1973. 
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Boston Interhospital 
Amputation Study 


ji Reece of the amputee is 
an interdisciplinary team func- 
tion. The surgeon cannot provide the 
prosthesis and only in exceptional cir- 
cumstances is he knowledgeable in 
the physical aspects of rehabilitation 
beyond the immediate surgical expe- 
rience. Also, he is generally not will- 
ing to spend the time required for 
this most important and certainly 
most rewarding restorative period of 
care. 

The great majority of amputees in 
this country do not enjoy the advan- 
tages of integrated team support. 
Warren and his associates, as re- 
ported in this issue (see p 861), set 
about to provide skilled team services 
on a voluntary regional and commu- 
nity basis. This is a progressive and 
landmark experience. The results 
documented here should provoke crit- 
ical self-evaluation by all surgeons 
performing amputations. Is the sur- 
geon who performs the amputation 
fully aware of the value of this man- 
agement as appropriate to modern 
and effective amputee rehabilitation? 
Is his knowledge of the amputation 
itself and his concern about its tech- 
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nical performance in keeping with 
available current knowledge” 

The report adds further valuable 
data about the immediate post- 
amputation plaster prosthesis tech- 
nique. As the authors have pointed 
out, the weakness of the clinical ex- 
periment was the consulting rather 
than participatory nature of the sur- 
gery. The consulting surgeon did not 
perform nor specifically supervise the 
75 amputations. These were spread 
among 18 hospitals and 58 surgeons. 
One must assume that the individual 
surgeon's experience in amputations 
was in some instances meager. None- 
theless, the consulting surgeon’s 
knowledge was of considerable value 
both in the decision as to the level of 
amputation and the actual perform- 
ance of the surgery itself. 

The amputee population covered in 
this report is characteristic. Only one 
of the 75 amputations was performed 
in an individual under 40 years of 
age, and 68 of the 76 amputations 
were necessitated by ischemia. The 
high percentage of below-the-knee 
amputations and the outstanding re- 
habilitation accomplished ameng this 


patient population indicates what can 
be achieved by dedicated people in 
circumstances less than ideal as far as 
patient management is concerned. 
The economic and social benefits of 
this management are obvious. 

For many years, amputations have 
been regarded lightly by surgeons. 
Many of us have not realistically ac- 
cepted the absolute necessity for coor- 
dinated team care. Unless effective 
and economical team control can be 
brought to the amputee in the com- 
munity environment, the care will be 
provided best in a centralized setting. 
The discontinuation of the Boston In- 
terhospital Amputation project lends 
support to the view that most am- 
putee management will be given best 
in a centralized setting. The Veterans 
Administration has taken this posi- 
tion by establishing regional amputee 
centers throughout its hospital sys- 
tem. The experience reported by 
Warren and associates is a statistical 
measure by which services can be pro- 
vided and upgraded in the months 
and years ahead. 

ERNEST M. BURGESS, MD 
Seattle 
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Special Article 


Cholestersl galtstone disease is character- 
ized by secretion of bile saturated or super- 
saturated with cholesterol. This abnormality 
is usually associated with a decrease in the 


total bile acid pæl and may be related to a 


hepatic defect im bile acid synthesis. Bile 
acid depletion induced by ileal disease or 
resection er increased biliary cholesterol 
secretion im obesity may also predispose to 
this disease. Oral administration of cheno- 
deoxycholic acid results in bile unsaturated 
with cholestero! and after six months of 
treatment, 11 of 18 patients have demon- 
strated a decrease in gallstone size. An ear- 


lier trial om seven women for one or two 
years showed ‘otal stone dissolution in three 
and partial dissolution in three of the re- 


maining four. Farther work is needed and 
planned, 


Ithough E EAS gallstone 


disease æontirues to hold many 


mysteries for both clinicians and in- 


vestigaters, împorzant advances in Š 
the understanding ef its pathogenesis — 


and some pregress in approaching a 


medical solution have been made dur- 
ing the past decade. Cholesterol com- — 
prises more than 70% of the total 
crystalline material in most of the | 


gallstones found in patients in the 
western wortd.' This water-insoluble 
lipid is normally excreted in bile and 
is kept im acueous solution by mixed 
micelles of bile acids and lecithin 


within which cholesterol can be solu- — 
bilized. Normally, excess bile acids — 


and lecithin are present in bile so that 


all of the cmolesterol excreted from 


the liver can be sclubilized; thus, bile 


is unsaturated for cholesterol most of 


the time im subjects who do not have 
gallstones. 


Cholesterol Gallstone Disease 


In chelesterol gallstone disease, the 
coneentzatien of boile acids and leci- 


thin is msufficient to keep all of the — 


cholesterol m micellar solution. Bile 


becomes supersaturated for choles- 
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terol and, with nucleation, precipi- 


tation ef cholesterol crystals occurs. 


Once present, cholesterol crystals, if 


they are not emptied from the gall- 


bladder or redissolved, usually aggre- 
gate and with other biliary constit- 
uents form cholesterol gallstones.” 
Precisely why bile becomes satu- 
rated for cholesterol has not been 
fully elucidated. Bile acids circulate in 
an enterohepatic circulation, being 


; effici ently reabsorbed i in the terminal 
X ileum, and return via the portal sys- 

tem to the liver. An important deter- 

minant of the degree of cholesterol 
= saturation of hepatic bile being se- 
creted is the amount of bile acid per- - 
y fusing the liver during that period. g 
Thus, cholesterol saturation of he | 
patic bile varies diurnally, being most 
= marked in the early morning hours 


when bile acids have not been return- 


— ing to the liver from the intestine for 
several hours. In fact, although pa- 
à tients with cholesterol gallstones se- 
y crete cholesterol- saturated hepatic 
T bile most of the time, even some pa- 
-tients without gallstones secrete cho- 

lesterel-saturated bile transiently be- 
fore breakfast. Many patients with 


cholesterol gallstones have a dimin- 
ished total bile acid pool.*® This small 


pool could result in a decreased secre- 
tion ef bile acid or lecithin (or both) 


relative to that of cholesterol if the 


number of daily cycles of the bile acid 
pool perfusing the enterohepatic cir- 
culation did not increase sufficiently 
to compensate for the decrease in pool 
size (pool times cycles of enterohepat- — 
ic circulation per day equals total 
= daily bile acid secretion). Lecithin 
largely determines the capacity of the 


mixed micelle for dissolving choles- 


terol, and both its synthesis and se- 


cretion are stimulated by the amount 
of bile acid perfusing the enterohepat- 
ic circulation.’ 

Bile acid synthesis from cholesterol 
in the liver is normally under a feed- 


back control system, a decrease in bile 


Cholesterol Gallstone Dissolution 


Current Status 


Johnson L. Thistle, MD, Rochester, Minn 


acid returning via the portal venous 
system to the liver resulting in an in- 
crease in hepatic bile acid synthesis. 
Such an increase has not been gener- 
ally observed, however, in patients 
with cholesterol gallstone disease 
even when the bile acid pool is de- 
creased.® This observation has sug- 
gested the possibility of a hepatic 
defect in bile acid synthesis, for ex- 


ample, a deficiency in the activity of 


Ta-hydroxylase, the rate-limiting en- 
zyme in the synthesis of bile acid 


from cholesterol. The role of the gall- 
bladder in cholesterol cholelithiasis 
remains unclear but continues to be 
- under investigation. | 


_ Bile acids are actively absorbed in 
the terminal ileum. Patients with 
ileal disease or resection thus may 


have defective bile acid absorption 
and a major interruption of the 
enterohepatic circulation of bile acid. 


This interruption may result in a 


greater depletion of the bile acid 


pool than can be compensated for by 
increased hepatic bile acid synthesis, 
with a consequent deficiency in secre- 
tion of bile acids, lecithin, or both 
relative to that of cholesterol. An in- 
creased incidence of cholesterol gall- 
stones has been recognized in patients 
with defective absorption of ileal bile 
acids.’ 

Another mechanism by which bile 
may develop an excess of cholesterol 
is an increase in cholesterol secretion 


without a concomitant increase in se- 


cretion of its solubilizing agents. Obe- 
sity results in an increased biliary ex- 
cretion of cholesterol and has been 
well demonstrated to be correlated 
with a higher prevalence of gall- 
stones.** 

Although diabetes mellitus has 
been correlated with a higher preva- 


— lence of gallstones and likely results 


in abnormal gallbladder motor func- 
tion, a pathogenic mechanism for 
gallstones in this disease has not been 
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successfully pursued.'’:!! Whether va- 
gotomy contributes to the pathogen- 
esis of cholesterol gallstones remains 
unsettled. 

The predominant susceptibility of 
women to cholesterol gallstone dis- 
ease is well established. The influence 
of pregnancy is unsettled, but it prob- 
ably induces some gallstones to be- 
come symptomatic. Estrogens do af- 
fect biliary lipid secretion as well as 
gallbladder motor function, although 
data demonstrating an acceptable 
pathogenic mechanism involving es- 
trogen have not yet been reported. 


Gallstone Dissolution 


Cholecystectomy remains the most 
effective established treatment for 
cholesterol gallstones. Recent prog- 
ress toward a medical solution to this 
disease, however, has been encour- 
aging. Our group initially observed 
that when women with cholesterol 
gallstones were given the human bile 
acid chenodeoxycholic acid orally for 
four months, their duodenal bile ob- 
tained under fasting conditions be- 
came unsaturated for cholesterol; the 
other bile acid synthesized by the hu- 
man liver, cholic acid, did not have 
this effect.'* Our laboratory subse- 
quently demonstrated that the dimin- 
ished chenodeoxycholie acid pool be- 
came larger in patients receiving 
chenodeoxycholic acid’ and that the 
24-hour secretion of cholesterol de- 
creased relative to the 24-hour secre- 
tion of bile acids and lecithin.’ We 
have now initiated a controlled ran- 
domized therapeutic trial of cheno- 
deoxycholic acid, cholic acid, and 
placebo among both men and women 
with asymptomatic radiolucent gall- 
stones and radiologically visualized 
gallbladders."* After six months of 
treatment, 11 of 18 patients receiving 
chenodeoxycholic acid had an une- 
quivocal decrease in stone size. No 
change in stones was observed in pa- 
tients receiving cholic acid or placebo. 
Three of seven women who partici- 
pated in the bile acid pool studies had 
complete stone dissolution after one 
and two years of chenodeoxycholic 
acid treatment, and three of the re- 
maining four are demonstrating a de- 
crease in stone size. Only two of 13 
patients with partially radiopaque 
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stones had some decrease in stone 
size after six months of cheno- 
deoxycholic ingestion. Mild transient 
elevations of serum glutamic oxalo- 
acetic transaminase levels were ob- 
served among some patients receiv- 
ing chenodeoxycholic acid, but no evi- 
dence of toxic effects was noted in 
other liver function test results or in 
liver biopsy specimens. Serum lipids 
and cholesterol pools were unchanged 
during treatment. Minimal dose-re- 
lated diarrhea was the only symptom 
observed during treatment. No stones 
migrated into the ducts during dis- 
solution. 


Future 


Initial progress in dissolving cho- 
lesterol gallstones has been encour- 
aging. Chenodeoxycholic acid is spe- 
cific, appears likely to be effective in 
at least half of the patients with ra- 
diolucent stones, and, in the small 
number of patients studied, has been 
safe. Several questions, however, re- 
main. Many patients will need to 
be carefully studied in order to estab- 
lish safety, especially since cheno- 


-= deoxycholic acid has shown some 


hepatotoxicity among nonhuman pri- 
mates. The questions of minimally ef- 
fective dose, recurrence rate, need for 
and proper dosage of maintenance 
treatment, and prophylaxis among 
high-risk groups need to be studied. A 
double-b-ind controlled national coop- 
erative therapeutic trial of cheno- 
deoxychclie acid probably will be ini- 
tiated during 1974. 

The effect of chenodeoxycholie acid 
ingestion on hepatic or common duct 
stones has not yet been reported but 
is under investigation. Other poten- 
tially effective agents are alse under 
study. Lecithin appears to be imeffec- 
tive, but it has been noted recently 
that, in patients with gallstones, 
phenobarbital can induce bile that is 
unsaturated for cholesterol, and this 
finding deserves further study. One 
laboratory’ has reported that T tube 
perfusion of cholic acid has resulted 
in the disappearance of duct stenes in 
some patients, but further controlled 
studies are indicated. For selected pa- 
tients, eatheter removal of duct 
stones via a T tube tract can he suc- 
cessful in experienced hands. 


TRE, ZA bn sa ~ HEN iT. =F . oe I a { RF re 
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Research by a number of investiga- 
tors has provided considerable prog- 
ress in this field and will, we hope, 
continue to establish a safe and effec- 
tive medical treatment for cholesterol 
gallstones. 


This investigation was supported in part by 
Public Health Service research grant AM-15887. 

The double-blind controlled national coopera- 
tive therapeutic trial of chenodeoxycholic acid 
has been funded by the National Institute of Ar- 
thritis, Metabolism, and Digestive Disease with 
Leslie J. Schoenfield, MD, Cedars Sinai Medical 
Center, Los Angeles, as program coordinator. 
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used in APOLLO 11/12/14 splashdowns 


Golden microbicidal lather for 
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Some scrubs imbibit mainly gram-positive bacteria. BETADINE Surgical Scrub kills both gram-positive 
and gram-negative Dacteria. 


Some scrubs have £ limited antibacterial action. BETADINE Surgical Scrub kills bacteria, fungi, 
viruses, protozea, and yeasts. 


Some scrubs require repeated usage for several days before achieving their full antibacterial effect. 
BETADINE Surcical Scrub is fully effective with each application. 


Use BETADINE Surgical Scrub for prompt, effective degerming action for operating personnel. 
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fabrics. 3ibiograpry available on request. 
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Fibrin-Fibrinogen Degradation Products 
in Cardiovascular Surgery 


Frank L. Call II, MD; Edward T. Schroeder, MD; Frederick B. Parker, Jr., MD: Frederick R. Davey, MD, Syracuse, NY 


Two hundred fifty-five determinations of not clear, but localized thrombosis, or grafts); and two combined aortic and mi- 
the protamine sulfate test, the staphylococ- the loss of the normal mechanism re- tral valve replacements. Isologous saphe- 
cal clumping test, and the tanned red blood sponsible for the elimination of ac- nous veins were used for coronary vein 
cell hemagglutination inhibition immuno- grafts. Starr-Edwards and Beall valves 
assay were performed on 30 patients under- Care ae were used respectively for aortic and mi- 
going cardiovascular surgery. The level of p C E aoli tral valve replacements. Extracorporeal 
serum fibrin-fibrinogen degradation prod- omplications s of large-vessel circulation with a roller pump and a bubble 
ucts rose in all patients and reached the thrombosis following surgery are fre- oxygenator was used in all cases, except 
highest levels between the fifth and ninth quent and serious.''-'’ In addition, in- the three closed mitral commissurotomies 
postoperative day. After the first postopera-  trarenal coagulation has been sug- and the coarctation of the aorta." All pa- 
tive day, a fibrin-fibrinogen degradation gested as a factor in the pathogenesis tients received aspirin (usually 300 mg per 
product increase of greater than 10yg/ml of acute ischemic renal failure, which rectum every 12 hours) for three to four 
within 24 to 48 hours was associated with may complicate major surgery.’ days following surgery. Except for the 
clinically recognized thrombotic complica- Methods that could detect the occur- four patients with congenital defects and 


tions in only two out of five patients. Iso- . the three patients who had closed mitral 
lated levels of serum fibrin-fibrinogen degra- rence of a thrombus or intrarenal co- commissurotomies, all patients received 


dation products as high as 67ug/ml could agulation and lead to early, effective low molecular weight dextran 40 (Rheo- 
not be correlated with clinically evident therapy would be valuable. This study macrodex) intravenously, 20 ml/hr for 
thrombotic disease or serious complications Compares several methods for deter- three to four days following surgery. 


tivators of plasminogen, may be re- 


of surgery. Increased excretion of urinary fi- mining levels of circulating FDP in When used, warfarin sodium therapy was 
brin-fibrinogen degradation products wasas- 30 patients undergoing major vascu- begun on the third postoperative day. 

sociated with, but not predictive of, acute is- lar or cardiac surgery. The levels of Blood Collection.—Blood samples were 

chemic renal failure. FDP in the serum and urine are cor- _ obtained prior to surgery, once during the 

related with the time of surgery and first three hours following surgery, daily 

í ; the clinical course of the patients. for two to three days following surgery, 

levated circulating levels of and then every two days until either dis- 

fibrin-fibrinogen degradation Methods charge from the hospital or the 13th post- 

products (FDP) and soluble fibrin operative day. In 20 patients, the blood ob- 

monomers (FM) occur in dis- Patients.—Thirty consecutive patients tained during the first 48 hours following 


seminated intravascular coagulation admitted to the cardiovascular surgery surgery was aspirated from a short arte- 
and pulmonary embolism.'? These service for elective correction of cardiac or rial cannula positioned in the radial artery 
same products are increased in some aortic defects were selected for study. Al- and connected to an arterial pressure 
by pegs . though the patients’ ages ranged from 8 to monitor. Venous bloed was difficult to ob- 

cases of thrombophlebitis, hepatic À ; : Bea 
faile tantoan 1 diana eps i 65 years, only four patients were less than tain during this time, because intravenous 

ARES, m CETNSIN TONAL AISOTQETS, 40 years cf age (8, 10, 11, and 23 wears of infusions were being administered in both 
as well as in the later siage of preg- age). The mean age of the remaining 26 arms. However, in five instances samples 
nancy: and parturition.*® The rela- patients was 54 years. The surgical proce- of venous blood were obtained by veni- 
tionship of FDP and FM to the patho- dures included correction of one coarcta- puncture distal to the site of infusion, and 
physiology of the latter situations is tion of the aorta, two ventricular septal de- the test results were compared to those of 
fects, and one atrial secundum defect; the arterial samples. 

Accepted for publication March 27, 1973. resections of two ventricular aneurysms _ Nine parts of bloed were diluted with 

From the departments of medicine (Drs. Call (Oone with a coronary vein graft) and one one part of 3.8% (W/V) trisodium citrate 
and Schroeder), surgery (Dr. Parker), and pathol- dissecting aortic aneurysm; five mitral and centrifuged at 2,000 g for 20 minutes 
ogy (Dr. Davey), State University of New York, commissurotomies (three closed proce- to obtain plasma for the protamine sulfate 

yracuse. ; a : i 3 : 

Reprint requests to Department of Medicine, dures); seven coronary vein grafts; five mi- test (PST) and coagulation tests. For FDP, 
Upstate Medical Center, 750 E Adams St, Syra- tral valve replacements; four aortic valve 5 ml of blood was cellected in tubes con- 
cuse, NY 13210 (Dr. Call). replacements (two with coronary vein taining 0.05 ml (500 kallikrein inactivator 
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units) of aprotinia Trasylol) anc 0.1 ml (10 
units) of thromtin bovine). The clotted 
blood was incubated at 37 C for two hours 
and centrifuged at L000 g for 15 minutes. 
Serum was aspiratee from above the clot 
and stored at —2) © until assayed. 

Urine Collectien—Random samples of 
freshly voided wine were stored at —20 C 
and were not cercemrated prior to assay. 

Fibrin Monemers and Fibrin-Fibrinogen 
Degradation Premet=.—The serial dilution 
PST was perfermed as described by Gure- 
wich and Hutechansoz.* Each plasma dilu- 
tion was tested wita our concentrations of 
protamine sulfat= LO, 0.5, 0.25. and 0.125 
mg/ml). The sta>ky ococcal clumping test 
(SCT) was performec as suggested by 
Hawiger et al The letter procedure was 
modified by usire 0.05 ml of aprctinin per 5 


ml of blood to h*b-t in vitro Abrinolysis — 


(instead of amsinecepro c acid). The staphy- 
lococcal clumping factar was a preparation 
of dried cells later resuspendec with buf- 
fer and albumia) chtained from Sigma 
Chemical Company, St Louis. The tanned 
red blood cell hemagglutination inhibition 
immunoassay (7 2CEI_) was performed as 
described by Me-s<ey et al.® Serum FDP 
were assayed by the SCT and the TRCHII. 


Urinary FDP were assayed by the latter 


procedure alone. : 

Other Tests—Plat let counts were per- 
formed by the mehed of Brecher and 
Cronkite.” Activatec partial thromboplas- 
tin time and prothrombin time were deter- 
mined by standard procedures.'**° Since 
other coagulation ‘ests were not per- 
formed routinely an4 their results are not 
included in this report, the mathods are 
omitted. 


Resu'ts 


Patients.—Two episodes cf signifi- 
cant renal faiure, two thromboem- 
bolic complicat ons, and one death are 
mentioned later. The number of post- 
operative days during which blood 
samples were ebteined varied from 7 
to 32 (mean, 127, and thus the re- 
sults following the s2venth postopera- 
tive day are selec-ive. 

Protamine Sulfete Test.—The test 
was positive in 69 oct of 255 instances 
(33 in arterial plesma, 34 in venous 
plasma, two ir, both). Tne titers 
(plasma dilut=ns} were 1:1 in 56 in- 
stances and k= m 14 instances.’ Five 
patients had æ posizive PST prior to 
surgery. Twenty-eight positive reac- 
tions were obtained in the 60 plasma 
samples taker daring the first 24 
hours followimg surgery (Figure). 
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Aside from the cluster of positive re- 
actions that occurred within 24 hours 
of surgery, the results of this test did 
not correlate with the level of FDP 
determined by the other two proce- 
dures, the type of operation, the time 
spent on circulatory bypass, the 
amount of transfused blood, or the 
clinical course of the patient. The ti- 
ters on the five blood samples drawn 
simultaneously from an artery and 
vein were identical. 

Tanned Red Blood Cell Hemaggluti- 
nation Inhibition Immunoassay.—The 
Figure shows the results of this test. 
The level of FDP rose in all patients 
following surgery. The mean level 
prior te surgery was 5yg/ml (range, 
l.6ug/ml to 11.0ug/ml). After five 
days the mean level was 19.5ug/ml. 
The highest level recorded in this 
series was 67yg/ml. 

During the first 24 hours following 
surgery four values were greater 
than 20ug/ml. Two of the abnormal 
values occurred in patients with mi- 
tral valve replacement and renal com- 
plications. One of these values (27ug/ 
ml) was obtained in a patient who 
maintained a low cardiac output 
throughout his course, associated with 
nonoliguric renal failure in the first 
week fellowing surgery and death on 
the 27th postoperative day. A value of 
35ug/ml was obtained in a patient 
who developed acute tubular necrosis 
immediately following surgery. Two 
abnormal values occurred in patients 
who recovered without complications. 
A value of 3lug/ml was obtained in a 
patient following resection of a ven- 
tricular aneurysm, anda value of 24ug/ 
ml was obtained in a patient follow- 


ing replacement of the mitral and 


aortic valves. 

Following the first postoperative 
day, a rise in the level of FDP of 10ug/ 
ml or more between two determina- 
tions was associated with a throm- 
botic complication in two out of five 
patients. The first patient was felt to 
have had a pulmonary embolus on the 
basis of an onset of atrial fibrillation 
with a rapid ventricular response as- 
sociated with a normal chest x-ray 
film and a perfusion defect on a lung 
scan. The second patient developed 
clinical thrombophlebitis in the right 
calf, associated with the onset of 





atrial fibrillation and the transient 


presence of a right bundle branch 
block on the electrocardiogram. Al- 
though the chest x-ray film was un- 
changed, no lung scan was performed. 
There was a significant correlation 
between the level of FDP and the 
type of operation. Higher levels of se- 
rum FDP were present in patients 
with valve replacements than in the 
remainder of the patients on the day 
of the operation (17ug/ml vs 11.1yg/ 
ml), the first postoperative day (14.7ug/ 
ml vs 8.9ug/ml), the fifth postoper- 
ative day (19.4ug/ml vs 14.4ug/ml), 
the ninth postoperative day (19.4ug/ 
ml vs 14.7ug/ml), and the 11th post- 
operative day (20.9ug/ml vs llug/ 
ml). There was no significant differ- 
ence (P>.05) in the level of FDP on 
the second (12.9ug/ml vs 9.4ug/ml), 
third (16.8ug/ml vs 12.0ug/ml), sev- 
enth (18.4ug/ml vs 15.3ug/ml), and 
the 18th (22.1ug/ml vs 17.2ug/ml) 
postoperative days. No other correla- 
tions with the surgical procedures or 
the clinical courses were evident. 
The mean level of urinary FDP 
prior to surgery was 0.18ug/ml 
(range, 0.02ug/ml to 0.69ug/ml). No 
significant elevation occurred on the 
day of operation. Urinary FDP ex- 
ceeded lug/ml in 12 out of 228 deter- 
minations. Four of these elevations 
(2.9ug/ml, 6.3ug/ml, 250ug/ml, and 
390ug/ml) occurred in the two pa- 
tients with renal failure but the ele- 
vations were preceded for several 
days by an increasing blood urea ni- 
trogen (BUN) level in two cases and 
by oliguria in one case. The other ele- 
vations (1.0ug/ml to 4.lug/ml) oc- 
curred in five patients and were unre- 
lated to clinical complications, BUN 
values, or urinary output. — 
Staphylococcal Clumping Test.—The 
Figure shows the results of this test 
prior to and following surgery in 30 
patients. The titers (serum dilutions) 
were 1:8 in two patients prior to sur- 
gery, and less than 1:8 in the other 28 
patients. The titers were greater 
than 1:8 in 74 out of 225 determina- 
tions following surgery. Titers 
greater than 1:8 during the first 24 
hours following surgery were associ- 
ated with major complications (see 
TRCHII section) in two out of five 
patients (four out of eight determina- 
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Serum FDP in 30 patients following cardiovascular surgery. Results of TRCHII and SCT 
(log, of titer) are expressed as means + 1 SD. The PST ratio is the number of positive tests 
over total tests. Preoperative day (P); operative day (0). 


tions). After the first 24 hours follow- 
ing surgery a rise in the titer of this 
test was frequent, and occurred in the 
absence of clinically evident throm- 
bosis or major complications. This 
prevented a meaningful interpreta- 
tion of a similar rise that occurred 
in the two patients with thrombot- 
ic complications (see TRCHII sec- 
tion). In the first patient, the titer 
rose from 1:8 to 1:32. In the second pa- 
tient, the titer rose from 1:8 to 1:16. 
The results of this test were higher in 
patients who had valve replacement 
than in the remainder of the patients 
on the first and ninth postoperative 
days (results, expressed as the log, of 
the titer, were 3.1 vs 2.4 and 3.8 vs 3.2, 
on the respective days). The titers on 
the five blood samples drawn simulta- 
neously from an artery and vein were 
identical. 

There was a significant correlation 
between the results of the SCT and 
the TRCHII. The calculated least 
Squares regression line for the titers 
was SCT = 1.15 + 0.55 TRCHII. The 
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correlation coefficient of this line was 
0.65. 

Other Laboratory Data.—A decrease 
in the platelet counts of greater than 
100,000/cu mm occurred in 22 out of 
30 patients. Values less than 150,000; 
100,000; and 50,000/cu mm, respec- 
tively, were found in 26, 14, end 2 pa- 
tients. The mean time of the nadir in 
the platelet count was the second 
postoperative day. In the first three 
hours following surgery, a 2.5-second 
or greater prolongation of the pro- 
thrombin time occurred in 18 out of 30 
patients. The activated partial 
thromboplastin time was normal in 
these cases and the abnormal pro- 
thrombin times became normal the 
following day. The causes of the 
platelet and coagulation abnormal- 
ities were not investigated and were 
probably multifactorial. 


Comment 


Elevated levels of circulating FDP 
occur routinely in disseminated intra- 
vascular coagulation and are occa- 





sionally present in a number of other 
disorders.'* Two studies have sug- 
gested that determination of these 
derivatives may be helpful in the 


diagnosis and management of 
thrombotic states.*** This study dem- 
onstrates an increase of FDP during 
the postoperative course of cardio- 
vascular surgery. This uniform in- 
crease in FDP makes the tests that 
reflect FDP difficult to use for detec- 
tion of thrombosis. | 

The PST detects FM as well as 
FDP.’ Because of this, the venipunc- 
ture must be clean, and the mixture 
with the anticoagulant must be rapid 
to prevent any in vitro coagulation. 
Following major surgery, venipunc- 
ture may be difficult and lead to mis- 
interpretation of the results of this 
test. It is our opinion that a rise in the 
titer of the PST should be substan- 
tiated by another test indicating high 
levels of FDP. This test is frequently 
positive following operation but is 
not related, necessarily, to clinically 
evident intravascular coagulation.” 

The FDP measured by the TRCHII 
increase following surgery to a mean 
level of 19.5ug/ml between the fifth 
and the ninth postoperative day. 
Other studies also have demonstrated 
that the highest levels of FDP occur 
several days following surgery.» 
Some rise in the level of FDP occurs 
in all patients, and it is not clear 
whether these high values are due to 
the extensive extravascular coag- 
ulation attending surgery or to unde- 
sirable intravascular thrombotic com- 
plications. Using ‘I fibrinogen 
scanning to detect thrombophlebitis 
in patients following surgery for 
fractured neck of femur, Wood et al” 
have shown a higher elevation of the 
FDP in patients with than without 
thrombosis. Despite the frequent use 
of dextran, aspirin, and warfarin, 
venous thrombosis may have been 
present, but undetected, in some of 
the patients in our study. Since the 
highest levels are present from five to 
nine days after surgery, they are not 
secondary to the dextran or aspirin 
therapy given to these patients.” 

In patients who had major cardio- 
vascular surgery, the levels of FDP 
(TRCHII) correlated with three fac- 
tors. On the day of operation, as well 
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as the first, ith. miath, and 11th post- 
operative days, hə levels of FDP 
were signiffaatly higher im patients 
who had valve replacement. If a 
larger nume ef patients had been 
studied, the le~eiso? FDP might have 


been signifteaatly higher cn the re- ` 


maining postaperative days. Second, 
a level of FDE greeter tham 20ug/ml 
during the fist 24 hours following 
surgery was asseGated with renal 
failure in twe patents. There was no 
clinical evideace ef thrombosis of 
large vessels in tiese instances. One 
of these elewated 7alues was found in 
a patient whe cied on the 27th day 
following miwa. valve replacement. 
Autopsy denmmmstrated myocardial 
degeneration Sut no site of intra- 
vascular eoagrlet-on. Thirc, a rapid 
rise in the k=! cof FDP was associ- 
ated with clinace] evidence of throm- 
bosis in two out ef five nstances. 
Both of these patients probably had 
pulmonary emodli The leves of FDP 
did not cerre ste with the length of 
extracorporeal bysass or the amount 
of blood traas “used A value greater 
than 40ug/mi ecurred orce. Such 
high values kare been frequent in dis- 
seminated irtravascular coagulation.’ 
Values ranzgirg from 48æg/ml to 
175ug/ml have beer obtained in our 
laboratory m four cases of docu- 
mented dissemimated intravascular 
coagulation. 

In general tac SCT reflects the ele- 
vation of the TDP as determined by 
the TRCHIE Although the TRCHII 
will detect Bhie FDP, which are not 
detected by -he SCT, both these tests 
detect early FDF and soluble com- 
plexes conteimirg FDP or FM." 
Other invest gs ters rave found an ex- 
cellent correlacier betweer the re- 
sults of these -ests.®*”" In this study 
the correlation co#ficient (0.65) was 
less than thet Sound by these investi- 
gators. Also wery few of the rapid 
rises in the titer of zhe SCT were as- 
sociated witk e#mrplizations that were 
recognized cimicaly. We cannot ex- 
plain this Giserepancy, altaough it 
may be due, im pact. to technique. In 
the postoperat ve course o? cardio- 


Arch Surg/VYo 7, Bez 1973 


aE ETAT re aE 


vascular surgery, we feel the TRCHII 
is the preferred test. 

In this study, the titer of urinary 
FDP as measured by the TRCHII was 
not helpful in predicting the renal 
failure, which was associated with 
one episode of acute tubular necrosis 
and one episode of low cardiac output. 
Other investigators have demon- 
strated elevated levels in renal trans- 
plant rejection, acute glomerulone- 
phritis, renal failure associated with 
the hemolytic-uremic syndrome, and 
acute ischemic renal failure.°~ 

We conclude that the level of serum 
FDP, even when determined by the 
TRCHII, is of limited value in the 
postoperative management of pa- 
tients who have cardiovascular sur- 
gery. Moreover, a moderate rise in 
FDP is frequent and should net be in- 
terpreted as evidence for thrombosis 
or a coagulation abnormality, unless 
supported by additional clinical and 
laboratory findings. 


This investigation was supported in part by a 
grant fram the Kidney Disease Institute of the 
New York Department of Health, and by Public 
Health Service research grants RR 05409 and RR 
0229 of the Division of Research Resources, Gen- 
eral Clinical Research Center Branch. 
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Aortic Rupture in Children as a 





Complication of Coarctation of the Aorta 


Hisashi Nikaidoh, MD; Farouk S. Idriss, MD; William L. Riker, MD, Chicago 


Aortic rupture in children and adolescents 
may be the primary manifestation of coarc- 
tation of the aorta of the adult type. Two pa- 
tients with mycotic aneurysm immediately 
distal to the coarctation and one with dis- 
secting aneurysm of the ascending aorta are 
reported. Two of the patients died of hemor- 
rhage—one with mycotic aneurysm during 
operation, and the other with dissecting an- 
eurysm before operation could be per- 
formed. In the remaining patient with a my- 
cotic aneurysm resection and graft of the 
involved segment was successfully per- 
formed with the aid of partial bypass, hy- 
pothermia of 29.5 C, and total circulatory ar- 
rest for two periods of 22 minutes each. 
After a prolonged postoperative course com- 
plicated by ischemic brain damage, liver ab- 
scesses, and an aortic bifurcation aneurysm 
the patient recovered completely. 


Ca of the aorta of the 
adult type (postductal or juxta- 
ductal) is no longer considered life- 
threatening if it is diagnosed early 
and treated surgically. However, un- 
diagnosed or neglected cases may in- 
volve the same complications which 
used to be the common cause of death 
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in patients with coarctatior of the 
aorta, before the advent of surgical 
therapy in 1945. These complications 
are rupture of the aorta, bacterial en- 
docardizis or endo-aortitis, congestive 
heart failure, and intracranial hemor- 
rhage.'” 

At the Children’s Memoriel Hospi- 
tal in Chicago, 325 patierts with 
coarctation of the aorta have been 
treated surgically since 1946 During 
this period there were three cases of 
aortic rupture associated with the 
coarctation. Two were mycctic false 
aneurysms secondary to bacterial 
endo-acrtitis, and the other was a dis- 
secting aneurysm of the ascending 
aorta which ruptured into the peri- 
cardial cavity. 


Report of Cases 


Case 1 (CMH 25238, 1959).—A 5'4-year- 
old white boy was transferred to our insti- 
tution after two weeks of antibiotic treat- 
ment for general malaise, fever, and loss 
of appetite. En route to our hospital he 
vomited a large quantity of bright red 
blood. There was no previous history of 
cardiovascular disease. 

Physical examination revealed a pale, 
well-developed boy. The pulse rete was 80 
beats per minute and the blood pressure in 
the upper extremities was 160/82) mm Hg. 
An inconstant systolic murmur along the 
left sternal border, and minimal tender- 
ness in the epigastrium were noted. The 


femoral pulses were palpable but defi- 
nitely decreased in intensity and lagged 
behind the radial pulses. 

The blood hemoglobin value was 6.8 
gm/100 ml and the white blood cell count 
(WBC) was 14,800/cu mm. The chest roent- 
genogram showed borderline cardiac en- 
largement and a soft tissue density, the 
size of a golf ball, projecting from the left 
hilum into the lung field. 

Soon after admission to the hospital, the 
child had another episode of hematemesis 
and emergency surgery was performed. 

At operation, a firm’ mass, which ap- 
peared to be a hematoma, was found in the 
superior aspect of the hilum of the left 
lung. While carefully removing the fibrin- 
ous exudate covering the mass, there was a 
sudden gush of blood and blood clots. The 
child exsanguinated rapidly and died. This 
hematoma represented a false aneurysm 
communicating with a 2.5-cm tear on the 
anterior wall of the aorta. 

The autopsy findings confirmed the pres- 
ence of an adult-type coarctation of the 
aorta with a 2mm lumen. Distal to the 
coarctation, there was a fusiform dilata- 
tion of the aorta, with an irregular tear on 
its anterior wall. Through this defect, the 
aorta was communicating with a false an- 
eurysm which opened into the esophagus 7 
em cephalad to the cardia, and into the left 
pleural space. There was no gross evidence 
of bacterial endocarditis. The microscopic 
examination of the aorta near the rupture 
and the false aneurysm revealed consid- 
erable acute and chronic inflammatory 
changes. The postmortem bacterial culture 
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Fig 1.—Ches: ræntgenogram of 7-year- 
old boy with history of recent fall and previ- 
ously diagnosed eearctacion of aarta shows 
mediestinal wices 12, enlarged cardiac sil- 
houette, and netcting cf left fifth rib. Left 
border of superor mediestinum snows typi- 
cal ‘figure 3" comcour. 


of the intracardiac >lood was positive for 
Aerobicter aerege zs. 

Case 2 (CME 1837, 1962).—This 7-year- 
old white boy was activ2 and well until a 
week prior to aémession when he fell from 
the front steps ef tic home. He vomited in- 
termittently ducing shat evening, and the 
mother noted thal the anterior pert of his 
chest wall became *swolen.” After symp- 
tomatic treatment ter chest pain he was 
referred to our msctuticn. 

His past historywevealed that at 3 weeks 
of age his cenditicr kad been diagnosed as 
coarctation of the acrta. Since that time he 
had had at leas: tarze episodes ef pneu- 
monia. 

Physical examination revealed a nor- 
mally develeped. wei-nourished bey in no 
acute distress with a temperature of 38.0 
C. The dulserateveas 120 beats per minute 
and was prominent in the upper 2xtrem- 
ities and weak ia te femoral areas. The 
blood pressures ia te right and left arms 
were 145/95 and 143/100 mm Hg, respec- 
tively. No bleod pressure could be obtained 
in the lower extremi:ies. There was slight 
distension of the jmzular veins. The left 
anterior chest wall wes tender and bulged 
slightly. Bresth sounds were diminished on 
the left side anc tae heart souncs were 
muffled. An ejection pe systolic murmur, 
grade 2-3/6, was noced at the righ> upper 
sternal order. Tier was no friction rub. 
Arterial pulsations were palpated around 
the left scapula. The edge of the liver was 
palpable twc fingerareadths belew the 
right costal marg: The extremities were 
normal. 
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Fig 2.—Anteroposterior chest roentgen- 
ogram of 10%2-year-old boy with history of 
septicemia shows rapidly growing left hilar 
mass and notching in left third and fifth 
ribs. 





" 





Fig 4.—intraoperative photograph (case 
3). Upper end of photograph is cephalad; 
left end is anterior. Curved scissors point 
out coarcted segment; ragged opening of 
aorta faces anteriorly to layers of thrombus 
in mediastinum. Within aortic lumen, note 
large intercostal artery, which could have 
caused massive bleeding. 


The blood hemoglobin value was 10.1 
gm/100 ml, and the WBC was 17,400/cu 
mm with normal differential cell counts. 
The urine was normal. The blood and 
throat cultures were negative for patho- 
genic organisms. Chest roentgenograms 
showed a moderately enlarged cardiac sil- 
houette with widening of the mediastinum 
(Fig 1). Posterior deviation of the esoph- 
agus was noted on the esophagram. The 
electrocardiogram showed left atrial hy- 
pertrophy, incomplete right bundle branch 
block, and slight S-T segment elevatien in 





Fig 3.—Esophagrams for same boy as in 
Fig 2 confirm hemispherical mass in upper 
posterior mediastinum compressing esoph- 
agus anteriorly and laterally toward left. 
Left, Lateral view. Right, Anteroposterior 
view. 


leads II and aV,,. 

Pericardial aspiration performed on the 
second hospital day yielded 150 ml of ster- 
ile, red, cloudy fluid. The patient remained 
febrile and his precordial pain fluctuated 
in intensity. On the sixth hospital day, the 
heart sound became more distant, and in 
the afternoon the child’s respiration be- 
came shallow and he suddenly became un- 
conscious. Cardiac arrest occurred shortly 
thereafter and all efforts of resuscitation 
were unsuccessful. 

The postmortem examination revealed a 
partially organized blood clot, 1 to 2 em in 
thickness, surrounding the heart. In addi- 
tion, over the right atrium, there was an 
encapsulated hematoma (6 x 6 em), which 
communicated with a 1.5-cm tear in a fusi- 
form aneurysm of the ascending aorta. 
The aortic valve was bicuspid. There was 
no evidence of endocarditis. An adult-type 
coarctation of the aorta was found with a 
lumen measuring 2 mm. The ductus arte- 
riosus was probe-patent. The microscopic 
examination of the ascending aorta 
showed findings of dissecting aneurysm, 
with intramural hemorrhage and medial 
necrosis extending from the site of rupture 
to the arch. 

Case 3 (CMH 140439, 1970).—This 101%- 
year-old white boy suddenly became feb- 
rile and started vomiting. During the next 
two days he had severe chest and moderate 
abdominal pain. On the fourth day of his 
illness, he was hospitalized elsewhere with 
the diagnosis of septicemia, which was 
confirmed by three positive blood cul- 
tures of coagulase-positive Staphylococcus 
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aureus. Intravenous ampicillin sodium 
therapy did not improve his condition and 
he was transferred to our institution. 

On admission, the boy was alert, well- 
nourished, and of normal size for his age. 


No precordial thrill was present. Peri- 


scapular arterial pulsations were noted 
over the left thorax. The aortic component 
of the second heart sound was accentuated. 
An ejection-type systolic murmur, grade 2- 
3/6, was heard at the right upper sternal 
border. The abdomen was somewhat dis- 
tended and tender. The blood pressure was 
130/80 mm Hg in the arm. The lower ex- 
tremities had multiple petechial hemor- 
rhages in the distal portion of all toes, with 
gangrene of the distal segments of the 
right great and second toes. Femoral 
pulses were decreased in intensity, and the 
blood pressure in the lower extremities 
was estimated at 80 mm Hg by oscillation. 
Neurological findings were normal. 

The blood hemoglobin value was 9.3 
gm/100 ml, and the WBC was 10,000/cu 
mm. The urine showed microscopic hema- 
turia with clumps of WBC. The chest 
roentgenogram revealed a normal heart 
shadow and clear lung field. Notching was 
evident in the left third and fifth ribs. The 
ECG showed left axis deviation with sug- 
gestion of left ventricular hypertrophy. 
The diagnosis of coarctation of the aorta, 
complicated by septic emboli, was made. 

He was treated intravenously with 
methicillin sodium and buffered penicillin 
G potassium. The fever gradually subsided 
and subjective improvement was noted 
with decreasing abdominal pain. On the 
fifth hospital day, he developed a nonpro- 
ductive cough, and the chest pain increased 
in intensity. The chest roentgenogram 
taken the following day showed a left up- 
per mediastinal mass suggestive of a my- 
cotic aneurysm (Figs 2 and 8). 

Emergency surgery was performed. 
Upon entering the left thorax through the 
fourth intercostal space, the left lung was 
found adherent to the posterior and supe- 
rior mediastinum. This area was not dis- 
turbed initially. The ascending aorta and 
the right atrium were cannulated. Partial 
cardiopulmonary bypass was started and 
the patient was cooled to a rectal tempera- 
ture of 29.5 C. Then under complete cir- 
culatory arrest, the left lung was peeled 
off the posterior mediastinum, and an 
opening into a large (4-cm) false aneurysm 
was uncovered. The aneurysm was located 
just superior to the hilum of the left lung 
and was communicating with the aortic lu- 
men through a defect on the anterior wall 
of the aorta, distal to the coarctation (Fig 
4). Considerable amounts of fibrous in- 
flammatory changes were noted in this 
area. The aorta was resected from the ori- 
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gin of the left subclavian artery to a level 
approximately 2 cm distal to tie lower 
edge of the aortic rupture and knizted Dac- 
ron graft was used to replace the resected 
segment. Circulatory arrest was inter- 
rupted after 22 minutes with a 4-minute 
perfusion, which was followed by an addi- 
tional arrest period of 22 minates. Re- 
warming was accomplished under partial 
cardiopulmonary bypass. 

Examination of the resected segment of 
the aortic wall revealed an edult-type 
coarctation with a lumen measuring 2 mm 
in diameter. About 0.5 em distal to this 
point, there was an area of intimal necro- 
sis, where the entire thickness of the aortic 
wall was replaced by fibrin and granula- 
tion tissue, with numerous polymorphonu- 
clear leukocytes. 

The patient’s postoperative course was 
protracted and complicated by the follow- 
ing: 

1. Central nervous system insult, prob- 
ably secondary to prolonged circulatory 
arrest at an inadequate depth of hypo- 
thermia. (Several months after the sur- 
gery, the patient had completely recovered 
from this injury.) 

2. Multiple liver abscesses with filling 
defects in the liver scan, a septic course, 
jaundice, and hemobilia necessitating mul- 
tiple laparotomies. 

3. A saccular aneurysm discovered at 
the bifurcation of the aorta at one of the 
laparotomies, and electively resected five 
months after the original surgery. (Micro- 
scopically, the resected specimen showed 
thickened intima with an increase in pale 
myxomatous ground material and general- 
ized absence of elastic fibers in the entire 
aortic wall.) 

He was finally discharged from the hos- 
pital six months after the original admis- 
sion. The patient is presently alive and 
doing very well and has not had any fur- 
ther complications for the pasz 2% years. 


Comment 


The natural history of coarctation 
of the aorta of the adult type before 
the advent of surgical treatment was 
well summarized by Abbott' in 1928 
and by Reifenstein and his associ- 
ates’ in 1947. According to these stud- 
ies, tne average age at death was less 
than 35 years. Three quarters of the 
patients died of various complications 
of the coarctation. Spontaneous aortic 
rupture caused one fifth of the deaths, 
and bacterial endocarditis or endo- 
aortitis accounted for slightly less. In 
a few, bacterial endo-aorzitis caused 
aortic rupture through formation of 
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mycotic false aneurysm. Other signif- 
icant complications leading to death 
were congestive heart failure and in- 
tracranial hemorrhages. 

In coarctation, aortic rupture can 
occur by two different mechanisms: 
(1) spontaneous without infection, 
and (2) secondary to bacterial endo- 
aortitis and mycotic false aneurysm. 

1. Aortic Rupture Without Infec- 
tion.—This type appears to be more 
common than the one induced by in- 
fection. Usually it takes the form of 
a dissecting aneurysm, which even- 
tually ruptures into the pericardial 
sac, pleural cavity, esophagus, or 
bronchial lumen. Hyaline degenera- 
tion and decrease in elastic tissue in 
the media are the usual underlying 
abnormalities found in the wall of the 
aorta near the site of rupture. Ac- 
cording to Abbott’ and Reifenstein et 
al, the overwhelming majority of this 
type of aortic rupture occurred in the 
ascending aorta. However, Skanda- 
lakis et al,’ in his recent review, found 
an equal distribution of dissecting 
aneurysm in the prestenotic and post- 
stenotic segments of the coarctation. 

In the published series, this type of 
aortic rupture occurred on the aver- 
age in the third decade of life. In our 
case 2, the early occurrence of rupture 
(probably the youngest reported) may 
be related to the blunt trauma.’ 

2. Aortic Rupture Secondary to Bac- 
terial Infection.—This type is due to 
mycotic false aneurysm caused by di- 
rect bacterial invasion of the aortic 
wall from endo-aortitis. This occurred 
more frequently in the poststenotic 
segment where bacterial vegetations 
were seen most often,'*°-' and less 
frequently in the ascending aorta,‘ in 
the prestenotic segment,’ and in the 
ductus arteriosus.'’'' The two ma- 
jor causative microorganisms were 
staphylococci and streptococci. Al- 
though there are a few reports of 
inactive, calcified mycotic aortic an- 
eurysms,™ they usually progress to 
rupture into the pleural cavity, the 
esophagus, or the bronchial lumen, re- 
sulting in death.’ 

These mycotic aneurysms associ- 
ated with coarctation of the aorta 
characteristically occurred in boys be- 
tween 10 and 20 years of age," the 
youngest being 3! years old.” 
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Symptems and physical findings 
were those dis t subacute or acute 
bacterial infection, and those second- 
ary to mycovic aneurysm. Pyogenic 
emboli causing petechiae, Osler 
nodes, acute abeominal pain, ileus, 
splenic infaret, liver abscess, and fo- 
cal nephritis were orly seen distal to 
the site of the mtralumenal infection. 

Chest roen:gemograms showed the 
typical findings of coarctation, and, in 
addition, a raəidly expanding soft tis- 
sue density m tae eft hilus. Some 
fluid in the left pleural cavity proba- 
bly represenved inflammatory effu- 
sion or the amse! of a hemothorax. 
Lateral views of the chest located a 
mass compressing the trachea ante- 
riorly. = Esq@phazram may confirm 
the presence ef a mass displacing the 
midesophagus (F g 3). Transvenous 
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angiocardiogram has been used for 
the diagnosis of mycotic aneurysm of 
this nature." 

Probert’ (1956) successfully 
treated a mycotic aneurysm distal to 
the coarctation which was bleeding 
into the left main bronchus of a 15- 
year-old boy, using surface-induced 


hypothermia and an aortic homo- 


graft. Smce then, only a limited num- 
ber of successes have been re- 
ported.'=" 

_ The major technical difficulty in the 
management of this surgical emer- 
gency is due to the sudden uncon- 
trollable hemorrhage, which may oc- 
cur early during the dissection (case 
1).°:'° For this reason the false aneu- 
rysm and the surrounding structure 
should not be disturbed until mea- 
sures such as extracorporeal circula- 
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tion and hypothermia are taken to * 


manage massive bleeding from the 
aorta. 

In our case 3, the ascending aorta 
and right atrium were cannulated, 
partial bypass was initiated, and hy- 
pothermia was induced before dis- 
turbing the area of the aneurysm. 
Thus, when massive bleeding oc- 
curred during the dissection from un- 
covering a sealed rupture of the 
aorta, total circulatory arrest was em- 
ployed, allowing us to proceed with 
resection and grafting in a bloodless 
field. 

This principle of preliminary par- 
tial bypass, hypothermia, and circula- 
tory arrest has been used successfully 
by others for extensive aortic arch 
surgery and various surgical cardio- 
vascular emergencies.'"''* 
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Lederle Laboratories presents 
EXPLORATIONS IN ANTIMICROBIAL THERAPY 


DISCOVER 


microbial specificity in a wide range of 
hospital infections due to susceptible 
pathogens* 





MINOCYCLINE HCI 
INTRAVENOUS 100 mg/vial 


Meets bacterial 
challenges 
in the hospital 








MINOCIN Minocycline HCI 
Intravenous administered 
in dosages identical to 
the usual oral regimen of 
MINOCIN, 200 mg 
initially, 100 mg q. 12 h., 
provides prompt 
antimicrobial serum 
levels to control in- 
fections caused by 
susceptible patho- 
gens in the hospital. 


importance, such as 
susceptible Bacteroides sp., 
Clostridium sp. and Mima- 
Herellea sp., implicated 
in postsurgical G.I. and 
G.U. infections; and 
against populations of 
ecognized importance 
such as E. coli and 
Klebsiella sp. (See 
Table II.) 


MINOCIN I.V. used 


MINOCIN can be as recommended 
effective in the rarely results in 
treatmentof pneu- thrombophlebitis. 
monia, skin and If MINOCIN I.V. is 
soft tissue infec- given over pro- 
tions, bacteremia longed periods, 


however, throm- 
bophlebitis may 
occur. In all appli- 
cable cases, oral 
MINOCIN should be 
instituted as soon as 
possible. 


and septicemia. In 
hospital infections, 
it can be useful 
against populations 
of pathogens 
assuming increasing 


“When bacteriologic testing indicates appropriate 
susceptibility to MINOCIN Minocycline HCI. 
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VIINOCIN Minocycline HCI 
enetration levels after oral administration: 
espiratory, G.I., G.U. and other tissues/fluids 
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he major part of the cata ir hurmams was derived from the pharmacolagic trial in patients scheduled for various types of surgery. 
ney were giventhe NISLOCI 4 >ading dose of 200 mg initially followed by 100 mg at 12-hour intervals for four days. At the time of 
irgery, a blood sampe was dawn and a two-gram specimen of excised tissue was reserved for analysis. 


‘ABLE Il 
PENETBATES SITES OF INFECTION TO IN VITRO ACTIVITY+ OF MINOCIN Minocycline HCI 
OVERCOME SUS SEPI3LE HOSPITAL PATHOGENS* AGAINST 421 STRAINS OF VARIOUS BACTERIA, 
INCLUDING PATHOGENS AND NONPATHOGENS?++ 
NUMBER OF 
SITES OF SURGERY/INFECTION 
PATHOGEN” (NOT INCLUSIVE) ORGANISM TESTED ee ACTIVITY. 
Bacteroides sp. Gallbladder 
Lower G.I. Tract 
Female G.U. Tract Staphylocoecus aureus 56 56 
Diplococcus pneumoniae 35 31 
Clostridium sp. | Gallbladder ; Streptococcus, group A 63 57 
Streptococcus, group B | 12 6 
E. coli ge Streptococcus, group C 3 3 
G U. Tract Streptococcus, group G 3 3 
Streptococcus viridans 31 30 
Klebsiella sp- Respiratory Tract Enterococcus 36 6 
G.U. Tract Neisseria gonorrhoeae 25 21 
z s Pe Tiel Hemophilus influenzae 15 1 
A: neg eaii rye Escherichia coli 48 32 
Proteus sp. 34 
Enterobacter G. . Tract "4 Beene 6 
‘Aerobacter) G.J. Tract Klebsiella 17 9 
Enterobacter aerogenes 3 3 
4. influenzae Respiratory Tract Enterobacter cloacae 7 3 
Serratia | 4 4 
=nterococcus Lower Bowel Herellea 7 7 
G.L Tract ; 
Mima polymorpha 1 1 
P j tt 15 
inte Harelion sp satire seudomonas aeruginosa ti 6 
Vaginal Tract 
Staphylococcus asreus*<* Skin and Soft Tissue 
hen bacteriologic tesina imdic«tes appropriate susceptibility to + No direct correlation should be inferred between in vitro and 
INOCIN Minocyclines®=e È in vivo activity. 
INOCIN notactwe aca nst Pæoæ@us sp. or Pseudomonas. ++ No approved clinical indication for MINOCIN therapy in infections 
itracyclines are aot pozu ef choice in the treatment of any type of due to Proteus sp., Pseudomonas. 
aphylococcal infections M NOTIN is indicated for treatment of +++ Includes two strains of P. morganii and P. rettgeri and 32 of 
aphylococcus aureus in snanmd soft tissue infections only when P. mirabilis. . 


icteriologic tests indisate anprapsate susceptibility to the drug. _ 


Before prescribing MINOCIN, please refer to the prescribing information for full description 
> of adverse effects and precautions, a copy of which is on the last page of this advertisement. 
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NISCOVER 


the meaning of microbial specificity with 


ia ca 
MINOCN 
MINOCYCLINE HC 


semisynthetic tetracycline 
for office and hospital 


MINOCIN provides 
effective therapy with 
relatively few problems 


@ Penetrates tissues of respiratory, G.I. and 
G.U. tracts, skin and muscle. 


® No photosensitivity to date. 


® Well absorbed even with food, dairy 
products or colas. 


® Enamel hypoplasia/tooth staining can 
occur in children under eight. 


® If renal impairment exists, lower than 
usual doses are indicated. (See WARNING 
in Package Insert.) 


® Lightheadedness that may occur is tran- 
sient, disappearing during therapy or always 
after therapy is completed. 


® Dosage form flexibility: supplied as 50 mg 
and 100 mg capsules, 50 mg/5 cc syrup, and 
100 mg/vial intravenous. 





Lederle Laboratories 
ederle A Division of American Cyanamid Company 
Pearl River, N.Y. 10965 


NEW 
50 mg 
CAPSULE 


If more 
frequent doses 
are preferred 
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MINOCIN’ Minocycline Hydrochloride 
Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochlo- 
ride is a semi-synthetic derivative of tetracycline, 
7-dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride. 


Intravenous: Each vial, dried by cryodesiccation. 
contains sterile Minocycline Hydrochloride equiva- 
lent to 100 mg. Minocycline. When reconstituted 
with 5 cc. of Sterile Water For Injection the pH 
ranges from 2.0to2.8 


ACTIONS: Microbiology. The tetracyclines are pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein syn- 
thesis. Minocycline HCI is a tetracycline with anti- 
bacterial activity comparable to other tetracyclines 
with activity against a wide range of gram-negative 
and gram-positive organisms 

Tube dilution testing: Microorganisms may be 
considered susceptible (likely to respond to mino- 
cycline therapy) if the minimum inhibitory concen- 
tration (M.1.C.) isnot more than 4.0 mcg./mI. Micro- 
organisms may be considered intermediate 
(harboring partial resistance) if the M.I.C. is 4.0 to 
12.5mcg./ml. and resistant (not likely to respond to 
minocycline therapy) if the M.1.C. is greater than 
12.5 mcg./ml. 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 mcg. 
tetracycline disc) gives‘a zone of 18 mm. or greater. 
the bacterial strain is considered to be susceptible 
to any tetracycline. Minocycline shows moderate 
in vitro activity against certain strains of 
staphylococci which have been found resistant to 
other tetracyclines. For such strains minocycline 
susceptibility powder may be used for additional 
susceptibility testing 


INDICATIONS. MINOCIN minocycline HCI is indi- 
cated in infections caused by the following micro- 
organisms: 

Rickettsiae: (Rocky Mountain spotted fever, ty- 

phus fever and the typhus group, Q fever. rickett- 

sialpox, tick fevers.) 

Mycoplasma pneumoniae (PPLO, Eaton agent). 

Agents of psittacosis and ornithosis. Agents of 

lymphogranuloma venereum and granuloma in- 

guinale. The spirochetal agent of relapsing fever 

(Borrelia recurrentis). The following gram-nega- 

tive micro-organisms: Hemophilus ducreyi 

(chancroid), Pasteurella pestis and Pasteurella 

tularensis, Bartonella bacilliformis, Bacteroides 

species, Vibrio comma and Vibrio fetus. Brucella 
species (in conjunction with streptomycin). 

Because many strains of the following groups of 
micro-organisms have been shown to be resistant 
to tetracyclines, culture and susceptibility testing 
are recommended 

MINOCIN minocycline HCI is indicated for treat- 
ment of infections caused by the following gram- 
negative micro-organisms, when bacteriologic test- 
ing indicates appropriate susceptibility to the drug: 

Escherichia coli, Enterobacter aerogenes (for- 

merly Aerobacter aerogenes), Shigella species. 

Mima species and Herellea species, Haemo- 

philus influenzae (respiratory infections), Kleb- 

siella species (respiratory and urinary infections). 

MINOCIN is indicated for treatment of infections 
caused by the following gram-positive micro-or- 
ganisms when bacteriologic testing indicates ap- 
propriate susceptibility to the drug: 
Streptococcus species: Up to 44 percent of strains 
of Streptococcus pyogenes and 74 percent of 
Streptococcus faecalis have been found to be re- 
sistant to tetracycline drugs. Therefore, tetracy- 
clines should not be used for streptococcal disease 
unless the organism has been demonstrated to be 
sensitive. 

For upper-respiratory infections due to group A 
beta-hemolytic streptococci, penicillin is the usual 
drug of choice, including prophylaxis of rheumatic 
fever. 


PEDIATRIC DOSAGE. 


(GENERAL) (GENERAL) 


` HOW SUPPLIED 


MINOGIN LV. 

100 mg/Vial 
200 mg initially, 
100 mg q. 12 hk. 


1 Vial 190 mg 


4 mg/kg initially, 
Box of 100 Vials 


2 mg/kg q. 12 h. 


MINOCIN Capsele= 


100 mg 200 mg initially, 


100 mg q. 12 h. 


Bottles of 50's and 100's; 


4 mg/kg initially, 
Unit dese 10 x 10's. 


2 mg/kg q. 12 h. 


_ MINOCIN Capsale= 


100 mg or 20C m 
50mg 9 Y 


initially, 50 me 
q.i.d. 


4 mg/kg initially. 


2 mg/kg q. 12 h. Bottles of 100's 


MINOCIN Syrup 

50 mg/5 cc 
2 teaspoonfuls 
(100 mg) initially, 
1 teaspoonful 
(50 mg) q.i.d. 


4 mg/kg initially. 


2 mg/kg q. 12h. 2-fluidounce Bottles 


Diplococcus pneunmmez, 

Staphylococcus aura, sk and soft tissue infec- 

tions. Tetracyclines ar= ot taedrug of cheice in the 

treatment of any typ sta »hvlococcal infection. 
When penicillin ises tramæcated. tetracyclines 
og tie drugs im the reatment of wnfections 
ue to: 

_ Neisseria gonorrhome 2, Treconema paldum and 
Treponema perterure= sy pmi s and yaws), Listeria 
monocytogenes, C’cstriaum species Bacillus 
anthracis. Fusobectemune fusiforme ‘Vincents 
infection), Actinomyces ssecies. 

In acute intestine asebass. the tetracyclines 
may be a useful adjunct 0 enebicides. 

MINOCIN is indicated in taetreatment of tracho- 
ma, although the isfectious agent ts net always 
eliminated. as jud by immnunofiuorescence. In- 
clusionconjunctivit may be treated with Dral tetra- 
cyclines or with a cama:nazora of oral ard topical 
agents. 


Oral only: In sevesesacne the tetracyclines may 
be useful adjunctive th=rapy. Minocycline is indi- 
cated in the treatmen i asymptomatic carriers of 
N. meningitidis to elmir ate neningococe fromthe 
nasopharynx. 

In order to preservet= usefulness of MINOCIN 
minocycline HCI in the ament of asymptomatic 
meningococcal carre diagnostic laboratory pro- 
cedures, including serctypene and susceptibility 
testing, should be pefemmectoestablish the carrier 
state andthe correc@tret ment It is recommended 
that the drug be reseve forsituations in which the 
risk of meningococcal mening tis is high. 

Minocycline is noriraiated for the treatment of 
meningococcal infeetre= 


CONTRAINDICATIGNE. Ths drug is centraindi- 
_ cated in persons wh» =e Shown hypersensitivity 


The antianabolic action of the tetracyclines may 
cause an increase in BUN. While this is not a prob- 
lem in those with normal renal function, in patients 
with significantly impaired function, higher serum 
levels of tetracycline may lead to azotemia, hyper- 
phosphatemia, and acidosis. 

CNS sideeffects including lightheadedness, diz- 
ziness or vertigo have been reported. Patients who 
experience these symptoms should be cautioned 
about driving vehicles or using hazardous machin- 
ery while om minocycline therapy. These symptoms 
may disappear during therapy and always dis- 
appear rapidly when the drug is discontinued. 


Usage in Pregnancy. (See above Warnings about 
use during tooth development.) 

Results cf animal studies indicate that tetracy- 
clines cross the placenta, are found in fetal tissues 
and can have toxic effects on the developing fetus 
(often related to retardation of skeletal develop- 
ment). Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 


Usage in mewborns, infants, and children. (See 
cg “Warnings about use during tooth develop- 
ment. 

Alltetracyclines form a stable calcium complex in 
any bone farming tissue. A decrease in the fibula 
growthrate ñas been observed in prematures given 
oral tetracycline in doses of 25 mg/kg. every 6 
hours. This reaction was shown to be reversible 
when the drug was discontinued. 

Tetracyclines are present in the milk of lactating 
women whe are taking a drug inthis class. 


PRECAUTIONS. As with other antibiotics prepara- 
tions, use of this drug may result in overgrowth of 
nonsusceptible organisms, including fungi. If super- 
infection occurs. the antibiotic should be discon- 





symptoms and fever have subsided 

Concomitant therapy: Antacids containing 
aluminum. calcium. or magnesium impair absorp- 
tion and should not be given to patients taking oral 
tetracycline. 

Studies todate have ind:cated that the absorption 
of MINOCIN is not notably influenced by foods and 
dairy products. 

In patients with renal impairment: (See “Warn- 
ings.) Total dosage should be decreased by reduc- 
tion of recommended individual doses and/or by 
extending time intervals between doses 

In the treatment of streptococcal infections. a 
therapeutic dose of tetracycline should be adminis- 
tered for at least 10 days. 

ADULTS: The usual dosage of MINOCIN minocy- 
cline HCI is 200 mg. initially followed by 100 mg. 
every 12 hours. Alternatively. if more frequent doses 
are preferred. two or four 50 mg. capsules may be 
given initially followed by one 50 mg. capsule four 
times daily. 

CHILDREN: The usual dosage of MINOCIN mino- 
cycline HCI is 4 mg./Kg. initially followed by 2 mg./ 
Kg. every 12 hours. 

Fortreatment of syphilis. the usual dosage of 
MINOCIN should be administered over a period of 
10-15 days. Close followup. including laboratory 
tests. is recommended. ) 

Gonorrhea patients sensitive to penicillin may be 


treated with MINOCIN, administered as 200 mg ` 


initially followed by 100 mg. every twelve hours for 
a minimum of 4 days. with post-therapy cultures 
within 2-3 days. 

In the treatment of meningococcal carrier state 
recommended dose is 100 mg. every 12 hours for 
five days 


DOSAGE AND ADMINISTRATION: INTRAVE- 


NOUS. Note: Rapid administration is to be avoided. 
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to any of the tetracyelimss. tinuedand appropriate therapy should be instituted. Parenteral therapy is indicated only when oral 
In venereal diseases when coexistent syphilis is therapy is not adequate or tolerated. Oral therapy 2 

WARNINGS. In the presence cf renal dysfunction, suspected, darkfield examination should be done should be instituted as soon as possible. If intrave- è 
particularly in pregnancy. in ravenous tet-acycline before treatment is started and the blood serology nous therapy is given over prolonged periods of | a 
therapy in daily doses e>eeedirg 2 grams ^as been repeated menthly for at least 4 months. time. thrombophlebitis may result. ; 
associated with dea*hs ~1ro 1g liver failure. Because tetracyclines have been shown to de- ADULTS: Usual adult dose: 200 mg. followed by p 
Whentnheneedfor n=ansive teatment outweighs press plasma prothrombin activity. patients who are 100 mg. every 12 hours and should not exceed 4 
itspotential dangers mestly during pregnancy or in on anticoagulant therapy may require downward 400 mg. in 24 hours The drug should be initially dis- é 
individuals with Known >æ suspected renal or liver adjustment ef their anticoagulant dosage. solved and then further diluted to 500-1,000 cc. with j 
impairment), itisadveet 2tooerformrenaiandliver in long-teem therapy, periodic laboratory evalua- either Sodium Chloride Injection USP. Dextrose 
function tests beforeame dumne therapy. Also tetra- tion of organ systems, including hematopoietic, Injection USP. Dextrose and Sodium Chloride In- a 
cycline serum concentra iors should be fellowed. renal and hepatic studies should be performed jection USP, Ringer's Injection USP, or Lactated i 
Ifrenal impairmen -@e sts, 2v2n usual oral or par- All infections due to Group A beta-hemolytic Ringer's Injection USP but not in other solution F 
enteral doses may leadit»excessive systemic accu- streptococc: should be treated for at least 10 days. containing calcium (a precipitate may form). A 

mulation of the drug =d possible liver toxicity. Since bacteriostatic drugs may interfere with the The reconstituted solutions are stable at room i 
Under suchiconditiors we than usual toral doses bactericidal action of penicillin, it is advisable to temperature for 24 hours without significant loss of ; 


are indicated, and ifftfierap~ is prolonged, serum 
level determinationso the Crug may be advisable. 
This hazardis of parti=ula® immortance in the paren- 
teral administration cf t=tracec ines to pregnant or 
post-partum patients with syelonephrits. When 
used under these cheu estances, the blood level 
should not exceed 15 —icrograms/mi. and liver 
function tests shouldbe "mad +a frequent intervals. 
Other potentially hepate toxi crugs shou not be 
prescribed concomitant. 

The use of tetracyclir es curing tooth develop- 
ment (last half of precnapcy, mfancy, and childhood 
to the age of 8 years) may sawuse permament dis- 
coloration of the teet » (y=|ow-gray-brown) This ad- 
verse reaction is mose=xc ommon during Icng-term 
use of the drugs but a= see Dbserved following 
repeated short-term comrse=. =namel hypoplasia 
has also been reporest Tetracyclines, therefore, 
should not be used ia fs ace group unless other 
drugs are not likely © Œ efective or are contra- 
indicated 
_ Photosensitivity marisested >y an exacgerated 
sunburn reaction hasibe=n omserved in same indi- 
viduals taking tetracyc mes. Pa ients apt to be ex- 
posed to direct sunliqhter utraviolet lighe should 
be advised that this mastion'cen occur weh tetra- 
cycline drugs, and treatrvent®skould be dsscontin- 
ued at the first eviderce<f sBin-erythema. Studies 
todateindicatethat pactesenmitvitydoes not occur 
with MINOCIN minocysé oe Cl. 
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avoid giving tetracycline in conjunction with peni- 
cillin. 


ADVERSE REACTIONS. Gastrointestinal: Ano- 
rexia, nausea, vomiting, diarrhea, glossitis, dys- 
phagia, enterocolitis, and inflammatory lesions 
(with monilial overgrowth) in the anogenital region. 

These reactions have been caused by both the 
oral and parenteral administration of tetracyclines. 
Skin: MaculDpapular and erythematous rashes. 
Exfoliative dermatitis has been reported but is un- 
common. Photosensitivity is discussed above. (See 
“Warnings. )Renal toxicity: Rise in BUN has been 
reported and is apparently dose related. (See 
“Warnings. ) Hypersensitivity reactions: Urticaria, 
angioneurotic edema, anaphylaxis, anaphylactoid 
purpura, persearditis and exacerbation of systemic 
lupus erythematosus. Bulging fontanels have been 


reported in young infants following full therapeutic — 


dosage. This sign disappeared rapidly when the 
drug was discontinued. Blood: Hemolytic anemia. 
thrombocytopenia, neutropenia and eosinophilia 
have been reported. CNS: (See Warnings. } When 
given over prolonged periods, tetracyclines have 
been reported to produce brown-black microscopic 
discoloration of thyroid glands. No abnormalities 
of thyroid furction studies are known to occur. 


DOSAGE AND ADMINISTRATION: ORAL.Therapy 
should be continued for at least 24-48 hours after 


` 


potency. Any-unused portions must be discarded 
after that period.Thefinal dilution for administration 
should be administered immediately. 

CHILDREN: Usual pediatric dose: 4 mg/kg, fol- 
lowed by 2 mg./kg. every 12 hours. 

In patients with renal impairment: (See ` Warn- 
ings.) 

Total dosage should be decreased by reduction of 
recommended individual doses and/or by extend- 
ing time intervals between doses. 


HOW SUPPLIED. Capsules— Minocycline Hydro- 
chloride equivalent to 100 mg. Minocycline. Hard- 
shell purple and orange. Bottles of 50 and 100; Unit 
Dose 10 x 10s. Product No. 5301. 

Minocycline Hydrochloride equivalent to 50 mg. 
Minocycline. Hardshell orange. Bottles of 100 and 
Unit Dose 10 x 10's. Product No. 5300. 

Syrup— Minocycline Hydrochloride equivalent 
to 50 mg. Minocycline per teaspoonful (5 cc.). Pre- 
served with propylparaben 0.10% and butylparaben 
0.06% with Alcohol USP 5% v/v. Custard-flavored in 
bottles of 2 fl. oz. Product No. 5313. 

Intravenous—100 mg. vials of sterile cryodesic- 
cated powder. Product No. 5305. (Combined 5/73) 


MILITARY FSN 6505-149-0574 100 mg I.V. 


MILITARY FSN 6505-003-5112 
VA FSN 6505-003-5112A } 100 mg monin 


The Pathogenesis 


of Postoperative Atelectasis 


A Clinical Study 


James D. Schlenker, MD, Charles A. Hubay, MD, Cleveland 


Atelectasis was determined by ausculta- 
tion in 151 patients after abdominal surgery. 
The roentgenographic findings correlated 
well with auscultatory evidence of atelec- 
tasis. A carefully taken respiratory history 
was as helpful as pulmonary function tests 
in predicting postoperative atelectasis. The 
incidence of atelectasis was related to dura- 
tion of surgery but not to age or obesity. 
Temperature elevation on the first postoper- 
ative day was directly related to the degree 
of atelectasis, but the white blood cell count 
(WBC) elevation was inversely related. No 
correlation was found between the bacterio- 
logic state of the lower respiratory tract at 
the time of surgery, determined by an en- 
dotracheal aspirate culture, and the inci- 
dence of postoperative atelectasis, tempera- 
ture, or WBC elevation. On the basis of this 
study, atelectasis is shown not to be related 
to an infectious process. 


ae is a well-recognized 
postoperative pulmonary com- 
plication.: Although the effect of ate- 
lectasis on the pulmonary physi- 
ological state can be precisely 
defined,** the mechanism by which 
collapse of alveoli occurs is not well 
understood. Fever, which often ac- 
companies the other signs of atelec- 
tasis, suggests that infection is also 
present.** However, little experimen- 
tal evidence exists to substantiate 
this impression.” 

This study was designed in order to 
determine the factors that predispose 
to postoperative atelectasis. The inci- 
dence of: atelectasis was correlated 
with the preoperative pulmonary con- 
dition, the nature of the operative 
procedure, and the bacteriologic 
status of the lower respiratory tract. 
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Materials and Methods 


During a three-month period, 151 pa- 
tients on the general surgical service who 
underwent abdominal operations, exclud- 
ing inguinal herniorrhaphies, were stud- 
ied. All received endotracheal anesthesia. 
Their ages ranged between 17 and 90 
years. Fifty-seven. were men and 94 
women. These patients have been included 
in another study concerning postoperative 
pulmonary infections." 

The preoperative pulmonary status was 
evaluated with a respiratory questionnaire 
and with mechanical pulmonary function 
tests. Forced expiratory one-second vol- 
ume (FEV,) and forced vital capacity 
(F VC) were measured and compared to the 
expected values.” The historical data ob- 
tained from the questionnaire was used to 
determine the severity of bronchitis, ac- 
cording to the degree of chronic coughing 
and quantity of sputum produced. The fre- 
quency of chest colds and the number of 
cigarettes smoked each day were also con- 
sidered. 

The colonization of the lower respiratory 
tract was determined at the time of sur- 
gery by culturing secretions aspirated 
from the trachea and bronchi through the 
endotracheal tube. The culture results 
were reported according to the number of 
colonies of normal throat flora (NTF) or 
pathogens. Less than 100 colonies of NTF 
was reported as slight normal throat flora 
(SNTF) and greater than 100 colonies as 
normal throat flora (NTF). Fewer than 
three pathogens was reported as no 
growth. 

Postoperatively, each patient’s care was 
managed by his own surgeon. Routine res- 
piratory care included early ambulation 
and coughing and breathing exercises. 
Chest x-ray films and sputum cultures 
were obtained only when clinically indi- 
cated. The pulmonary condition was fol- 
lowed by daily auscultation of the chest 
by the same observer, using a Littmann 
stethoscope. Minimal atelectasis was diag- 
nosed when either decreased breath sounds 
or a few rales were auscultated. Severe 
atelectasis was defined by the absence of 


breath sounds or by the presence of many 
coarse rales. Frequent oral temperatures 
were taken postoperatively. The white 
blood cell count (WBC) was observed after 
surgery and compared with the preopera- 
tive values. Blood samples for culture were 
drawn from patients with temperatures 
above 38.5 C. At the same time, a nitroblue 
tetrazolium (NBT) test was performed on 
peripheral blood samples. According to ex- 
perimental studies, characteristic staining 
of greater than 10% of neutrophils is asso- 
ciated with a pyogenic infection." 

The type of endotracheal anesthesia and 
doses of accompanying muscle-blocking 
agents and narcotics were recorded, as 
well as duration of surgery. A computer 
was used to help tabulate and correlate the 
results. Statistical significance was judged 
with the x? test. 


Results 


On the basis of auscultatory find- 
ings alone, 110 of the 151 patients de- 
veloped some degree of atelectasis. A 
good correlation was found between 
the auscultatory and roentgen- 
ographic evidence for atelectasis. All 
patients had preoperative chest x-ray 
films and six were reported as show- 
ing changes consistent with atelec- 
tasis. Of the 42 patients with normal 
auscultatory findings after surgery, 
ten had chest x-ray films and all were 
normal. Of the 67 patients with only 
minimal auscultatory evidence of ate- 
lectasis, 16 had x-ray films of which 
nine were abnormal, showing either 
discoid atelectasis, a homogeneous 
density, or a small pleural effusion. Of 
the 42 patients with severe ausculta- 
tory changes, 34 had postoperative x- 
ray films of which 21 or 62% had acute 
changes—five with plate-like atelec- 
tasis, 11 with homogeneous density, 
and five with pleural effusion. Of 
those with no atelectasis, one devel- 
oped a pulmonary infection, acute 
bronchitis, one week after surgery. Of 
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those with minimal ate ectasis, two 
developed infections, one with acute 
bronchitis and one with pneumonia. 
Of these with moderate to severe ate- 
lectas.s, five devesoped infections, one 
with acute bronmitis and four with 
pneumonia. 4] except ons, who died 
with Pseudrmones pneumonia and 
septicemia, »esponded to the appro- 
” priate antibiotic therapy. 


Preoperatie pulmonary function 


tests were performed on 128 patients, 
excluding these patients with acute 
abdominal protlems. The correlation 
between the results of the pulmonary 
function tests and the history of 
bronchitis and frequency of chest 
colds has beer previously reported." 
Similarly, a correlation was shown be- 
tween smoking and chronic bron- 
chitis."' + 

In this study, 1 panificary correla- 
tion was found between the evidence 
for chromic pulmcnary diseas2 and the 
incidence of pest operative: atelectasis - 
(Table Ð. The six patierts with 
changes consisseat with atelectasis — 
on the pr2operative chest x-ray films 
were excluded Of zhe 16 patients 
with a history of severe bronchitis, 
63% had severe atelectasis, whereas © 
enly 20% cf the 0! w-th no history of 


bronchitis hac tais degree of atelec- 


tasis. A similar relation between fre- 
quency of chest.<o ds and severity of 


atelectasis was found (Table 1). The 


correlation between EEN, and the in- 
cidence of atelectasis was significant. 
Of the 22 patients with an FEV, more 
than two standard deviations below 


| 
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the mean expected value, nine or 41% __ 


developed moderate to severe atelec- 
tasis, wher2zas orly 22% of the 106 
with a normal FEV, had this degree 
of atelectasis (Tabie 2). Although a 
history of smoking has previously 
been shown to eorclate with the se- 
verity of bronchits,'' smoking alone 
was not found te have a signi‘icant 
correlation with tre severity of ate- 
lectasis (P>.1). se 

Of the 128 patierts who performed 
pulmonary f ınctiom tess, 82 devel- 
oped severe auscukatory signs í of ate- 
lectasis. Ten of these who developed 
severe atelectasis had <n abnormal 
FEV, and 11 had an FEV, /FVC be- 
low 70%. Fourteen bad either an ab- 


normal FEV, or an FEV, FVC below 


gge %5 
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Table 1 isineidence of Atelectasis 
in Relation to History of Bronchitis 
and Frequency of Chest Colds 


% With 
No.of Severe 
Patients Atelectasis 


Respiratory 
History 


None 


| Slight 


Moderate to 
= severe 
Chest coldst 

None 
Less than once > 
each year 
Once or more 
each year 


* x= 14.4, df = 4, PKO 

ł x? = 10.1, df = 4, P <.05. Six patients 
with preoperative evidence of atelectasis 
were excluded. 


ie 


Table 2.—Incidence of Atelectasis 
in Relation to Pulmonary Function 
(FEV, and FEV,/FVC) 


% With 
Severe 
Atelectasis 


No. of 
Patients 


Pulmonary 
Function Test 
FEV,* 
<2 SD from 
expected 
>2 SD from 
expected 
FEV, /FVCt 
70% to 100% 
<70% 


22 


92 
me: 36 
* x?= 6.1, df = 2, P<.05. 
tx? = 2.6, df= 2, P <1. 


Table 3. identification of Patients Who Developed Severe Auscultatory 


m 


E e Evidence of Atelectasis With Pulmonary Function Tests 


$- 3 gn and Preah tigory Symptoms* 


Criteria of =- No.of 
Respiratory 
Disease í 


"E SOs ion. | 
_ the mean or FEVI/EVC RRE- 
below | yy CN 


H 5 Chest colds once 


= Ər more each year 


fz ia moderate to 


«severe bronchitis — 


C. Combine criteria of - 
A and B above 


Patients 
Identified +8 


No. of Patients No. of Patients 
Identified Who Not Identified Who 
Developed Severe Developed Severe 
Atelectasis Atelectasis 


a: * Thirtytwo of 128 patients s developed severe atelectasis. 


? a z 


“a, 


Table 4. E EAA of Sactetions Aspirated Through Endotracheal Tube 
in Relation to History of Bronchitis and Incidence of Atelectasis 


: quanti of 
Aspirated 


Abundant 


* x? = 3300, df = 4, P<.01. 
t x?= 34.6, df = 4, P <.01. 


Patients Having Endotracheal Aspirates 


°% With Moderate 
to Severe Bronchitis* 


% With Severe 
Atelectasist 


Table 5.—Maximum Temperature and Fractional WBC Elevation on 
First Postoperative Day in Relation to Degree of Atelectasis 


4 No. of 
_ Patients: 


Degree of 

Atelectasis 
Slight 
Severe 


* x? = 10.0, df = 2, P <.01. 
t= 6.4, df= 2, P<.05. 
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TAMAS 
IDRAR 


% With Temper- 
ature Elevation 
above 38 C* 


% With a 50% 
or Greater In- 
crease in WBC7T 


847 








Table 6.—Incidence of Atelectasis* According to Results 
of Endotracheal Aspirate Cultures 


No. of 
Patients 


Aspirate 
Culture 


No growth 


NTF 24 
Pathogenst 10 


Total 120 
x? = 6.2, df = 6, P>.1. 


% With Slight 
Atelectasis 


% With Severe 
Atelectasis 





* Patients with preoperative evidence of atelectasis omitted. 
t One patient with aspiration pneumonia omitted from this row. 


Table 7.—Incidence of Atelectasis* in Relation to Duration of Surgery 


No. of 
Patients 


Duration 
of Surgery 
<2 hours 


>2 hours 


% With Slight 
Atelectasis 


% With Severe 
Atelectasis 


18 





* Six patients with preoperatve evidence of atelectasis omitted from table. 
Atelectasis after less than two hours of surgery compared with that after more than four 


hours of surgery x? = 7.38, df = 2, P <.05. 


70% (Table 3). Therefore, more pa- 
tients who developed severe atelec- 
tasis were identified by combining 
the criteria of respiratory disease. In 
this same group of patients, 14 who 
developed atelectasis were also iden- 
tified by considering those who had 
either frequent chest colds or a his- 
tory of chronic bronchitis (Table 3). 
According to these results, respira- 
tory symptoms compared favorably 
with the pulmonary function test re- 
sults in identifying patients who de- 
veloped atelectasis. An even higher 
number of patients, 17, who devel- 
oped atelectasis were identified by 
considering both respiratory symp- 
toms and pulmonary function tests 
(Table 3). | 
At the time of obtaining the en- 
dotracheal aspirate, the amount of se- 
cretions aspirated was estimated as 
slight, moderate, or large. A good cor- 
relation was found between the quan- 
tity of secretions and the history of 
bronchitis as well as the incidence of 
postoperative atelectasis (Table 4). Of 
the 83 patients with a slightly produc- 
tive aspirate, three or 3.6% had mod- 
erate to severe bronchitis and 15 or 
18% developed severe atelectasis. Of 
the nine with abundant secretions, 
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six or 67% had moderate to severe 
bronchitis and eight or 89% had se- 
vere atelectasis. 

Fever in the early postoperative pe- 
riod is a well-known sign of atelec- 
tasis. The highest temperature 
recorded on the first postoperative 
day correlated well with the ausculta- 
tory evidence for atelectasis (Table 
5). Patients with potentia’ causes for 
fever such as intra-abdominal or 
wound infection, wound hematoma, 
phlebitis, metastatic cancer, etc, were 
excluded. The increase in WBC on the 
first postoperative day, however, 
showed an inverse relation to the se- 
verity of atelectasis (Table 5). That is, 
patients with less auscultatory evi- 
dence for atelectasis had a higher 
WBC than those with more severe 
atelectasis. This relation was true 
when the WBC postoperatively was 
expressed either as a fractional or ab- 
solute increase from the preoperative 
WBC. No significant correlation could 
be demonstrated between tempera- 
ture and WBC elevation. 

Pathogenic bacteria were isolated 
from 13 of 125 endotracheal aspirates 
that were performed. Although a 
good correlation has been demon- 
strated between the isclation of path- 


-ogens from the aspirate and the inci- 


dence of postoperative pulmonary 
infection,’ no significant correlation 
could be found between the presence 
of pathogens or NTF and the severity 
of atelectasis as determined by aus- 
cultation (Table 6). Patients with any 
evidence of atelectasis preoperatively 
were excluded from the analysis. No 
correlation existed between the tem- 
perature or WBC elevation on the 
first postoperative day and the results 
of the endotracheal aspirate cultures. 
Blood samples drawn for culture in 
eight patients with atelectasis and 
temperature elevations above 38.5 C 
were negative. Nitroblue tetrazolium 
tests were performed on peripheral 
blood samples in these eight patients 
and less than 10% of the neutrophils 
in each case spontaneously reduced 
NBT. This finding can be considered 
evidence against a bacterial infec- 
tion. Interestingly, one patient who 
underwent lysis of adhesions, causing 
a small bowel obstruction, had a feb- 
rile course shortly after surgery, with 
temperatures up to 39.5 C. Initially, 
the fever was thought to be related to 
atelectasis, but the chest was clear on 
auscultation and x-ray film. The NBT 
test was strongly positive (90% stain- 
ing of neutrophils) and Gram-nega- 
tive rods were cultured from the 
blood. She responded to the appropri- 
ate treatment for Gram-negative 
septicemia. | 

A correlation existed between the 
duration of anesthesia or surgery and 
the degree of atelectasis. This corre- 
lation was statistically significant, if 
those with less than two hours of an- 
esthesia were compared with those 
with greater than four hours (Table 
7). Of the 54 patients with anesthesia 
time below two hours, 19% had severe 
atelectasis, whereas 50% of the 18 
with anesthesia time greater than 
four hours had this degree of atelec- 
tasis. Of the 151 patients, 107 re- 
ceived the combination of nitrous 
oxide, narcotic, and muscle relaxant, 
and 32 received halothane anesthesia 
endotracheally. No difference in ate- 
lectasis was noted between these two 
groups. Among those receiving the 
former form of anesthesia there was 
no correlation between the total 
amount of narcotic or tubocurarine 
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and the inedence of atelectasis. This 
was true when either the total dose or 
the dose per unit weight was used in 
the analysis. 

Comment 


Ausciltatery evidence of atelec- 
tasis ir patients undergoing abdomi- 
nal precedur2s hes been shown by 
Shibuteni etal" to correlate well with 
the degree cf atelectasis Cetermined 
by arterial libcd gas measurements. 
Auscultation revea.ed atelectasis ear- 
lier anc more-eensistently than chest 
x-ray ms. However, in patients un- 
dergoing thoracic eperations, auscul- 
tation dd not eerrdate well with the 
results from a>terial blood gas deter- 
mination of a-e ectasis. Hamilton et 
al’ did not find < good correlation be- 
tween clmical signs and hypoxemia in 
patients who 22d eperations in the 
upper part of tne abdomen. However, 
only the datient’s chart was used as a 
source for ælinical observations. 
Shibutami et a™ have emphasized that 
the same obse-ver must repeatedly 
examine he patient n order to detect 
atelectass. The chest should be aus- 
cultated, f pessible, while the patient 
is breathing deeply in the sitting po- 
sition. Shibwiami et al’ noted that 


-~ rales would often precede decreased 


breath sounds ever areas of atelec- 
tasis. In tais stucir, it was nozed that 
areas with decreased er absen= breath 
_ sounds weuld develop fine or coarse 
_ tales on tae thimd to fifth postopera- 
tive day, with reso ution of the atelec- 
tasis. Altaough results of arterial 
blood gas detemminations may, in 
general, be mor= sens tive incicators 
of atelectasis, dim cal findings must 
also be considered. Latimer et al‘ de- 
scribed some patients with severe 
clinical signs ef acelectasis without 
significant 1ypoxemia. 

Atelectasis has been described 
pathologically as collapsed alveolar 
spaces.'* Many theories have been ad- 
vanced to »xplaim the pathophysio- 
logical devebpmert, leading to alveo- 
lar collapse, ineludirg inflammetion,’ 
` reflex phememenoa,*® emboli,’ hypo- 
ventilation,’ cong=stiom,® anc de- 
crease in sutactam.'' Alveoli collapse 
under normal breaching conditions 
but are reexpanded as a -esult of deep 
inspirations er sigir g." Espeeially 
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after abdominal surgery, pain, anal- — 


gesics, dressings, and binders inter- 
fere with the normal breathing pat- 


tern and permit the establishment of — 


ateleetasis.'’° The ratio of abdominal 
to thoracic excursions, which is nor- 
mally 2:1, becomes inverted after ab- 
dominal surgery.” Postoperative pul- 
monary function tests have shown a 
reduction in FVC, FEV,, tidal vol- 
ume, and functional residual capac- 
ity.: The impairment in postop- 
erative pulmonary function has been 
shown to be mainly restrictive rather 
than dbstructive.*?* 

The temperature elevation associ- 
ated with atelectasis is commonly 
ascribed to infection.*’ In an ex- 
perimental study, Lansing and 
Jamieson’? produced atelectasis in 
dogs by occluding a main bronchus 
with a sterile cotton plug. At the time 
of insertion of the plug, pharyngeal 
bacterial were cultured from the 
lower respiratory tract of every ani- 
mal. The dogs became febrile and a 
mucopurulent exudate developed dis- 
tal to the occlusion. The febrile re- 
sponse could be greatly reduced by 
administering antibiotics. This find- 
ing indicated that an infection was 
responsible for the fever. In another 
study, Shields’ produced atelectasis in 
dogs by performing a thoracotomy 
and ligating a bronchus. Only if bac- 
teria were introduced into the bron- 
chial tree distal to the occlusion would 
the dogs develop signs of fever and 
pulmonary infection. Both of these 
studies indicate that bacteria must be 
present distal to the obstruction in or- 
der to produce signs of infection in 
association with atelectasis. If the 
Same proeess occurs in humans, the 
early onset of fever in some patients 
with atelectasis would indicate that 
bacteria were already present in the 
lower respiratory tract at the time of 
surgery. However, no correlation 
could be demonstrated in this study 
between the presence of pathogenic 
or nonpathogenic bacteria in the 
lower respiratory tract and the inci- 
dence of atelectasis as determined by 
auscultation or temperature eleva- 
tion. The negative blood cultures and 
results of NBT tests in the eight pa- 
tients with atelectasis and tempera- 
ture elevations above 38.5 C are fur- 





ther evidence against infection. The ` 
rapidity with which the signs of ate- 
lectasis can resolve without anti- 
biotics also argues against an infec- 
tious process.° 

Chronic bronchitis is an important 
predisposing factor to postoperative 
atelectasis. This study supports the 
idea that the secretions associated 
with bronchitis may cause obstruction 
of terminal bronchioles and produce 
atelectasis. A productive endotra- 
cheal aspirate was associated with 
bronchitis and postoperative atelec- 
tasis. Perhaps the secretions alone, 
without bacterial contamination, can 
excite a febrile response. Alveolar 
macrophages from rabbits can be ac- 
tivated and have been shown to pro- 
duce abundant endogenous pyrogen.”° 
Activators besides infection have 
been shown to induce endogenous 
pyrogen secretion.”-*? : 

In this study, the history of bron- 
chitis and frequency of chest colds 
compared favorably with the results 
of pulmonary function tests in their 
ability to predict patients who would 
develop severe atelectasis (Table 3). 
This finding agrees with the study by 
Bethune et al, which indicated that 
the utility of the spirogram was lim- 
ited and that information could be 
more easily obtained by history tak- 
ing. Diament and Palmer,” however, 
have recommended routine preopera- 
tive pulmonary function tests, be- 
cause more patients had abnormal re- 
sults from pulmonary function tests 
than would be expected from their 
history of chronic productive cough. 
The ultimate value of any preopera- 
tive measure of pulmonary function 
is its ability to predict patients at risk 
of developing pulmonary complica- 
tions. The study of Diament and 
Palmer” did not compare the history 
of chronic productive cough with find- 
ings from pulmonary function tests 
in terms of postoperative pulmonary 
complications. 

The ability of preoperative pulmo- 
nary evaluation to identify patients 
at risk of developing pulmonary com- 
plications is limited by the influence 
of other factors such as age, weight, 
general health, duration of anesthe- 
sia, and type of operation. In this 
study, a higher incidence of severe 
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" atelectasis was associated with 
greater duration of surgery, but not 
with advanced age or obesity. Dripps 
and Deming’ found a higher inci- 
dence of pulmonary complications 
with advancing age and with dura- 
tion of anesthesia greater than four 
hours. Latimer et al‘ found atelectasis 


associated with obesity and longer 


operations, but not with advanced 
age. Operations in the upper part of 
the abdomen are associated with a 
higher incidence of atelectasis.**"* In 
this study, patients undergoing oper- 
ations in this area (eg, cholecystec- 
tomies, gastric resections, and sple- 
nectomies), as compared with others 
having abdominal surgery, did not 
have a significantly higher incidence 
of atelectasis. The lowest incidence 
(2.5%) of severe auscultatory evidence 
was found among the 40 patients who 
underwent cholecystectomies. 


Conclusions 


1. A careful respiratory history 
with emphasis on symptoms of bron- 
chitis and frequency of chest colds 
can be as helpful as routine screening 
pulmonary function tests in identi- 
fying patients at risk of developing 
postoperative pulmonary complica- 
tions. 

2. In this study, the incidence of 
atelectasis correlated with the dura- 
tion of surgery, but not with age or 
obesity of the patient. . 

3. The auscultatory evidence for 
atelectasis was directly related to 
temperature elevation and chest x- 
ray findings, but inversely related to 
WBC elevation. | 

4. The severity of atelectasis did 
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not correlate with the presence of 
pathogenic or nonpathogenic bacteria 
in the lower respiratory tract at the 
time of surgery. 

5. The severity of chronic bron- 
chitis as well as the incidence of ate- 
lectasis correlated with an escimate 
of the quantity of secretions aspi- 
rated from the lower resp-ratory 
tract at the time of surgery. 
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Carbon Monoxide Toxicity 


in Human Fire Victims 


Harvey A. Zeren, MD, Los Angeles; Christen C. Ratienborg, MD, Chicago; Merel H. Harmel, MD, Durham, NC 


Arterial blood cases and carbom monoxide 
hemoglobin araiyses were done on 13 pa- 
tients admittec tc the Lniversity of Chicago 
Hospitals and “lirics emergency room after 
exposure to smoke or fire (house fires). Sig- 
nificant levels ef carben monoxide hemoglo- 
bin in each of the 13 patients explained in 
retrospect the signs and symptoms of car- 
bon monoxide pe soning (headache, weak- 
ness, confusior, aad reckless behavior) that 
were present ir each »atient to varying de- 
grees. The study suggests that the sur- 
prisingly high incidence ef carbon monoxide 
hemoglebin in aeuse-jire victims and fire- 
men warrants ocyeen ~herapy at tne site of 
the fire when feasioie. 


Nince earboa monoxide is taste- 
less and monicritating to the 
mucous memoerenes, it is inhaled 
without the awareness of the victim. 
The ubiquitous nature of carbon mon- 
oxide is of great zon zern because it is 
a gas that can be etka. if the inspired 
air contains as little as 0.1 vol %. It is 
present in automc bile exhaust, in coal 
gas, in water gas “illuminating gas in 
many cities), ime+haus: from heating 
stoves and furmaces wth inadequate 
draft, in smoke f-or burning build- 
ings, and in coal mine fires. While it 
has been known sor scme time that 
persons exposed tc fire were also sub- 
ject to carbon moroxile poisoning, it 
is not usually aporeciated that signif- 
icant blood levels.af cerdon monoxide 
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occur in many individuals who sur- 
vive exposure to fire. 

The availability of a ready means 
for autematic analysis of carbon mon- 
oxide in the blood has made it pos- 
sible te determine carbon monoxide 
levels in patients exposed to fire or 
smoke. 


Materials and Methods 


Thirteen patients ranging in age from 
16 to 64 years were seen in the emergency 
room of the University of Chicago Hospi- 
tals and Clinics 15 to 60 minutes after ex- 
posure to fire or smoke. The exact duration 
of exposure was known in cases of two 

emen only. All patients except one were 
awake but confused when first seen in the 
emergency room. Arterial blood was drawn 
and analyzed for percent carbon monoxide 
hemoglobia (% COHb), arterial oxygen sat- 
uration (%Sao,), hemoglobin (hgb, gm/100 
ml), pH, end partial pressure of carbon 
dioxide (Peo,) and oxygen (Po,). The base 
excess for each patient was calculated 
from the Pco,, pH, and hematocrit read- 
ing’ (Table). Nine of the 13 patients were 
treated immediately with oxygen by mask 
at a flow of 10 liters/min. In five patients, 
determinations of carbon monoxide hemo- 
globin levels were made over a peried of 
22 hours during which oxygen by mask 
was continuously administered (Fig T). 

Twelve patients survived without appar- 
ent sequelae of the carbon monoxide. One 
patient arrived in the emergency room 
comatose with second- and third-degree 
burns of 30% of her body surface. During 
her hospitalization, she exhibited symp- 
toms of cerebral anoxia and required arti- 
ficial ventilation for the entire period. The 
patient never regained consciousness and 
died after three days of hospitalization. All 
of the other victims reported headache, 
dizziness, and confusion at the time of the 
fire or smoke exposure and for varying pe- 
riods up to several hours after admission. 
Seven of the 12 surviving patients coughed 
up soot and had localized or generalized 


wheezing for a period of three to five days 
after hospitalization. 
The percent of carbon monoxide ranged 


from 8% to 40% in the 13 patients studied © 


(Table). Paradoxically, the oxygen satura- 
tion was low in the face of a high partial 
pressure of oxygen in the arterial blood. 
The partial pressure of carbon dioxide was 
uniformly low. As expected, the sum of the 
percent of carbon monoxide hemoglobin 
and of the arterial oxygen saturation 
(% COHb and % Sao.) approximates unity. 


Comment 


In 1895, Haldane? at Oxford Uni- 
versity demonstrated that the detri- 
mental effect of carbon monoxide in 
the inhaled air is a function of anoxia. 
He subjected mice to 2 atmospheres 
of oxygen while all of their hemoglo- 
bin was in the form of carbon monox- 
ide hemoglobin. All of the mice 
breathing 2 atm of oxygen survived, 
and he accurately concluded that car- 
bon monoxide per se is not toxic. Kil- 
lick* subsequently demonstrated that 
the affinity of hemoglobin for carbon 
monoxide is 210 times greater than 
its affinity for oxygen. Not only does 
the carbon monoxide successfully 
compete with oxygen for hemoglobin, 
but the presence of carbon monoxide 
hemoglobin impedes the dissociation 
of oxygen from hemoglobin‘ (Fig 2). 

The oxygen-carrying capacity of 
the blood is limited to the hemoglobin 
not bound by carbon monoxide. The 
pathophysiology of carbon monoxide 
toxicity is often compared to an 
equivalent degree of anemia. For ex- 
ample, an anemic patient with a he- 
moglobin of 7.5 gm/100 ml (normal, 
15 gm/100 ml) has a reduced oxygen- 
carrying capacity of approximately 
50% of normal by virtue of the hemo- 
globin in the blood being 50% of nor- 
mal. Recent evidence has indicated a 
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* %COHb Fig 1.—Semilogarithmic chart of serial carbon monoxide hemo- 


60 globin determinations in five patients breathing oxygen by mask. 
Initial determination was at time of admission to emergency room 
and second determination was 1% to 2 hours later. 


Å 40 Fig 2.—Oxygen-hemoglobin dissociation curves in the presence of 
p 35 varying amounts of carbon monoxide hemozlobin. (From Haldane 
and Priestley‘) 
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significantly increased oxygen dis- 
sociation curve for the anemic patient 
compared to the normal person.’ In 
carbon monoxide toxicity in which 
50% of the hemoglobin is bound to 
carbon monoxide, the remaining he- 
moglobin available for oxygen trans- 
port and delivery to the tissues is less 
effective than in the anemic patient 


presence of carbon monoxide hemo- 
globin.* 

The signs and symptoms of carbon 
monoxide poisoning have been rē- 
ported by Sayers and Davenport’ in 
1930, Killick, and Sluijter.’ The 
earliest symptoms are slight head- 
ache with muscular weakness, palpi- 
tations, dizziness, and mental con- 


toms progress to collapse and coma 
when the carbon monoxide hemoglo- 
bin level exceeds 40%. In 1950, Ap- 
throp et al‘ demonstrated that, in 
man, elevation of carbon monoxide 
hemoglobin to levels of 30 to 50 vol% 
caused no change in respirations al- 
though he did observe a significant 


tachycardia. Our patients, victims of 
fire or smoke with clinical tracheo- 
bronchitis, did show hyperventilation, 


fusion. Excitement and_ reckless 
behavior may follow. These symp- 


because the dissociation of oxygen 
from hemoglobin is impeded by the 





Arterial Blood Gas Determinations on Admission to Emergency Room 


—_————————ee—e—ee———— eee ee ee eee a 


Patient Hgb, Poz, Pcoz, Excess, O2 by Mask 
No. Age, yr Sex %COHb* % Sao gm/100mi pH mm Hg mm Hg  mEq/Liter 10 Liters 
Smoke 
; 1 64 F 21 81.0 14.0 7.46 98 24 -7 — 
2 34 - F 40 65.0 11.4 7.34 171 19 —8 + 
3 16 M 33 71.0 14.0 7.45 200 22 —8 Šv 
4 28 M 34 70.0 14.4 7.37 220 32 —6 oH 
5 24 F 24 79.0 12.4 7.43 270 28 +5 + 
6 35 M 14 wns oi 7.37 127 27 —9 + 
7 63 F 8 94.0 9.7 7.56 60 30 +4 = 
8 eat F 9 T: = 4.49 125 34 +2 E u 
Fire and Smok ` 
9 38 M 36 ER 1E 7.49 125 28 =2 $ 
10 32 M 33 TO x ay 7.40 83 35 2 r 
11 39 M 28 60.6 16.4 7.40 125 28 nT A i 
Be 16 M 15 ee ais 7.48 85 20 =15 — 
pS ae AA. F 35 74.0 15.0 7.43 SE 30 —5 + 


* Abbreviations: %COHb indicates percent carbon monoxide hemoglobin; % Saoz, arterial oxygen saturation; Hgb, hemoglobin; Poz, partial 
pressure of oxygen; Pcoz, partial pressure of carbon dioxide; and mEq, milliequivalents. 


852 Arch Surg/Vol 107, Dee 1973 Carbon Menoxide Toxicity/Zarem et al 


a finding substantiated by Kamei’ 
who demonstrated -zhat cardon mon- 
oxide in the dresence of irritating 
gases may s-imalate respirations. 
The carotid chemoreceptors are not 
stimulated by tae anoxia in carbon 
monoxide pois ng since the arterial 
partial pressure of oxygen is nor- 
mal,” an observation confirmed in our 
series (Table). : 

Since the time ef exposure to car- 
bon monoxide znd the concentrations 
of carbon monoxide hemoglobin evi- 
air are not kmown in the cases re- 
ported, we do not kave measurements 


of the original comcentration of car- 


` bon monoxide hemoglobin im the pa- 
tients’ blood. F gure 3 illustrates the 


exponential delire in the percent 


of carbon menexice hemoglobin evi- 


denced by four serial determinations _ 


(case 3, Table) vom the slopes in Fig 
1, we can speeLlate that only one of 


our patients aðta:ned an original car- — 


bon monoxide hemoglobin ecncentra- 


tion of 50%, Wi-hoat oxygen therapy, | 
four hours are required to eliminate 


as much as 50S o? -he carbor monox- 
ide hemoglobin n the blood when res- 


pirations are aot depressed '; treat- 


ment with oxygen will reduce the 
concentrations o* carbon monoxide 
hemoglobin by 5J% within 40 min- 
utes. The treatmen: ef choice for car- 
bon monoxide intoxization is clearly 
the administration of oxygen. In se- 
vere cases, the use of a hyperbaric 
chamber seems appropriate. 
Some authors have advocated 
treatment witk oxygen and 5% CO.." 


The steepest slope for elimination of 


carbon monexiie hemoglodin oc- 
curred in case 2 who entered with an 
initial carbon monoxide hemoglobin 
level of 40% amc wac had the lowest 


Pco, of 19 mm Hg ‘Table anc Fig 1). 


Since hypervent laton was a consist- 


ent finding in victims of smoke and 


fire, the addition of 5% CO. to the 
oxygen therapy seems superfiuous. 
Of major comcern in the consid- 
eration of carom monoxide is the in- 
sidious onset of symptoms and the 
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Fig 3.—Semilogarithmic chart illustrating 
exponential decline of blood carbon monox- 
ide hemoglobin level in one patient breath- 


ing oxygen by mask. E 


lack of awareness on the part of the 


victim. In addition, physical exertion 


in the face of the decreased oxygen- 


delivering capacity of the blood ex- 
acerbates the effects of carbon mon- 
oxide and increases the uptake of 
carbon monoxide. This observation 
is of particular concern to fire fight- 
CEM CRO Bean 6 Se 

On determining the carbon monox- 
ide hemoglobin levels in a small group 


of burn or smoke victims, we have 
been impressed with the high levels 


of carbon monoxide hemoglobin in 
otherwise unsuspected patients. In 
retrospect, the degree of confusion 
and the extent of the clinical symp- 


_ toms were more prominent than orig- 


inally appreciated by the victims or 


tion. New Haven, Yale University 


by the treating physicians. These : 
findings are of great significance to 


fire fighters in whom the loss of 


judgment and the confusion accom- 
panying carbon monoxide inhalation 
may cause inappropriate acts. Since 
the significant levels of carbon mon- 
oxide hemoglobin were found in un- 
suspected patients, it seems advisable 
to treat all burn and smoke victims 
immediately with oxygen therapy at 
the site of the fire when feasible. 
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Severe Sepsis From Enterobacter 


Paul B. Iannini, MD; Sam F. Hull, MD; Richard Quintiliani, MD, Hartford; Conn 


Despite the increased frequency of noso- 
comial infections due to Gram-negative bac- 
teria, publications of infection from Entero- 
bacter species are rare. Two serious 
illnesses were produced by this group of or- 
ganisms; one involved a patient with endo- 
carditis from E aerogenes, while the other 
was a case of suppurative arthritis and os- 
teomyelitis from E cloacae. It is possible 
that the entry of infection that affected the 
prosthetic aortic valve in the first patient 
was via an intravenous catheter; in the sec- 
ond, a patient with acute granulocytic leuke- 
mia, via platelet-rich transfusion. 


T recent years, there has been 
an increasing frequency of Gram- 
negative bacterial infections in hospi- 
talized patients.: This phenomenon 
appears related to the greater num- 
ber of patients with impaired host 
defenses secondary to the use of 
multiple antibiotics, corticosteroids, 
immunosuppressive agents, and ra- 
diotherapy. In addition, surgical pro- 
cedures in which foreign bodies such 
as prosthetic valves or grafts are in- 
serted seem to create a nidus on 
which less virulent organisms can be- 
come sufficiently established to pro- 
duce infection.” Indwelling urethral 
catheters, venous catheters, endotra- 
cheal tubes, peritoneal dialysis appa- 
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ratus, and mechanical ventilators 
often serve as portals of entry for 
Gram-negative organisms. 

As a result, knowledge of the types 
of infection produced by Gram-nega- 
tive organisms has become more im- 
portant. Information as to the types 
of diseases produced by the Gram- 
negative bacteria belonging to the 
genus Enterobacter is very limited. In 
order to fill some of this gap, we re- 
port two cases of serious disease from 
Enterobacter species, of which one in- 
volves a patient with an endocarditis, 
while the other is a patient with sup- 
purative arthritis and osteomyelitis. 


Report of Cases 


CasE 1.—A 32-year-old woman with se- 
vere aortic and mitral valvular insuff- 
ciency from rheumatic heart disease was 
admitted to Hartford Hospital for cardiac 
surgery. 

The patient underwent open cardiotomy 
with cardiopulmonary bypass and a pump 
oxygenator. The aortic valve was replaced 
with a Starr-Edwards prosthesis, and a mi- 
tral annuloplasty was performed. Oxacillin 
sodium and streptomycin sulfate were 
given preoperatively and posteperatively. 
On the 13th postoperative day, the rectal 
temperature rose to 39.4 C (103.0 F). En- 
terobacter aerogenes grew from blood cul- 
tures and the organisms were sensitive to 
chloramphenicol and colistin suifate, which 
were given for 13 days in daily dosages of 
2 gm and 200 mg, respectively. Within 24 
hours, the patient became afebrile. Since 
numerous cultures of blood during the fol- 
lowing two weeks were sterile, and since 


the patient’s temperature remained nor- 
mal, she was discharged on the 35th hospi- 
tal day. 

Two weeks following discharge, the pa- 
tient suddenly developed shaking chills 
and a rectal temperature of 39.4 C. Al- 
though there was no obvious source for the 
fever on physical examination, Æ aero- 
genes again grew from blood cultures and 
the organisms were sensitive only to colis- 
tin. Urine culture was sterile. Colistin 
treatment was started in a dosage of 100 
mg/day on the fifth hospital day as ther- 
apy for a presumed endocarditis of the 
prosthetic heart valve. 

Because of a persistent low-grade fever 
and the known difficulty in the eradication 
of infection on a prosthetic heart valve by 
antibiotics alone, the patient underwent 
open cardiotomy for removal of the ball 
valve prothesis. The aortic prothesis and 
annuloplasty suture material were re- 
moved and replaced with a Starr-Edwards 
valve. At surgery, numerous bulky vegeta- 
tions were found to be adherent to the aor- 
tic valve prothesis and the suture material 
from the mitral annuloplasty. Enterobac- 
ter aerogenes, again grew from cultures of 
these vegetations and the patient contin- 
ued with colistin therapy. The same orga- 
nisms grew from blood cultures that were 
taken on the 9th, 11th, and 12th postopera- 
tive days, when the patient was febrile. On 
the 13th postoperative day, the patient 
died following the abrupt onset of severe 
anterior and right-sided chest pain, cyano- 
sis, and hypotension. Autopsy findings re- 
vealed bulky vegetations covering the aor- 
tic valve prosthesis and suture lines. 
Enterobacter aerogenes once again grew 
from cultures of these vegetations. 

CASE 2.—A 47-year-old white woman was 


Severe Sepsis/Iannini et al 


F Mita +i «4, = TFT F py 
B d į [j 









PAARE E TONU i na 
j f r r p ) J 3 H 4 t x i M 7 
A , bodili JE i & 
Y b ‘pa á i i | 


‘$ 


admitted te Eartford Hospi-al for recur- 
rent anemiz, lev xapenia, and menorrhagia. 

On physieal 2=ammation the patient ap- 
peared pale amc cackectic. The blood pres- 
sure was 120-72 mm Hg; pulse rate, 96 
beats per mim; and the oral tempera- 
ture, 36.8 © (853.4 F} The heart and lungs 
were normal by auscultation and percus- 
sion. The splean tip was palpable. Heavy 
bleeding was neted from an irregularly en- 
larged uterus. 

The hemateari: reading was 26% and 
white blood eell (VB) count 1,300/cu mm 
with 10% myelicbiasts. The blcod urea ni- 
trogen and glueese levels wer2 13 and 98 
mg/100 ml, resp=ctively. Microscopic study 
of a bone marre asperation revealed find- 
ings consisteat wth a diagnosis of acute 
granulocytic eux=mia 

Therapy for dhe leakemia was started 
with cytarabiae and &thioguanine. Owing 
to persistent bleeding during the initial 29 
days of hospitalizatien, the patient re- 
ceived 24 units cf bufty-coat-poor, packed 
red blood cellssarai 68 mits of p.atelet-rich 
plasma. 

On the 29th hesvita day, shertly after 
receiving a unit =f peatelet-rich plasma, 
the patient abrurtiy developed both a rec- 
tal temperature 3€ 400 C (1040 F) and 
hypotension. Æ presumptive diegnosis of 
septic shock was made, and the patient 
was given a combimation of isoproterenol 
hydrochloride, sortseosteroids, gentamicin, 
and carbenicillin. Within 24 hours, the pa- 
tient was afebrile =nd the blood pressure 
returned to norma Enterobacter cloacae 
grew =rom a bleod calture, taken when the 
patient was hypertensive and the orga- 
nisms were sensit~= to gentamicin, kana- 
mycin. polymixm B sulfate, streptomycin, 
chloramphenicol <nd carbenicillin. Gen- 
tamicin in a dosage =f 60 mg adm nistered 
intramuscularly e-ery 2ight hoars was 
continued as the sale medication. 


On the 34th reapital day, the patient 
again developed fewer of obscure origin, 
but the blood pressure remained normal. 
Therapy with gemtær cin was disccntinued 
to exclude a possiile drag fever. but E 
cloacae grew from izee Hlood cultures ob- 
tained at the time cf tne second fever 
spike, with a similer antibiotic susceptibil- 
ity pattern. The pa ient was agaim given 
gentamicin therasy iz a dosage of 80 mg 
administered intramuscularly every eight 
hours. 

On the 44th hesw tal day, the patient 
complained of pzin im both knees and 
shoulders associated with movemert. The 
next day a large le knee effusicn and 
smaller right kre= 2ffusion appeared. 
Roentgenograms əf these areas demon- 
strated soft tissue =wellixg, but ro de- 
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structive bone lesions. Analysis of the syn- 
ovial fluid revealed a glucose level of 91 
mg/ml and 16,000 white blood cells per cu- 
bic millimeter with 100% neutrophiles. It 
showed no bacteria on Gram stain, but Æ 
cloacae grew from cultures with the same 
antibietic sensitivity pattern. Since this 
septic arthritis occurred while the patient 
was receiving gentamicin therapy, treat- 
ment with carbenicillin, 20 gm/day (5 gm 
administered intravenously every six 
hours) and probenecid (500 mg adminis- 
tered erally every 12 hours) was added. 
Nevertheless, after ten days with the pa- 
tient taking these drugs, Æ cloacae could 
still be recovered from the cultures of the 
joint fluid. This joint fluid had a pH 8.1 and 
a complement level of 87 mg/deciliter. X- 
ray films showed mottled lucencies in both 
distal femurs and both proximal humeri 
consistent with an osteomyelitis, leukemic 
infiltrates, or both. A Craig needle biopsy 
of the left femur, performed on the 55th 
hospital day, showed acute and chronic in- 
flammation consistent with osteomyelitis 
without any evidence of leukemic infil- 
trate. Enterobacter cloacae also grew from 
the biopsy specimen. At this time, the 
blood hematocrit reading was 34%, WBC, 
8,300/cu mm, with 38% neutrophils, and 
another bone marrow aspiration showed 
remission of the leukemia. 

Five milligrams of gentamicin was in- 
stilled into both knee joints for five days 
and chloramphenicol, 1 gm given intrave- 
nously every six hours, was added to the 
therapy. Three weeks after the introduc- 
tion of the chloramphenicol and the intra- 
articularly given gentamicin therapy, the 
fluid in the knee joints became sterile. The 
patient was discharged 80 days after ad- 
mission with instructions to continue 
treatment with chloramphenicol for an ad- 
ditional two weeks. 

Four weeks after discharge, when the 
patient returned for consolidation therapy 
of her leukemia, another culture of the left 
knee fluid was sterile, and x-ray films 
showed signs of a healing osteomyelitis. 


Comment 


Enterobacter is now classified with 
the Klebsiella-Enterobacter-Serratia 
division and is found naturally in wa- 
ter, soil, and certain foods.* With con- 
tinuing improvement in bacteriologic 
techniques and the increase in preva- 
lence of hespital-acquired Gram-neg- 
ative bacilli, Enterobacter strains 
have been isolated from clinical speci- 
mens with greater frequency. 

Evaluatien of the clinical charac- 
teristics of Enterobacter has been dif- 


ficult for two reasons. One is the con- £ 


fusion in the literature created by the 
change in terminology from the 
genus Aerobacter to the genus En- 
terobacter. The other is the fact that 
few authors have differentiated spe- 
cies of Enterobacter.* There are publi- 
cations®® with claims of Enterobacter 
species producing pneumonia, but 
these reports are difficult to interpret 
since the authors have provided in- 
sufficient information to separate 
colonization from actual infection of 
the respiratory tract. Enterobacter 
species, especially Æ aerogenes, have 
also not infrequently been found in 
association with urinary tract infec- 
tions, usually in patients with under- 
lying debilitating disease or instru- 
mentation of the genital-urinary 
tract.’ Generally speaking, most in- 
fections with Enterobacter are hospi- 
tal-acquired and are associated with 
altered host resistance. 

The most recently publicized in- 
volvement of Enterobacter in clinical 
medicine occurred in 1971 from a na- 
tionwide outbreak of bacteremias as- 
sociated with intrinsic contamination 
of commercial intravenous fluids, 
with the most common organism 
identified being E cloacae." 

Besides the two patients mentioned 
in this communication, during the 
past four years at Hartford Hospital, 
an institution of approximately 1,000 
beds, there have been five additional 
cases of Enterobacter bacteremia. 
Two cases occurred following prosta- 
tectomy for benign prostatic hyper- 
trophy, two instances occurred in pa- 
tients with severe leukopenia, and 
one episode developed in a patient 
with an infected arteriovenous shunt 
used for chronic hemodialysis. 

Case 1 of this communication rep- 
resents the first well-documented 
case of Hnterobacter-caused endocar- 
ditis involving a prosthetic heart 
valve. In fact, review of the literature 
reveals only three previously reported 
cases of probable endocarditis caused 
by Enterobacter. Unfortunately, these 
reports take no notice of the 
change of terminology from Aerobac- 
ter to Enterobacter, and two of these 
cases are mentioned only in tabular 
forms as part of a review article on 
bacterial endocarditis in children. In 
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“the two pediatric cases, one patient 
had acute rheumatic heart disease, 
while the other had a ventricular sep- 
tal defect.’ The third patient was a 
48-year-old heroin addict with in- 
volvement of both the aortic and mi- 
tral valve who died despite therapy 
with kanamycin, gentamicin, and 
chloramphenicol.” 

The mode of entry of the organism 
in case 1 appeared to be the polyeth- 
ylene cannula used for intravenous 
therapy. Bacteremia complicating 
prolonged venous catheterization has 
been noted with increasing fre- 
quency. More careful attention to the 
excessive length of time that the 
catheter was left in place might have 
prevented this catastrophic infection. 
Despite intensive therapy with poly- 
mixin B, and antibiotics to which the 
organism was sensitive, the infection 
could not be eradicated. The failure of 


the patient to respond did not come 


as a surprise, owing to the fact that 
patients with endocarditis on an arti- 


ficial heart valve are rarely cured, 


even with the replacement of the in- 
fected valve by a new one. 
Case 2 of this communication ap- 
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pears to represent the first well-de- 
scribed case of suppurative arthritis 
and osteomyelitis in an adult caused 


by Enterobacter. In a review by Nel- | 


son" of 221 cases of septic arthritis in 
children, there were four patients 
with this type of illness. Wolfson et 


al’ report the recovery of “Aerobac- 


ter aerogenes” from culture taken 
from the tibia of a 3-month-old child 
with chronic granulomatous disease 
and roenzgenographically discernible 
osteomyelitis of this bone.'* There is 
no detailed case report in any of these 
pediatric cases. 

It was difficult to determine in our 
case whether the joint infection or 
the bone infection was the primary 
event. In any case, the pathogenic 
role of this bacteria was well estab- 
lished, for it was recovered not only 
from the synovial fluid but also from 
the bone biopsy specimen taken from 
the left femur. 

It is attractive to implicate the 
platelet-rich plasma as the source for 
the Enterobacter bacteremia in this 
patient for two reasons: First, the pa- 
tient became clinically ill, and this or- 
ganism grew from blood cultures 
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Management of 97 Children 
With Duodenal Obstruction 


Eli R. Wayne, MD, Jchn D. Berrington, MD, FRCS (C), Denver ` 


Of 97 childrem operated on fer duodenal 
obstruction, lesiens extrinsic to the bowel 
lumen were respensibie for symptoms in 64, 
while the remaining 23 children kad intrinsic 
obstruction. Duedene! atresia wes the most 
common of three lesicns causing intrinsic 
obstructicn, while the most frequent causes 
of extrinsic duotenal oostructior were con- 
genital peritonea!ibangis and compression by 
an overlying suzerior mesenteric artery. 
Hematoma, annwEr pancreas, or duplication 
were seen in the-r2meéining children with ex- 
trinsic obstruction. Diagnosis was estab- 
lished preoperatiwely in nearly all cases by 
plain or contrast abdominal roentgen- 
ograms. Nine chil@rer required a second op- 
eration, because te site of obstruction was 
not identified at fhe first procedure. Exten- 
sive duodenal meonilizetion in patients with 
either type of ctstruction facilitates both 
identification of the poiat of obstruction as 
well as corstructic n of bypass anastomosis, 
if necessary. 


} hile the diagnosis of duo- 

denal ebstruetion can be easily 
documented by mentgenographic 
studies, tae exact cause may be diffi- 
cult to demonstrate at operation. 
Thus, duedenal obstruction may not 
be relieved by che initial operative 





Accepted tor publimaticn May 15, 1973. 

From the Divisiow of Pediatrie Surzery, Uni- 
versity of Colorade Mecical Center, and Chil- 
dren’s Hospizal, Deneer. 

Reprint requests t> Chilcren’s Hospital, 1056 
E 19th Ave, Denver 30213 (Dr. Burrington). 


Arch Surg/Vol 1@, Dee 1973 


procedure. Occasionally, the obstruc- 
tion may remain unresolved even af- 
ter a second operation, and the true 
case discovered only at postmortem 
examination. This report outlines a 
unified approach to the various causes 
of duodenal obstruction in infants 
and children. © 


Material 


For the period 1952 to 1971 inclusive, 97 
patients with duodenal obstruction were 


operated on at the University of Colorado 


Medical Center and the Children’s Hospi- 
tal, Denver. All obstructions were classi- 
fied at laparotomy as either extrinsic or in- 
trinsic in origin. Intrinsic obstruction was 
caused by lesions arising within the in- 
testinal lumen, while lesions outside the 
bowel lumen causing obstruction were de- 
fined as extrinsic. No patient had simulta- 
neous extrinsic and intrinsic obstruction, 
and extrinsic obstructions were approxi- 
mately twice as frequent as intrinsic, ac- 
counting for 64 of the 97 cases. 

Intrinsic Duodenal Obstruction.—The dis- 
tribution of the three lesions causing in- 
trinsic duodenal obstruction was as fol- 
lows: atresia, 18; diaphragm, 10; and 
stenosis, 5. Mean age at the onset of symp- 
toms was 1 day, while mean age at surgery 
was 2 days. Symptoms consisted primarily 
of repetitive episodes of bile-stained vom- 
iting, the absence of stool, and distention 
in the upper part of the abdomen. Diag- 
nosis was confirmed by plain roentgen- 
ograms of the abdomen, which showed a 


distended air-filled stomach and duode- 
num, with little or no gas in the remainder 
of the gastrointestinal tract (Fig 1). Con- 
trast studies of the upper gastrointestinal 
tract were usually not done, although a 
barium enema examination was frequent- 
ly carried out to delineate abnormalities of 
colon rotation. 

Duodenal Atresia.—Two thirds of these 
patients were girls. The atresic segment 
was located in the second portion of the 
duodenum near the papilla of Vater in 15 
of the 18 patients, while the remaining 
three infants had atresia of the fourth por- 
tion of the duodenum. One infant had an 
associated ileal atresia, and at least one 
other major congenital anomaly was seen 
in ten of the 18 patients (Table). The high 
incidence of tracheoesophageal fistulas 
associated with duodenal atresia is in 
contrast to an earlier report.' Surgical pro- 
cedures employed included duodenojeju- 
nostomy, duodenoducdenostomy, gastro- 
jejunostomy, and gastrostomy only. Most 
patients had a gastrostomy performed in 
combination with their bypass procedure. 
The mortality in this group was 50% and 
no patient with an associated tracheo- 
esophageal fistula survived. 

Duodenal Diaphragm.—This lesion was 
equally distributed between boys and girls. 
Four patients had other major congenital 
anomalies. Two were mongols, one child 
had a ventricular septal defect, and an- 
other had a patent ductus arteriosus and 
unilateral renal agenesis. The diaphragm 
was found in the second portion of the 
duodenum in seven patients, and in the 
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Fig 1.—Massive dilatation of stomach and 
proximal duodenum. Abdomen is gasless 
distal to point of obstruction in duodenum. 


third portion of the duodenum in the oth- 
ers. The ampulla of Vater was within a 
few millimeters of the diaphragm in most 
cases. Excision of the diaphragm and duo- 
denoplasty were carried out in six patients, 
while three had duodenojejunostomy. The 
lesion was not found at initial surgery in 
three patients. One of these children died 
postoperatively, while the other two re- 
quired a second operation to relieve the ob- 
struction. Both of the latter children even- 
tually recovered. 

Duodenal Stenosis.—All but one of these 
lesions were seen in boys, all were located 
in the periampullary position in the second 
portion of the duodenum, and there were 
no associated anomalies. Four patients had 
duodenojejunostomies. The lesion was not 
identified at the time of surgery in one in- 
fant, who died postoperatively of emesis 
and an episode of aspiration. The post- 
mortem examination revealed the presence 
of duodenal stenosis. The other death in 
this group resulted from postoperative 
electrolyte imbalance. 

Extrinsic Obstruction.—Seventy percent 
of children with this type of obstruction 
were boys, confirming Young’s report of 
male predominance.’ Intermittent vomit- 
ing and poor weight gain were often the 
only complaints. Once suspected, plain and 
contrast abdominal roentgenograms delin- 
eated the site, and usually the cause of ob- 
struction. The 64 cases of extrinsic duode- 
nal obstruction were divided into two 
groups: 39 children had congenital peri- 
toneal bands, while the obstruction in the 
remaining 25 was caused by a group of 
miscellaneous lesions. The sole mortality in 
either group occurred in a child with 
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Fig 2.—Duodenum and stomach are dis- 
tended and there is sharp cutoff o` barium 
in third portion of duodenum just tc right of 
vertebral column. 


duodenal eompression by the superior mes- 
enteric artery. 

Congenital Peritoneal Bands.—Most pa- 
tients with congenital peritonecl bands 
had associated malrotation of either colon 
or duodenum. In colon malrotation, the ce- 
cum was positioned in the upper quadrant 
of the abdomen, and firm fibrous bands ex- 
tended from it across the descending 
duodenum to the right paravertebral gut- 
ter. These bands compressed the duode- 
num at the junction of the descending and 
transverse portions. Seven patienzs had an 
associated midgut volvulus, but aone had 
infarcted bowel. Although the mean age at 
surgery for the entire group of children 
with congenital peritoneal bancs was 1 
month, those with an associated midgut 
volvulus had a mean age at surzery of 6 
days. The congenital peritoneal bands seen 
with an incompletely rotated duocenum oc- 
curred when the duodenojejuna_ junction 
was found to the right of the mesenteric 
vascular pedicle. The duodenum was bound 
posteriorly to the paravertebral fascia by 
dense fibrous bands, which caused obstruc- 
tion in its most distal portion jast to the 
right of the superior mesenteric artery.’ 
Most patients with congenital peritoneal 
bands had prompt resolution of symptoms 
after lysis of the bands and mobilization of 
the invalved duodenal segment. There was 
little postoperative morbidity ard no mor- 
tality. 

Miscellaneous.—The remaining causes of 
extrinsic duodenal obstruction cecurred in 
a markedly older group of children. Mean 
age at surgery for these children was 9 
years, with the youngest 1 day and the old- 
est 16 years of age. The entities that make 


Fig 3.—Note concave filling defect in bar- 
ium-filled duodenum. 


up this group and their frequencies was as 
follows: superior mesenteric artery com- 
pression, 15; duodenal hematoma, 5; an- 
nular pancreas, 3; and duplication, 2. 

Compression by the Superior Mesenteric 
Artery.—Fifteen patients had duodenal ob- 
struction at the point where the superior 
mesenteric artery crosses the duodenum. 
Ten children were under the age of 1 year, 
while the remaining five were teen-agers. 
Symptoms consisted of postprandial vom- 
iting and distention in the upper part of 
the abdomen. X-ray films of the upper gas- 
trointestinal tract showed nearly total oc- 
clusion of the third portion of the duode- 
num (Fig 2). Four children had an initial 
exploration for their symptoms of duode- 
nal obstruction with normal findings. At 
reoperation, however, the point of obstruc- 
tion was identified and duodenojejunos- 
tomies were constructed. The anastomosis 
did not function properly in one child who 
died from an episode of emesis and aspira- 
tion two weeks postoperatively. Simple 
lysis of the ligament of Treitz was carried 
out in four patients, all of whom had been 
vomiting for varying periods after oper- 
ation. The remaining seven patients had a 
recently described duodenal jejunal trans- 
position’ and had no postoperative compli- 
cations. 

Intramural Duodenal Hematoma.—These 
patients, with an average age of 6 years, 
characteristically had persistent vomiting 
and abdominal pain and tenderness one to 
two days after abdominal trauma. X-ray 
films of the upper gastrointestinal tract 
showed a concave filling defect in either 
the second or third portions of the duode- 
num, or in both segments simultaneously 
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Fig 4.—Dup! cated segment lateral to sec- 
ond portion of duodenum (arrows). 


(Fig 3). The mamagement of the five pa- 
tients in this series was previously re- 
ported by Bailey anc Akers.’ Hematomas 
were found in either the second or third 
portion of the-dundenum in all cases. 
Annular Pame-eas:—[n contrast to a prior 
report," only three patients were seen with 
this lesion. Tius relatively low incidence 
may simply beue tovur understanding of 
the lesion, sim= we chose not to include 
several additioma e#hildren who had small 
islands of pancr=etie tissue in the region of 
the atresia, but whieh did not appear to be 
the primary cause of their obstruction. All 
patients were under 2 weeks of age and 
were vomiting ard had distention in the 
upper part of tae abdomen. Two patients 
had duodenojejimestomy and the third had 
a duedenoduedencstomy. There were no 
postoperative mplieations and all pa- 
tients had subseqaently done well. 
Duplication of tae Duodenum.—Both pa- 
tients had reeumrent episodes of vomiting 
and postprandial fullness as the dupli- 
cation became distended by its own ac- 
cumulated mucous sezretions and caused 
obstruction by eempression of the adjacent 
duodenum. The ciagaosis was made in 
each ease preoperatively after x-ray films 
of the upper gastrointestinal tract (Fig 4). 
An 8-year-old child has a gastroduodenec- 
tomy and Billrota I anastomosis for a cys- 
tic duplication irvolring the first and 
second portions af zhe duodenum: A 3-year- 
old ehild had the septum between the du- 
plication and thenermal duodenum. excised 
without disturbing gastroduodenal conti- 
nuity. Both patien:s-have done well. 


Camment 


Obstruction ef the duodenum in in- 
fants and children-can originate from 
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Lesions Associated With Duodenal 
Atresia 










Tracheoesophageal fistula 5 
Ventricular septal defect 4 
Nonfixation of midgut 4 
Mengolism 3 
2 
1 
1 
1 








Renal anomalies 
lleal atresia 
Situs inversus 
Imperforate anus 







either intrinsic or extrinsic sources. 
These entities have different embry- 
ologic origins. Shortly after the fifth 
week of fetal life the duodenal lumen 
becomes obliterated by rapid epithe- 
lial proliferation. In the normally 
develeping fetus the lumen is re- 
established by the 12th week.’ 
Developmental arrest between the 
fifth and 12th weeks of gestation may 
give rise after birth to intrinsic 
duodenal obstruction, manifested as 
an atresia, a stenosis, or a dia- 
phragm.’ Extrinsic duodenal obstruc- 
tion can be caused by malrotation of 
either the colon or duodenum. When 
the embryonic duodenojejunum re- 
turns to the abdominal cavity in the 
tenth week, it passes to the left and 
posterior to the superior mesenteric 
artery. The distal ileum, cecum, and 
colon then move anteriorly and to the 
right of the superior mesenteric ar- 
tery before the cecum achieves its fi- 
nal position in the right lower quad- 
rant of the abdomen.’ Deviations 
from this dual rotation may result in 
congenital peritoneal bands, which 
can cause duodenal obstruction after 
birth. 

While intrinsic obstruction is diag- 
nosed primarily in the neonatal pe- 
riod, compression of the duodenum by 
sources outside its muscular wall fre- 
quently causes vague symptoms that 
go unrecognized for months or years 
after onset. X-ray examination of the 
upper gastrointestinal tract in most 
cases will outline the point, if not 
the cause, of the obstruction. This in- 
formation, plus a thorough under- 
standing of rotation anomalies, is es- 
sential to safe, successful surgical 
relief af the obstruction. 

The eperative approach to duodenal 
obstruetion should be identical in all 
cases. The surgeon must first rule out 





extrinsic causes of obstruction by not- ` 


ing the position of the cecum and 
searching for congenital peritoneal 
bands crossing the duodenum. The 
duodenum is exposed by reflecting 
the right and transverse colon onto 
the left side of the abdomen. The en- 
tire retroperitoneal duodenum is then 
mobilized and converted into an in- 
traperitoneal organ. This allows posi- 
tive identification of the area of ob- 
struction and prepares the duodenum 
for a bypass procedure, if it proves 
necessary. 

Complete lysis of congenital peri- 
toneal bands arising from a malro- 
tated colon, followed by mobilization 
of the involved duodenal segment, 
will relieve the obstruction in all 
cases. Knowledge of the coexistence 
of midgut volvulus with congenital 
bands is important, since failure to 
correct either one may result in con- 
tinuing symptoms of intestinal ob- 
struction. The midgut volvulus must 
be reduced, and the entire colon 
placed into the left side of the abdo- 
men. Cecopexy and other colon fix- 
ation procedures have been recom- 
mended, but entail the added risk of 
bowel perforation by the fixing su- 
tures. No patients in this series had 
colon fixation, and none developed 
secondary obstruction or volvulus. In 
patients with congenital bands and 
duodenal malrotation, the duodenum 
is completely mobilized and then re- 
positioned with the entire small 
bowel into the right paravertebral 
gutter. 

Side-to-side duodenoduodenostomy 
gives excellent results in most cases 
of duodenal atresia and stenosis. 
Duodenojejunostomy leaves a blind 
intestinal loop in situ with its attend- 
ant complications, and gastrojejunos- 
tomy has been associated with ulcera- 
tion at the suture line. Once the 
duodenum is adequately mobilized 
proximal and distal to the obstructing 


lesion, side-to-side duodenostomy can 


be constructed with relative ease. 
Since duodenal webs often occur in 
the region of the papilla of Vater, 
great care must be taken to avoid in- 
jury to the papilla. In many cases by- 
pass of an obstructing diaphragm is 
preferable to excision. If excision is 
attempted, only the anterior portion 
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‘ean be safely excised, unless the pa- 


pilla is clearly identified at some dis- 
tance from the web. Passage of a 
catheter proximally and distally when 
the duodenum is open helps to avoid 
missing an associated web. A routine 
Stamm gastrostomy in all cases of in- 
trinsic obstruction greatly facilitates 
postoperative decompression and 
feeding. 

Many methods of treatment, both 
operative and nonoperative, have 
been recommended for patients with 
duodenal obstruction by the superior 
mesenteric artery. The operation that 
best combines early return of gas- 
trointestinal function and low mor- 
bidity consists of mobilizing the en- 
tire duodenum and repositioning it 
along with several feet of proximal 
jejunum into the right paravertebral 
gutter.‘ All patients treated in this 
manner had prompt return of gas- 
trointestinal function with an aver- 
age postoperative hospital stay of 
five days. All have remained well 
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since discharge from the hospital. 

Bypass by either duodenojetunos- 
tomy or duodenoduodenostomy is al- 
ways the preferred method of oper- 
ation for symptomatic annular 
pancreas, even when it causes mild 
narrowing roentgenographically. Di- 
rect attack on the constricting pan- 
creatic tissue may lead to extravasa- 
tion of pancreatic enzymes, with 
resultant disruption of the duodenal 
suture line. The duodenum under- 
lying the ectopic pancreas may also 
be abnormal and difficult to suture 
safely. 

The decision as to complete excision 
of a duodenal duplication or simple 
excision of the common wall must be 
made at the time of operation. The 
duplicated segment usually dees not 
communicate with the duodenal lu- 
men but, nonetheless, it is separated 
from it by only a thin layer of cells. 
Other alternatives are drainage of 
the duplication into a loop of jejunum 
or simple bypass gastrojejunostomy. 
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Surgery is indicated for intramural 
duodenal hematoma only if there is 
evidence of a coexisting intraabdomi- 
nal injury. These lesions are usually 
self-limiting, and with resorption of 
the hematoma, there is spontaneous 
disappearance of the duodenal ob- 
struction.’ In persons operated on be- 
cause of coexisting intraabdominal 
lesions, evacuation of the hematoma 
may be indicated. 


Conclusions 


Clinical and roentgenographic evi- 
dence of duodenal obstruction can be 
manifested in children from infancy 
through adolescence. In this series of 
97 infants and children with duodenal 
obstruction, nine required a second 
operation because the site of obstruc- 
tion was not identified at the first 
procedure. Extensive duodenal mobi- 
lization in all patients facilitates both 
the identification of the point of ob- 
struction and construction of bypass 
anastomosis, if necessary. 
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The immediate postamputation plaster 
prosthesis was supplied as a central commu- 
nity service in a large metropolitan area in 
75 lower-extremity amputations. The overall 
healing rate was 90%. Half the patients were 
ready for discharge in four weeks or less; 
85% eventually walked with a prosthesis. Al- 
though this record is satisfactory, the spread 
of responsibility for the 75 amputations 
among 53 different surgeons forced the con- 
clusion that, because of difficulties in com- 
munication, a central service of this type 
was not practical in that community as now 
constituted. Where continuity of the whole 
patient care team could be established, the 
value of the immediate postamputation plas- 
ter was confirmed. Experience with various 
types of going-home prostheses emphasized 
the need in this and other communities for 
facilities to enable safe provision of early, to- 
tal-contact prostheses. 


he immediate postamputation 
plaster technique was so novel at 
the time of its introduction'’ six 
years ago that it inevitably raised 
many important questions. Personal 
experience and that of published 
studies over the intervening years’? 
has enabled us to provide answers 
based on a consensus to at least some 
of the questions as follows: 

1. Tne technique improves wound 
healing. It appears to do so by im- 
mobilization and seclusion of the 
wound. 

2. It speeds rehabilitation. It does 
so principally by generating a team 
of individuals actively concerned with 
rapid rehabilitation by any technique. 
Since the technique has appeared, the 
attitude of the prosthetists and the 
physical rehabilitation therapists has 
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changed from one of leisurely pro- 
gression to one of urgency. 


3. It does not rehabilitate more — 


people than other modern methods.’ 

4. It provides an early, valid test of 
rehabilitation. 

5. The technique is not harmful if 
properly applied and supervised, and 
weight-bearing is not practiced in the 
early days after the operation. 

6. The proper going-home pros- 
thesis, whether definitive, transi- 
tional, or plaster itself, is undecided. 

Most of the reports from which the 
above information has been gleaned 


have emanated from authors with a 


special interest in the technique who 
were studying groups of cases from a 
single clinic. A major question, there- 
fore, remained unresolved: Could the 
technique, as practiced, be as effec- 
tive when widely applied throughout 
a community where many different 
surgeons and rehabilitation personnel 
are involved? 

The experience of Burgess et al? ap- 
pears to have validated its use in a 
community under special circum- 
stances, the most noteworthy of 
which are (1) a trained team brought 
in from outside the hospital, consist- 
ing of a surgeon and a prosthetist 
participating in the care of the pa- 
tient from the time of, and including, 
the operative technique, and (2) fi- 
nancial support to cover this oper- 
ation from a source other than pa- 
tient care funds. 

Two major unsettled matters 
seemed to us to require further exam- 
ination: (1) to test whether the above- 
listed advantages could hold up in a 
community setting, where the team 
was of necessity more loosely orga- 
nized than those whose work has been 
reported in the literature, and (2) to 
explore further the factors dictating 
the choice of the going-home pros- 
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thesis. The Veterans Administration 

via its Prosthetics and Sensory Aids 
Section, having sponsored Burgess’s'” 
Seattle project, supported this study 
as well. : 


Method 


Personnel.—The name, Boston Inter- 
hospital Amputation Study (BIAS), was 
applied to the project. The personnel con- 
sisted of a physician-coordinator, a pros- 
thetic assistant trained by Dr. Burgess’s 
group, a part-time secretary, and a con- 
sulting board of five specialists: two ortho- 
pedists, one general surgeon, one physi- 
atrist, and one prosthetist. 

Procedure.—The project established a 
headquarters and mailed out, and other- 
wise arranged, appropriate publicity. 

Surgeons called the BIAS telephone 
number and gave notice of the intent to 
perform an amputation. Following notifi- 
- cation, one of the surgeons on the team 
saw the patient preoperatively to assess 
his clinical status. 

- At the time of the operation, the pros- 
thetic assistant stood by and, as soon as 
the: wound was closed, applied the immedi- 
ate postoperative plaster and the upper el- 
ement of the hardware for the prosthesis.’ 


- The recommended routine for rehabilita- 


tion involved weekly cast changes, stand- 
ing without weight-bearing during the 
first week, weight-bearing started after 
the first cast change if the wound was satis- 
factory, and provision of the going-home 
prosthesis during the fourth week. The 
prosthetic assistant saw the patient on the 
first postoperative day in order to apply 
the lower element of the prosthesis and to 
arrange for alignment of the shank and 
the foot. 

The prosthetic assistant and, if possible, 
the coordinator met with the operating 
surgeon at the time of the first cast re- 
moval one week after operation. The BIAS 
team observed the patient while in the hos- 
pital, but the surgeon was encouraged to 
contact the commercial prosthetist him- 
self and arrange for whatever going-home 
limb he and the prosthetist together felt to 
be desirable. 

The BIAS team did not assume personal 
_ responsibility for patient care. After dis- 
charge, BIAS occasionally acted in a con- 
sulting capacity and often visited the pa- 
tients for purposes of follow-up and 
record-keeping. 

We made late follow-up contact at a 
minimum of six months to a maximum of 
24 years. / 

Metropolitan Boston Amputee Census.— 
We made a census of the approximate num- 
ber of amputations performed annually in 
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the Boston area and of their distribution 
among hospitals. From the record roams of 
44 Boston metropolitan hospitals listed in 
the recognized hospital list of the Ameri- 
can Medical Association, we procured in- 
formation on the numbers and levels of 
lower-extremity amputations done in a pe- 
riod of a year as close to the calendar year 
of 1969 as tne hospitals could conveniently 
provide. 

Duration of the Study.—The study ex- 
tended from Nov 1, 1969, until May 1, 1972. 


Results 


Distribution of Hospitals and Sur- 
geons.—The 75 amputations on which 
BIAS was consulted were spread 
among 18 hospitals and 53 sumgeons. 
The surgeons were residents in train- 
ing programs in 40 (58%) of the am- 
putations. Staff members were the 
surgeons in 35. These staff members 
usually operated in community hospi- 
tals where house staff training pro- 
grams were absent or involved only 
part of the patient load. Three of the 
hospitals at the top of the list of 
frequency of amputations in Boston 
used the service among them in only 
three cases. Satisfaction with their 
own current routines created little 
desire for BIAS services. These rou- 
tines involved early prosthetic fit- 
ting, but seldom the immediate post- 
operative plaster technique. 

General Statistics.—Table 1 displays 
the basic statistics. We used the pro- 
cedure 75 times in 71 patients. Sixty- 
seven amputations were unilateral 
and four were bilateral. In 66 proce- 
dures (88%), the foot pulses were ab- 
sent. 

In 36 (48%) of the amputations the 
patients suffered from diabetes. This 
is in line with other series where the 
patients come from the community,’ 
but slightly higher than the round 
figure of 40% ordinarily found in a 
VA group of lower-extremity am- 
putees.*”’ 

Seventy (94%) of the 75 amputa- 
tions were at the below-knee (BK) 
level. This is a BK:AK (abayve-knee) 
ratio of 14.0, which does not represent 
community practice (0.7). 

The mortality of 5.6% (four deaths 
in 71 patients) is lower than the fig- 
ure of 10% or higher seen in overall 
amputation practice, but not lower 


than other reported series with use of 


the immediate postamputation plas- 
ter, which inevitably introduces a fac- 
tor of selection of more favorable 
cases. 

The primary healing rate was 57.4% 
(52 of 73); the secondary healing rate, 
75.38% (22 of 29); and the overall heal- 
ing rate, 90.1% (64 of 71) for those 
evaluated. 

Healing Failures.—Failure to heal 
occurred in eight stumps; the causes 
were ischemia (four), sepsis (one), 
trauma (one), spastic contracture 
(one), and technique, ie, late (one). 
(The number of higher amputations 
was seven. One of the patients died 
before higher amputation could be 
performed.) Although it was our 
judgment that in none of these was 
the plaster technique responsible, this 
judgment could not be objective. In 
all, although there was ample reason 
for failure in the absence of the BIAS 
technique, none can say that it would 
surely have occurred. The one failure 
listed as due to technique was in a pa- 
tient with diabetic neuropathy where 
a patella-tendon-bearing plaster 
prosthesis was fitted two weeks after 
amputation at the time the plaster 
cylinder was removed. Unsupervised 
walking led to progressive breakdown 
of a minor wound separation and to a 
higher successful amputation at the 
BK level. 

Delayed Healing.—We assessed the 
influence of the plaster prosthesis on 
the wound in the 22 limbs that healed 
secondarily from the group of 31 that 
developed separation, infection, or 
necrosis. As in the case of the higher 
amputations (healing failures), this 
was possible only in a nonobjective 
manner. In 11 limbs, however, the 
wound separation was so minor as to 
interrupt wearing of the plaster pros- 
thesis for a period of less than one 
week or not at all. In the other 11 
limbs, the wound disorder was more 
substantial, the cast was discontin- 
ued, and healing was slow. The over- 
all healing rate of 90%, of which 58% 
was primary and 32% secondary, is 
comparable to the figures of 79%, 54%, 
and 25% reported in a recent VA 
study of BK amputations where no 
pulses were present in the foot.” Thus, 
whether or not the plaster was re- 
sponsible for some instances of 
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Table 1.—Pertinent Data: Admission to Discharge 


Level Post- 





Lowest 
Palpable 
Pulse Rate, of opera- 
Beats per Dia- Ampu- tive Higher 
Age, yr Sex Cause Minute betes tation Death Healing Amputation 


























* BK indicates Pelow-knee; AK, above-knee. 


wound difficidties, under the circum- 
stances of ths tudy. it did not cause 
a higher or lawer heeling rate than a 
variety of tehaiques where plaster 
was not used 

Discontinuacien of the Technique.— 
The smooth pregress on from plaster 
cylinder to a g»ing-1eme prosthesis 
was oceasiona |r brok2n. For purposes 
of analyzing ts aspect of the study, 
we labeled as Sr2aks n the technique 
only those inscamces where discontin- 
uation oceurr« soomer than three 
weeks. (Later beaks were often due 
to a short free i terval between plas- 
ter and the m=xt prosthesis.) The 
technique was broken in less than 
three weeks ir 21 pat ents. In all ex- 
cept one, the ra3on for omitting the 
prosthesis was wound separation, in- 
fection, or nearesis. Eleven patients 
continued witl the plaster cylinder 
despite minor wound breakdown. In 
one of the pafiemts in whom use of 
the plaster cast was discontinued, the 
wound had not >een properly drained, 
and a tight hematoma developed 
making the cas tolevable. The cast 
was removed, th hematoma even- 
tually abserbel. anc the wound 
healed slowly. 

Speed of ReEauilitation.—We arbi- 
trarily set as a ime goal that the pa- 
tient should be walking on the going- 
home prosthesis snd ready for home 
or convalescent home, if not actually 
there, by four weeks efter amputa- 
tion. Of the 7+ >atients, 38 (50%) 
achieved this status; 16 patients (21%) 
were rehabilitate- successes delayed 
beyond four we-k=; 9 patients (12%) 
healed but were zot candidates for 
walking; 8 patieris (11%) were heal- 
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Arteriosclerosis 64 Aorta Yes 36 BK* 70 Yes 4 _ Healed per SIN available 
40.49 1G F 30 Other ischemic 4 Femoral 34 No 39 AK 5 No 71 primam 42 ne “arp 
i i i Separation, in- 

ee ia 75 Nonischemic z a 25 75 75 75 fection, x anatysis 29 

: Rebs Pd necrosis 
70-79 16 75 (SIN) 31  Healed 22 
80-89 9 Died before Higher 

75 evaluation 2 amputation 7 


Table 2.—Going-Home Prostheses 


75 29 


















* All five above-knee amputations in this group. 


ing failures (some of whom were re- 
habilitated after higher amputation); 
and 4 patients (5%) could not be eval- 
uated on this point. 

Going-Home Prostheses.—Table 2 
lists the types of prostheses fitted or 
ordered for the patients at the time 
of hospital discharge. The plaster pa- 
tella-tendon-bearing type was used 
largely at the beginning of the study. 
Later, we discontinued it because it 
required eareful postdischarge super- 
vision, a service that: we were not 
equipped to provide. The preparatory 
(leather lacers for the thigh corset 
and for the BK socket) and the plas- 
ter cylinder cast (postdischarge con- 
tinuation of the device that the pa- 
tient hac used in the hospital) 
prevailed in the latter part of the 
study. The reasons for not wearing a 
prosthesis in the 22 patients in which 
this was the case were (1) death, (2) 
unhealed wound, (3) cast left off while 
awaiting a definitive prosthesis, and 
(4) loss of communications leading to 
a misunderstanding. 

Later Follow-Up (Table 3).—Despite 
the problems listed, 56 of 64 patients, 
whose conditions we could evaluate 
several months after discharge, were 


walking with a prosthesis. One was 
walking without a prosthesis and 
seven who were not walking were 
using a wheelchair. None was totally 
bedridden. Although 50 of 65 patients 
were at home and not institution- 
alized, only six of them were em- 
ployed. ; 

Eighteen stumps suffered areas of 
breakdown or ulceration after they 
had technically healed. Table 4 shows 
that every type of prosthesis was in- 
volved. In the two breakdowns that 
occurred while the patient was wear- 
ing the preparatory type limb, the 
event did not interrupt wearing of 
the prosthesis in one; in the other it 
did so for one month. Four break- 
downs occurred when no prosthesis 
was being worn, two from falls, and 
two from bandage pressure. Two re- 
quired higher amputation, one re- 
maining as a BK, and the other 
changing to AK. During the time of 
ulceration, the prosthesis was left off 
for varying periods in most instances, 
but abandoned entirely in only one. 

Metropolitan Boston Amputee Cen- 
sus.—Of the 44 recognized hospitals 
in the Boston area, 39 performed at 
least one amputation of the lower ex- 
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Interval 





Stump Break- Healing to Higher 
down After Breakdown, Ampu- 
Healing mo tation 
Limbs Limbs Limbs 
No 44 1-3 14 Yes 2 No 
Yes 18 3-6 1 No 16 Yes 


Evaluated 62 -6. 3 


18 


* The completeness of follow-up varied among categories, 


months. 








t In some patients who died late, rehabilitation data were available prior to death. 


Table 4.—Stump Breakdown A‘ter Healing 


Interval After Healing, mo 


Type of Prosthesis 1-3 


-~ Plaster patella-tendon-bearing 3 
-= Polysar 1 


Preparatory 2 
Definitive patella-tendon-bearing 


Definitive patella-tendon-bearing 
supracondylar 


More than one prosthesis 
No prosthesis 
Total 





4* 
18t 


* Two of the late breakdowns with no prosthesis were due to falls; two were due to 
sensitivity of skin over the tibial tubercle to elastic bandages. 
t Two of the 18 stumps required higher amputations. One remained below-knee, one 


changed from below-knee to above-knee. 


tremity during the year of study. The 
total number performed was 914 of 
which 527 were at the BK (230) or AK 
(297) levels; 387 were below the an- 
kle. Three main points of interest 
emerged. , 

First, the spread of below-ankl 
amputations (those through the fore- 
foot or toes) among these 39 hospitals 
was from 0 to 127 amputations per 
year, but the median was only three. 
Thus, in half of the hospitals, three 
amputations or less were performed 
at this level during the year. 

The second point of interest is that 
for the important combined group of 
AK plus BK amputations, usually 
called major amputations, although 
the spread of frequency was from 0 to 
77 per hospital, the median was nine. 
Half the hospitals, in other words, 
performed nine or less major amputa- 
tions in a year’s period. 

The third important point is the 
BK:AK ratio, for which the mean was 
0.77 and the median 0.7. The range 
here is more extraordinary than in 
the previous paragraphs, since it 
spread from 0 to 5.3. 
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Comment 


Abcut half the hospitals in the Bos- 
ton metropolitan area that perform 
amputations consulted BIAS one or 
more times. The distribution was 
even between those hospitals without 
residency programs and those with 
them. The best results were where a 
keen surgeon of the younger group 
became interested and used BIAS 
several times. The lack of continuity 
of personnel implicit in the spread of 
surgical responsibility for amputa- 
tions in the Boston metropolitan area, 
confirmed by the distribution of re- 
sponsibility in the 75 BIAS amputa- 
tions among 53 surgeons, worked 
against smooth functioning of an in- 
tegrated team. 

The record for healing and rehabili 
tation was similar to that of other 
series. The rate of higher amputa- 
tions reported by Burgess' was 7.5%; 
ours was 9.9%. His reported rate for 
eventual walking with a prosthesis 
for BK and Syme amputees was 131 
of 140 (93.5%); ours was 56 of 64 (87%). 
Our low primary healing rate of 57% 


Table 3.—Pertinent Follow-Up Data* 


Late Death Walking Statust Domicile Employmentt 
Patients Patients Patients Patients 
60 Walking with prosthesis 56 Home 50 Full 5 
7 Walking without prosthesis 1 Convalescent home 9 Part-time 1 
18 Postoperative death 4 Not walking 7 Hospital 6 None 59 
71 Evaluated 64 Evaluated 65 Evaluated 65 

































causing variation in the totals. Minimum duration of follow-up was six 


compared with the overall healing 
rate of 90.1% is difficult to compare 
with the reports of other series be- 
cause other authors have not reported 
healing rates broken down into pri- 
mary and secondary categories. It is 
similar to other VA studies where the 
plaster technique was not used.*” 

As in the stumps that healed pri- 
marily, so also in the healing failures 
and in those that developed separa- 
tion, infection, and necrosis but later 
healed; it was impossible to say how 
much the technique worked for good 
or ill. More studies such as that of 
Mooney et al’ where the technique 
was compared with others, the selec- 
tions for the groups being randomly 
made, might be undertaken in the 
community setting of our study. 

The direct question was asked of 
our records: “Was BIAS beneficial?” 
We consider that in two sorts of pa- 
tients we can answer with a definite 
“Yes.” The first was the patient who 
was rehabilitated to going-home 
status in four weeks. Of these there 
were 38. As stated, this can also hap- 
pen under other regimens, but we are 
convinced that immediate action by 
the rehabilitation team within the 
first week has provided a speedier re- 
habilitation result than any “early 
fit” (as opposed to “immediate fit”) 
technique. The surgeon participates 
more enthusiastically if he sees the 
procession of rehabilitation with 
prostheses as a continuum. 

The second “yes” concerns the tech- 
nique as a method of testing a pa- 
tient’s rehabilitation potential. It was 
effective in this way in several of the 
patients, two of whom might have 
been provided with a commercial 
prosthesis had not the test of walking 
with plaster showed that they were 
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incapable. Thre= patients, not in this 
group, were fi-tad late (from ten days 


to six weeks postoperatively). Two of - 


them showed their abilities and re- 
ceived permanent limbs; the other 
was unable ard wes spared the trial 
of a permanert limb. 

Going-Home Presthesis.—Although 
the ideal method is the provision of a 
permanent tecal-contact patella-ten- 
don-bearing er datella tencon supra- 
condylar prosthesis immediately af- 
ter removal f»əm plaster, this was ac- 
complished only three times (Table 2). 
This was becats2 stump shrinkage in 


the early weels after ampuzation de- - 


mands repeated adjustments of such 
a limb. As an a ternative, we devel- 
oped a firsthar d exderience with the 
plaster patella-tencon-bearing pros- 
thesis. It seemec the ideal solution in 
many patients. provided frequent su- 
pervision was avaiable. This could 
not, however. be organized in the 
homes or in ‘he nursing homes where 
most of the patients corvalesced. 
Three stumps treke down while these 
prostheses were n use. 

The plaster eylincer cast is also a 
total-contact limb. It holds tne stump 
well within it, acwever, and no abra- 
sive effect of lee jaint action is pos- 
sible. Stump breakdcwn was not seen 
in the eight patients where it was 
used. The disat vantage it entails is 
that it is not remevable. We hesitated 
to employ it where the patient could 
not de supervised or in a situation 
where there was minor wound sepa- 
ration, infectier, or necrosis, since ar- 
ranging for frecuent cast changes 
was not possibile. 

_ Despite twe instances of minor 
stump breakdown while it was in use, 
the safest goime-home prosthesis was 
the preparatory with its lacec leather 
BK socket and laced leather thigh 
corset. Its disadvantages are well 
known. It allows stump swelling. It 
does not prepare the patient with 
proper gait and a proper conscious- 
ness of the tota-eontact type of pa- 
tella-tenden-beaing prosthesis to 
follow. For practical reasons, how- 
- ever, we settled on this as the saf- 
est and most e2anomical prosthesis 
under most circumstances. We are 
nevertheless con~inced that if a total- 
_ contact type of prosthesis can be pro- 
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vided, under conditions where re- 
peated checks and adjustments can be 
made at frequent intervals by the re- 
habilitation team, it is preferable. We 
learned that until such a service can 
be provided, a flexible attitude in the 
matter of the going-home prosthesis 
was necessary, depending on the pa- 
tient’s finances, his agility, and the 
necessary locale for rehabilitation. 

When we began the study, we were 
unsure, as they were too, of the role 
the commercial prosthetists should 
play in this community project, or 
their attitude toward it. We and they 
discovered that for reasons ef man- 
power, availabiltiy, and distance, they 
were unable to participate in the in- 
hospital walking phase and often 
found it difficult to meet schedules for 
provisien of the going-home pros- 
theses. They cooperated with and en- 
couraged BIAS at all points. | 

Many surgeons and other medical 
personnel were educated in the ur- 
gency ef rehabilitation of the older 
patient. Seeing the technique in. ac- 
tion previded a physical means of ap- 
preciating what can be done for the 
older patient. 

The project reemphasized the im- 
portance of the physical therapy and 
social service departments as mem- 
bers of the team. The physical ther- 
apy department represents the most 
stable and helpful hospital contact for 
a team such as that of BIAS eoming 
in from the outside. 


i 


Conclusions 


Our exploration of the two un- 
settled matters, the practicality of 
wide community applicability of the 
immediate postoperative amputation 


prosthetic technique and the proper 


going-home prosthesis, we have an- 
swered to our satisfaction as follows: 

1.—A eonsulting team to implement 
the immediate postoperative plaster 
technique in the hospitals of a com- 
munity is not effective unless the op- 
erating surgeon is a member of the 
team. 

Until the lower-extremity amputa- 
tions done in a community can be 
placed in the hands of a few surgeons, 
smoothly functioning teams cannot 
be organized on a community-wide 
basis. 


For those patients where such a 
team can be organized, the immedi- 
ate postoperative plaster technique 


represents a real contribution to re- 


habilitation following lower-extrem- 
ity amputation. 
2.—Under the conditions of this 
community study where daily super- 
vision is not possible, the most practi- 
cal going-home prosthesis is the pre- 
paratory type, with the plaster cast to 
the mid-thigh level as second choice. 
The advent of the immediate post- 
operative plaster technique and the 
activities of BIAS have created an 
awareness among surgeons of the po- 
tential for rehabilitation that this 
and other techniques provide. Be- 
cause of the diversity of available ser- 
vices, decisions on the proper type 
of going-home prosthesis must be 
geared to the experience of the sur- 
geon, the therapist, and the prosthe- 


tist. Badly needed is a service to pro- 
vide a total-contact type of prosthesis 


for the interval period between the 
immediate or early postoperative 
prosthesis and the definitive one. 


` 


This study was supported by contract V69 OP- 
0570-from the Veterans Administration. 
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~ When you start | 
menopausal patients 
on estrogen, 

you probably perform 
a Pap test... 


but what about 
checking for 
endometrial cancer? 
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endometrial changes. 


A convenient screening procedure 

The Gravlee Jet Washer is suitable for assessing endometrial 
-changes in the menopausal patient, either prior to or during 
-estrogen therapy. Used as part of the routine pelvic examination 
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$ of asymptomatic women over 45, it may well serve both : 
physician and patient as usefully as the Papanicolaou test for 4 
cervical cancer. | 3 
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The Gravlee Jet Washer employs the principle of negative 
pressure to wash out and collect specimens of endometrial cells 
and tissue fragments. This unit is sterile, disposable, and 

easily fits into an office procedure. 
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4 | office procedure for early detection l 2 
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Mallory-Weiss Syndrome 


Adam R. Wychulis, MD, Albert Sasso, MD, Newark, NJ 


Of six patients with Mallory-Weiss syn- 
drome, none had a history of alcoholism. He- 
matemesis followed one or more bouts of 
retching and/or vomiting of nonbloody ma- 
terial in all but one of the patients. This char- 
acteristic history permits recognition of the 
condition in most instances. 

Surgical intervention was necessary in 
each case to control profuse hemorrhage. A 
generous gastric incision with thorough ex- 
amination of the cardia and lower esoph- 
ageal segment is mandatory to locate the 
lacerations which are then simply oversewn. 
The successful management of these pa- 
tients is attributed to increased aware- 
ness of the entity and improvement in the 
‘supportive care of patients with massive 
hemorrhage. 

A total of 303 cases of Mallory-Weiss syn- 
drome have been reported in the English lit- 
erature. 


Ithough Quincke' reported upper 
gastrointestinal hemorrhage 
due to an esophagogastric laceration 
in 1879, the relationship between 
retching and vomiting and mucosal- 
submucosal lacerations at the cardio- 
esophageal junction was first de- 
scribed by Mallory and Weiss? in 1929. 
The initial report of successful surgi- 
cal treatment of a patient with this 
syndrome was made by Whiting and 
Barron’ in 1955. 
From 1961 through 1970, six pa- 
tients underwent emergency oper- 
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ations for control of hemorrhage due 
to esophagogastric lacerations at 
Saint Michaels Medical Center 
(Table). These cases are presented to- 
gether with a brief review of the lit- 
erature to date. 


Report of Cases 


Case 1.—This 45-year-old white male 
chef was admitted to the hospital on Feb 4, 
1961, with severe precordial pain radiating 
to both arms, profuse diaphoresis, and 
dyspnea. Serum enzyme levels and serial 
electrocardiograms over the next few days 
documented the diagnosis of anterior myo- 
cardial infarction. The chest pain in- 
creased in intensity four days after admis- 
sion, requiring more liberal use of narcotic 
medications for relief. At this time, he 
vomited once and retched quite z bit. The 
following morning he had three bouts of 
hematemesis over a four-hour period that 
totaled approximately 2,000 ml of fresh red 
blood. Physical examination at <his time 
revealed hypotension, tachycardia, and a 
soft, nontender abdomen. Blood transfu- 
sion was begun and surgical exploration 
was undertaken. : 

At operation, the upper gastro-ntestinal 
tract was filled with blood. An incision in 
the antrum of the stomach was elosed af- 
ter blood was seen to emerge from the car- 
dia. High gastrostomy disclosed a bleeding 
laceration 3 cm in length just below the 
eardioesophageal junction on the side of 
the lesser curvature posteriorly. The lacer- 
ation was repaired with a running chromic 
catgut suture and the stomach was closed 
in layers. 

The postoperative course was uneventful 
except for a mild superficial wound infec- 
tion. He was discharged 23 days after sur- 


gery. 


Although this patient was admitted . 


because of myocardial infarction, 


4o 
ha 

y 
ii 


vomiting did not occur until the dos- 
age of narcotics was increased four 
days later. Surgical treatment was 
well tolerated in spite of the recent 
cardiac insult. 

Case 2.—In a 68-year-old white house- 
wife, lower abdominal pains and emesis 
developed a few hours after she had eaten 
dinner. An enema yielded black, tarry 
stool. She vomited blood several hours 
later. On admission to the hospital shortly 
thereafter (June 21, 1962), she vomited an- 
other 200 ml of blood. During the next two 
hours, she had two bouts of hematemesis, 
vomiting approximately 200 ml of blood 
each time and she had another tarry stool. 
The patient was severely hypotensive and 
2 units of blood were administered rapidly. 
Over the following five hours, she contin- 
ued to bleed despite the administration of 
three more units of blood. A diagnosis of 
bleeding peptic ulcer was made and the pa- 
tient was taken to the operating room. 

External examination of the stomach 
failed to reveal any abnormality. Gas- 
trotomy was performed and an actively 
bleeding 3-cm tear was found just below 
the esophagogastric junction on the poste- 
rior wall of the stomach near the lesser 
curvature. The laceration was oversewn 
with a running chromic catgut suture. The 
stomach was repaired in layers. 

The postoperative course was uneventful 
and the patient was discharged ten days 
later. Ten and one-half years later there 
was no evidence of recurrence. 

This patient had been treated for 


irritable bowel syndrome for many 


years. Vomiting followed an unusu- 
ally heavy meal and several hours 
later profuse bleeding occurred. 
CASE 3.—A 57-year-old white male elec- 
tric welder was admitted to the hospital 
on Feb 26, 1963, with hematemesis and 
severe lower substernal chest pain associ- 
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3 57. M Gastro- 
enteritis 

4 7% M Duodenal 
ulcer 


Brain tumor 
removed 12 yr 
previously 

Mitra’ stenosis; 

postumbilical 

herniorrhaphy; 
cholecystitis 









ated with vomit-ng. He was well until the 
previous day when nausea, vomiting, and 
diarrhea developed spontaneously. During 
the four hours prior te admission, he vom- 
ited approxima®ly 1,000 ml of bright red 
blood. 

On physica!-eeamination, the blood pres- 
sure was 60/40-mm Hg and the pulse rate 
120 beats per minute The abdomen was 
soft and nontemder to palpatior. Two units 
of bleod were given and exploration was 
performed wit the diagnosis of gastric 
laceration as the prime probability. 

The external=urface of the stomach was 
normal. An anterior gastrotomy was per- 
formed and a 3m laeeration end a paral- 
lel 0.5-em laceration were found extending 
from the esopagogastric junetion down- 
ward on the peeterior wall of the stomach 
on the side of te lesser curvature. There 
was active bleering from the larger lesion. 
Both lacerations were repaired with run- 
ning sutures > chremie catgut and the 
gastrotomy wae closed. 

The postopezative course was compli- 
cated by the development of pneumonitis, 
which resolvec prior to his discharge two 
weeks after sumery. 

This patiert developed symptoms 
of gastroenteritis, including vomit- 
ing, about 24 aours prior te the onset 
of hemateme=is. 

Case 4.—A W-year-old white man was 
hospitalized om Dec 3, 1963, because of he- 
matemesis that began several hours prior 
to admission. ee complained of abdominal 
discomfort fervthe previous 24 hours. There 
was a past history of duodenal ulcer in 
1953 and the patient had had tarry stools 
on one oceasicr in 1960. 

On physical «xamiaation, the pulse rate 
was 140 beats per minute ard the blood 
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ze, 
Patient Yr, Basic 
No. Sex Diagnosis 
Siar 45 M Myocerdial 
infarction 
2 6@ F Irritable 
bowel 
syndrome | 


Cause of Estimated 
Vomiting Blood Loss Operation Result 
Narcoties 2,000 mi Closure of 3-cm laceration just below Recovery 
cardioesophageal junction 
Heavy meal 3,000 ml Closure of 3-cm laceration Recovery 


just below esophagogastric 
junction 


Gastro- 1,500 ml Closure of 2 tears (3 cm & 0.5 cm) Recovery 
enteritis extending from esophagogastric 
junction downward 
No vomiting 2,500 ml Closure of 3.5-cm laceration just Recovery 
prior to below esophagogastric junction 


hematemesis 


a S E 


Heavy meal 2,500 ml Closure of 2-cm tear straddling Recovery 
esophagogastric junction and 1-cm 
tear below junction 

Gastritis 2,000 mi Closure of laceration just below Recovery 


esophagogastric junction; vagotomy; 
pyloroplasty 


pressure 90/60 mm Hg. The patient was 
pale, sweating, and confused. Considerable 
quantities of fresh blood were evacuated 
from the stomach by nasogastric intuba- 
tion. Several blood transfusions were 
given over a three-hour period, but the pa- 
tient eontinued to bleed. Exploratory 
laparotomy was recommended and per- 
formed. 

An incision was made into the stomach 
and duedenum centered at the pylorus; su- 
perficial ulceration of the duodenum was 
seen, but fresh blood was observed coming 
from the fundus of the stomach. The inci- 
sion was closed transversely and another 
gastrotomy was made in the body of the 
stomach. A 3.5-cm longitudinal laceration 
of the gastric mucosa was noted posteri- 
orly, just below the esophagogastric junc- 
tion. This was sutured and the gastrotomy 
was repaired. 

The patient survived a stormy postoper- 
ative eourse complicated by pulmonary 
edema, abdominal distention with fecal 
impaction, and a wound infection. He was 
dischanged 32 days postoperatively. 


Duodenal ulceration had been ob- 
served roentgenographically on sev- 
eral occasions in the past. Although 
no history of vomiting prior to he- 
matemesis could be elicited in this 
ease, the patient was almost mori- 
bund on admission. 


Case 5.—A 68-year-old white housewife 
who had a brain tumor removed 12 years 
previously was hospitalized on Nov 26, 
1965. Cne day prior to admission, she expe- 
rienced epigastric pain and nausea fol- 


lowed by three bouts of vomiting that pro- — 


duced only undigested food. About six 
hours before admission, she vomited a 


large amount of bright red blood. This was 
followed by the passage of three tarry 
stools, the last of which also contained red 
blood. 

On physical examination, the blood pres- 
sure was 100/60 mm Hg and the pulse rate 
140 beats per minute. The abdomen was 
soft with mild tenderness in the epigas- 
trium. Three units of blood were adminis- 
tered over the next few hours, but fresh 
blood was continually aspirated from the 
nasogastric tube. Exploratory celiotomy 
was undertaken. 

External examination of the stomach re- 
vealed subserosal hemorrhage near the 
lesser curvature which extended up to the 
gastroesophageal area. Through a longi- 
tudinal gastrotomy, an actively bleeding 
laceration 2 cm in length was found that 
straddled the esophagogastric junction on 
the side of the lesser curvature. Another 
parallel laceration 1 em long on the side of 
the greater curvature was just below the 
esophagogastric junction. Both lacera- 
tions were closed with continuous catgut 
sutures and the gastrotomy was repaired. 

The patient was discharged on the 12th 
postoperative day after an uneventful 
course. d 


Vomiting followed a Thanksgiving 
Day meal in this case. 


Case 6.—A 56-year-old white housewife 
was hospitalized for surgical repair of re- 
current mitral stenosis on Jan 22, 1970. She 
had undergone mitral commissurotomy 13 
years before and had had an incarcerated 
umbilical hernia repaired six weeks previ- 
ously. The patient retched several times 
during the afternoon after admission and 
vomited once in the evening. Several hours 
later she vomited blood and had a tarry 


stool. The blood pressure dropped to 70/50 
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mm Hg and a nasogastric tube returned 
bright red blood. Three units of blood were 
given while iced saline lavage was carried 
out. However, fresh blood was continually 
aspirated from the nasogastric tube and 
the patient was taken to the operating 
room. 

The liver was markedly enlarged and 
cirrhotic, and calculi were palpated in the 
gallbladder. No abnormality of the stom- 
ach, pylorus, or duodenum was noted on 
external examination. Gastrotomy was 
performed and a bleeding laceration was 
found on the posterior wall of the stomach 
just below the esophagogastric junction. 
Acute gastritis was also noted in the proxi- 
mal half of the stomach. A running chro- 
mic catgut suture was used to control the 
hemorrhage and a pyloroplasty and vagot- 
omy completed the procedure. 

The patient complained of severe pleu- 
ritic type chest pain on the 11th post- 
operative day, which was thought to be 
compatible with pulmonary infarction. 
Subsequent studies failed to confirm this 
diagnosis and she was finally discharged 19 
days later without symptoms. 

The patient has not had any recurrence 
of gastrointestinal bleeding during the 
three years following treatment of the 
Mallory-Weiss syndrome. 

Vomiting in this case may have 
been due to chronic cholecystitis, 
which was unsuspected preopera- 
tively. Acute gastritis was also ob- 
served at operation. 


Comment 


Although the total number of cases 
of upper gastrointestinal hemorrhage 
originating from lacerations of the 
cardioesophageal region is relatively 
small, this entity has been recognized 
more frequently in recent years. 
Holmes‘ collected all cases reported in 
the English world literature up to 
1965 and added 20 patients from the 
Brooke Army Medical Center to make 
a total of 121 patients. A subsequent 
paper by Weaver et al in 1969 
brought the total of reported cases to 
229, of which 109 had been treated 
surgically. Sixty-eight additional 
cases*'* have appeared in the litera- 
ture since the aforementioned study 
by Weaver et al, 24 of which were 
treated surgically. The six cases in 
this paper bring the total number of 
reported cases to 303. One hundred 
thirty-nine (46%) of these patients 
underwent surgical repair of the 
lesions. 
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In most of the early reports, inges- 
tion of alcohol was stressed as a pre- 
cipitating factor. More recently many 
causes of the vomiting other than al- 
coholism have been reported. None of 
our patients had been drinking prior 
to the onset of bleeding. It is notable 
that instances have been reported in 
which vomiting did not occur prior to 
hematemesis. The precipitating fac- 
tors in such cases have included blunt 
trauma to the abdomen," closed chest 
cardiac massage,'* severe coughing,’ 
hiccuping during surgery, status 
asthmaticus,”' and epileptic seizures.” 

Mallory and Weiss? postulated that 
the vomiting reflex becomes poorly 
coordinated after repeated episodes 
of vomiting and the gastric contents 
are regurgitated against an unre- 
laxed esophagus and a contracted dia- 
phragm. Working with cadavers, At- 
kinson et al found that the 
intragastric pressure necessary to 
produce gastric mucosal tears were 
between 120 and 150 mm Hg. During 
retching in healthy adults, they found 
that intragastric pressures rose to 200 
mm Hg transiently while intra- 
esophageal pressures showed a rise to 
only 35 to 50 mm Hg. They suggested 
that an acutal or potential hiatal her- 
nia develops during retching, so that 
the gradient between intragastric 
and intrathoracic pressures averages 
about 100 mm Hg, which is applied to 
the wall of the cardia. Wells’ stated 
that tears in the wall of a hollow vis- 
cus are related to transmural pres- 
sure gradients and not solely to in- 
traluminal pressures. Thus, if a 
temporary hiatus hernia develops 
with retching, the tear is expected at 
the point where the radius is great- 
est, whereas in the absence of a her- 
nia, the predilection for the cardia is 
due to the smaller radius of the physi- 
ologic sphincter, which protects the 
esophagus. Bodi et al” found by phys- 
ical mancmetry that less tension was 


required to cause laceration in a lon- 


gitudinal than in a transverse direc- 
tion. 

Although the sexes were divided 
equally in our cases, there is a male 
preponderance among patients re- 
ported in the literature. The age dis- 
tribution is from 17 to 89 years with 
the majority between 40 and 60 years 





of age. In most instances, the history 
of retching and vomiting normal gas- 
trointestinal contents before hemate- 
mesis occurs permits recognition of 
this condition. Some patients, as in 
case 4, vomit blood from the begin- 
ning. 

Upper gastrointestinal tract roent- 
genograms do not usually demon- 
strate the lesion, but there have been 
a few reports in which the lesions 
were sufficiently large to be de- 
tected on barium swallow roentgen- 
ograms."*:**** A correct preoperative 
diagnosis of this syndrome has also 
been made in some instances’ by 
using selective celiac arteriography in 
patients with active bleeding. 

Hardy” -was the first to identify 
a laceration endoscopically. Gastros- 
copy has been more effective than 
esophagoscopy in demonstrating the 
tears, since most lesions are confined 
to the gastric mucosa. 

Neither upper gastrointestinal 
tract x-ray examination or endoscopy 
were used in our patients, partly due 
to the emergency nature of the need 
for operation, but largely because the 
diagnosis could be confidently made 
without them. 

The tears are linear in the long axis 
of the stomach or esophagus. They 
are usually confined to the stom- 
ach, but some straddle the cardio- 
esophageal junction and a few are 
located in the esophagus. Most lacer- 
ations are single but they may be 
multiple, as in two of our patients, in 
which case they are arranged circum- 
ferentially. Freeark and associates?’ 
have previously reported a case in 
which the tear extended to the serosa 
of the stomach as in our case 5. The 
visible subserosal hemorrhage per- 
mits rapid diagnosis upon inspection 
of the exterior of the stomach. 
McVay* has recently reported a case 
of combined gastric laceration and 
esophageal rupture. 

In reviewing the literature, 
Weaver and associates’ found a high 
proportion of associated intraabdomi- 
nal conditions with the Mallory-Weiss 
syndrome. Twelve percent of the pa- 
tients had gastritis as in our case 6. 
Dagradi et al” reported 30 patients 
with Mallory-Weiss syndrome, all of 
whom had an associated hiatus her- 
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Medical management, including 
blood transfusions, has proved ade- 
quate in many patients with the Mal- 
 lory-Weiss syzdrome.*” Intravenous 
vasopressin was us2d successfully in 

one instance.* | 

-Although seme patients have been 
successfully treated by tamponade 
with the gastrc balloon of a Sengsta- 
ken-Blakemors tube,’ this method of 
management fas feiled to arrest the 
bleeding in mest instances.’ It is 
thought that tae pressure of the bal- 
loon is insuffic=nt to control the arte- 
rial type of bleeding. 
_ Surgical im@ervention is required 
when bleeding is massive, continuous 
over several bours, or recurrent. If 
the stomach znd duodenum appear 
normal at the time of exploration, a 
generous incisn is made in the ante- 
rior wall of the stomach. A thorough 
inspection of the gastric mucosa is 
mandatory. If bleeding is extensive 
and the source-of hemorrhage not ap- 
parent, the mic portion of the stomach 
can be packed in order to determine 
whether the bizeding is above or be- 
low that lesel.” A sterile sig- 
moidoscope can be utilized to examine 
the lower esopnagus.* Since mucosal 
folds in the cardia cen obscure a lacer- 
ation, the gast~ic wall may be evagi- 
nated through the gastrotomy as de- 
scribed by Starzl and Sanders.” Once 
the laceratiom or lacerations are lo- 
cated, they are simply oversewn with 
a running chremic catgut suture. 

In most.of the early reports of this 
syndrome, the-diagnosis was made at 
autopsy. With mcreesed awareness of 
the entity, the mortality has steadily 
decreased. In tne review by Holmes,’ 
the operative mortality was 20%, 
whereas in the subsequent report by 
Weaver et al, the operative death 
rate dropped te 10% while the mortal- 
ity with medical treatment was 14%. 
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Thorough examination of the gastric 
mucosa cannot be overemphasized, 
since overlooked multiple lacerations 
have resulted in death and reopera- 
tions.** Wells’ described the first pa- 
tient to experience surgically docu- 
mented recurrence of the Mallory- 
Weiss lesion. 
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Kidney Donor Selection by 
Sodium Pertechnetate Te 99m Flow Patterns 


Luis H. Toledo-Pereyra, MD; Marvin E. Goldberg, MD; Richard A. Ponto; John S. Najarian, MD, Minneapolis 


The pretransplantation viability of 28 dog 
kidneys was evaluated by sodium pertechne- 
tate Tc 99m flow patterns during perfusion 
and preservation, in different experimentally 
damaged groups (warm ischemia, poor per- 
fusate, vessel occlusion, and high tempera- 
ture). The sodium pertechnetate Tc 99m test 
is a simple and noninvasive procedure. It 
clearly revealed the regional vascular distri- 
bution with segmental defects, but it was 
not a reliable indicator of viability in kidneys 
that had received warm ischemic damage 
prior to perfusion. 


he present tests for assessing 
organ viability do not allow a 
definite in vitro evaluation of the kid- 
ney. The detection of any damage 
during perfusion and preservation 
might prove of value in eliminating 
kidneys not suitable for transplanta- 
tion. A radioisotope renal study is an 
easy, simple, and noninvasive proce- 
dure that could prove to be an effec- 
tive means for such an evaluation. 
This study was designed to deter- 
mine the feasibility of utilizing so- 
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dium pertechnetate Tc 99m renal 
scans and flow patterns to ascertain 
organ viability. 


Material and Methods 


Twenty-eight adult mongrel dogs weigh- 
ing 15 to 24 kg were anesthetized with 
methohexital sodium for induccion and 
with halothane for maintenance Unilat- 
eral nephrectomies were performed, and 
each kidney was flushed with ccld (4 C), 
heparinized Ringer lactate until the venous 
effluent was clear. The kidneys were pre- 
served for 24 hours by perfusion.' This sys- 
tem was primed immediately prpr to use 
with 700 ml of cryoprecipitated plasma 
prepared according to the usual methods.’ 
The temperature was set at 7 C and the 
gas mixtures were adjusted to a pH of 7.4. 
After the kidneys were placed in the cir- 
cuit, the pulse rate was fixed at 60 beats 
per minute, and the blood pressure was 
maintained at 60 mm Hg. Pressure and 
flow readings were noted initially and then 
at 1, 2, 6, 12, and 24 hours. Osmolarity and 
concentrations of sodium, potassium, and 
lactic dehydrogenase (LDH) were mea- 
sured initially and immediately prior to re- 
moval o? the kidneys. Blood gas values 
were determined at frequent in<ervals to 
ensure equilibrium. After two hours of 
perfusion, the pump was turned off mo- 
mentarily while 10 millicuries cf sodium 
pertechnetate Tc 99m was injected into the 
main renal artery, thereby achieving a 
bolus injection of the tracer material when 


the pump was reactivated. Recirculation 
was not allowed. The flow of tracer mate- 
rial through the isolated kidney was moni- 
tored by a scintillation camera equipped 
with a low-energy pinhole collimator. The 
output data of the camera was stored in a 
small computer. A frame rate of 4/sec was 
utilized during the collection of data and 
was continued for 45 seconds. By means of 
electronically placed regions of interest, 
time-activity curves were generated from 
the region of the renal artery (to assess the 
shape of the bolus) and from the parenchy- 
mal region of the kidney. 

Four hours after beginning perfusion, a 
routine renal angiogram with 10 ml of so- 
dium acetate and diatrizoate meglumine 
was obtained. 

Following preservation, the kidney was 
reimplanted in the left iliac fossa of its 
original host, and the contralateral kidney 
was removed. Routine postoperative care 
was given until death or killing. The re- 
sults were considered good when a dog sur- 
vived more than 20 days. Good kidney 
function was related to normal creatinine 
levels (0.8 to 2.0 mg 100 ml), and poor func- 
tion was always related to higher values. 
Biopsy specimens were taken from the 
preserved kidneys after revascularizations, 
and postmortem examinations were per- 
formed in all cases. Seven groups of four 
kidneys each were studied: (1) control; 
warm ischemic damage for 20, 60, and 90 
minutes; (2) poor perfusate (Ringer lactate 
solution); (3) specific vascular occlusion; 
and (4) changes of temperature (25 C). 
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Fig 1.—Sodium pertechnetate Tc 99m 
stucy in a normel camine kidney. Selected 
frames show unrform distribution of radio- 
activity through -idnev. 


Resalts 


The distribution of sodium per- 
technetate Te 99m through the kid- 
ney was uniform ard continuous as il- 
lustrated in ome of the control group 
kidneys (Fig 1). The time-activity 
curve showed = rapid rise followed by 
a moderately rapid descent. The renal 
arteriogram showed a normal vascu- 
lar pattern (Fiz 2). The pulsatile flow 
was 2.02+05 ml/min/gm, and the 
pressure was 55 +55 mm Hg. The 
concentrations of LDH, electrolytes, 
and blood gases were within normal 
limits. The er=atinine level, 48 hours 
after implartation, was 25+0.8 
mg/100 ml. Alof the dogs in the con- 
trol group survivec. 

Warm Ischemic Damage Groups.— 
The group with 20-minute warm is- 
chemic damage did not show signifi- 
cant changes in distribution, flow 
pattern, or n adpearance of the 
arteriogram wher compared with 
that of the control zroup. There was a 
discrepancy between the appearance 
of the arteriezram, and the sodium 
pertechnetate Te 99m flow pattern in 
two of four mstentves; the arterio- 
gram was abmorma! im the face of a 
normal activizy curve. The other kid- 
neys had laboratory results compat- 
ible with normal values. The creati- 
nine levels, 48 hours postimplantation, 
were 3.5 +1& mg,100 ml. All of the 
dogs in this group survived. 

The group with 60-minute warm is- 
chemie damage generally had a poor 
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Fig 2—Close-up view of Fig 1 normal kidney with a flow of 2.0 ml/min/gm. Left, Renal an- 
giogram shows uniform and well-defined vascular pattern. Middle panel shows curve of ac- 
tivity of renal artery and kidney. First part of arterial curve is superimposed on kidney curve. 
Right, Radioisotope renal scan with uniform distribution at 1.5-second frame. 





Fig 3.—Sixty-minute warm ischemic kidney. Pulsatile flow 0.3 ml/min/gm. Left, Renal ar- 
teriogram exhibits abnormal vascular pattern with poor perfusion of upper pole and vaso- 
constriction. In middle panel, upper curve represents activity of lower pole, lower curve ac- 
tivity o* upper pole. Next image shows poor distribution of radioactivity. This pattern agrees 
with angiogram. 


correlation between the flow pattern 
and the arteriogram. The activity 
curves from two of four kidneys were 
normal, and the arteriograms were 
grossly abnormal. Figure 3 illustrates 
the appearance of an abnormal arte- 
riogram and an abnormal flow pat- 
tern in one of these kidneys. The flow 
was 0.6 +0.3 ml/min/gm, and the 
pressure was 80 + 10.5 mm Hg. Val- 
ues included LDH, 145 + 55 units/100 
ml; sadium, 135 + 6.5 mEq/liter; and 
potassium, 5.5 + 1.8 mEq/liter; there 
was moderate acidosis in the blood 
gases. The creatinine levels, 48 hours 
after implantation, were 8522.5 
mg/100 ml. Only 25% of these dogs 
survived. 

The group with 90-minute warm is- 
chemi damage showed a definitely 
abnormal radioisotope pattern. The 
correlation between the results of the 
radiologic studies and renal scan was 
poor. There was also a poor correla- 
tion between kidney flow patterns 
and arteriograms. The flow was 
0.6+).4 ml/min/gm, and pressure 


was 85+10.5 mm Hg. The findings 
from LDH, electrolyte, osmolarity, 
and blood gas studies were markedly 
abnormal. None of these dogs sur- 
vived. 

Poor Perfusate Group (Ringer Lac- 
tate).—The radionuclide uptake and 
flow patterns were poor in the group 
perfused with Ringer lactate. There 
was good correlation, however, with 
renal angiographic findings that re- 
vealed severe, cortical ischemia and 
generalized vasoconstriction. The 
flow was 0.4+0.12 ml/min/gm, and 
the pressure was 70+5.5 mm Hg. 
The rest of the laboratory results 
were abnormal. None of these kid- 
neys was viable, and none survived 
after autografting. 

Vascular Occlusion Group.—There 
was a good correlation between the 
radioisotope renal scan and results of 
the angiographic study. The flow pat- 
tern was variable and depended on 
the percentage and severity of the oc- 
clusion. The flow was 122+0.5 
ml/min/gm, and the pressure was 
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* 7048.5 mm Hg. Findings from the 
rest of the studies were practically 
within normal limits in three of four 
kidneys. The creatinine levels were 
between 3.541.5 mg/100 ml, 48 
hours after implantation. Fifty per- 
cent of these dogs survived with vi- 
able grafts. 

Change of Temperature Group (25 
C).—A delayed and diminished radio- 
nuclide uptake was characteristic in 
the group that received temperature 
changes up to 25 C. The radioisotope 
renal scan revealed a poor uptake, 
and the radioisotope flow pattern 
showed a slow accumulation. The re- 
nal angiogram demonstrated a poor 
generalized vascular pattern with 
vasoconstriction and. cortical is- 
chemia. The flow was 1.0 0.4 
ml/min/gm, and pressure was 
75 +5.5 mm Hg. Results from the 
other studies were definitely abnor- 
mal. The creatinine values were 
8.0 + 2.5 mg/100 ml, 48 hours after 
implantation. None of these kidneys 
was viable after autografting. 


Comment 


There is no single, reliable method 
to determine kidney viability, but 
certain factors should be considered 
when evaluating kidneys before 
transplantation: (1) surgical trauma, 
(2) warm ischemic damage, (3) type of 
perfusate, (4) physical changes (color, 
consistency, flow, and pressure), and 
(5) chemical determinations (LDH, 
electrolytes, osmolarity, pH, oxygen 
pressure, and arterial carbon dioxide 
pressure). Although, the decision for 
further transplantation is often made 
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on the basis of the pulsatile fiow val- 
ues, there is no specific test to show a 
consistent correlation between warm 
ischemic damage and surviva . 

Preliminary observation? revealed 
that all experimental vascular in- 
juries, and 70% of the hypothermic 
lesions due to prolonged immersion of 
the kidney on saline slush or contact 
with carbon dioxide snow, have been 
found by radionuclide angicgraphy 
during perfusion preservation. How- 
ever, other studies’ demonstrated 
that serial krypton clathrate Kr 85 
washout curves were not helpful in 
assessing hypothermic perfusion 
techniques. 

In this study with sodium pertechne- 
tate Tc 99m, it was possible te detect 
kidney damage produced experimen- 
tally by warm ischemia, poor perfu- 
sate, vascular occlusion, and high 
temperature. However, there were no 
consistent results among the differ- 
ent stages of warm ischemia. Besides, 
it was not feasible to determine the 
quality of damage. The lack of con- 
sistency in the groups with warm is- 
chemia was not well understoed even 
with variable damage, ie, 20, 60, and 
90 minutes of warm ischemia. The 


best results were observed in the ves- | 


sel-occluded group, where 100% of the 
cases were visualized, even lesions 
that were radiologically difficult to 
observe. However, in one 2zircum- 
stance, it was possible to visualize the 
occluded area only with a lateral re- 
nal scan view. The usual type of le- 
sion observed in these groups was a 
slow flow pattern and delayed and di- 
minished radionuclide clearance. An 


acceptable correlation was observed 
in the groups with poor perfusate and 
change of temperature. 

The results of this radioisotope 
technique indicate that (1) it is an 
easy and simple procedure, (2) ste- 
rility is maintained, (3) it is a non- 
invasive technique, (4) regional vas- 
cular distribution with segmental 
defects can be identified, (5) it per- 
mits semiquantitative analysis, (6) a 
good correlation is observed in the 
vessel-occluded group, (7) a poor cor- 
relation is observed in the groups 
with warm ischemia, and (8) it is not 
possible to determine the quality of 
damage. 


This investigation was supported by Public 
Health Service research grant 5-PO2-AM13083. 
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Survival.—All six dogs in group 3 
died within two days (2.8 # 1.5 days. 
Hemorrhagic necrosis was the asual 
cause of death in these poorly per- 
fused small bowels. Transplantetien 
after 24 hours of perfusion mMgrcup 1 
and group 2 resulted in viabE trars- 
planted small intestines { >20 days 
survival). In group 1, dog ‘survival 
reached 30 + 4.5 days anc in group 2, 
25 +6.2 days. The main causes of 
death were cachexia, imtestine] 3b- 
struction, and rejection. Initial six- 
hour Collins preservation tolowed by 
perfusion for 18 hours (group 4) 
showed survival of 20.5 +6.2 days. 
Causes of death were the same ob- 
served for groups 1 and 2. 

It was found that groups 1 and 2 
showed a return to nermel smal. 
bowel function (xylose) within three 
weeks after transplantation (Figure), 
whereas group 4 smal! bowel function 
did not return to normal values. 
There were no recorded determina- 
tions in group 3 where all dogs died 
before any examination was per- 
formed. 


mg/100 ml, Mean Values + SE 





30 60 120 180 240 300 


Minutes 


Xylose absorption pattern posttransplantation. Pentose is plotted against time of sample 
collections. Weekly determinations reflect gradual recovery of intestinal function, obtaining 
low normal values three weeks after grafting. Normal curve was observed at four weeks 
posttransplantation. 


(7.5 + 1.2 mg/100 ml), and significant 
differences were observed between 
groups 1 and 3 (P<.05). The blood gas 
levels were maintained within normal 
limits. The oxygen consumption at 24 


hours for the small intestine con- 
tinuously perfused was 1.3 + 0.07 
ml/min/100 gm; however, significant 
differences were observed between 
groups 1 and 3 (P<.05). 


Clinical differences between groups 
were not striking. Anorexic and 
diarrhea were commenly present in 
most of the dogs. The weignt de- 


creased gradually to values a: three 


Selected Literature on Experimental Smal! Bowe! Preservation 


% Organ Time, hr 
Entire 5 


Results 
Successful 


implertation 
Autotsans dlantation 


Author, yr Perfusate 


Lillehei et al" 
(1959) 

Lyons et al” 
(1965) 


System 


Hypothermia (5C) None 


Functional No 
study 


Partial ileum 48 
(20 cm) 


Hypothermia (4C) None 
& hyperbaric 
oxygen (7.9 atm) 

Hypothermia (4C), 
hyperbaric oxy- 
gen (7.9 atm) & 
chlorpromazine 

Normothermia 
pulsatile & 
nonpulsatile 

Normothermia 
perfusion 


Autotransplantec 
in neck 


Partial ileum 
(25 cm) 


Good (4-day 
survival) 


Eyal et al” None 


(1965) 


Pulsatile; viable No 
for 18 hr; non- 
pulsatile 6 hr 


Successful 


Partial ileum 
(5 feet) 


Austen & Whole blood 
McLaughlin® 
(1965) 
lijima & 
Salermo’ 
(1967) 
Kavin et al" 
(1967) 
Hohenleitner & 
Senior’ 
(1969) 
Alican et al” 
(1971) 


Entire Autətramsp antation 


Heparinized 
Ringer lactate 
blood 


Heparinized Entire Functional study No 


bovine blood 

Erythrocyte solution 
PVP* & low-molecular- 
weight dextran 


Homologous 
serum 


Normothermic 
nonpulsatile 
Normothermic 
nonpulsatile 
perfusion 
Hypothermic 
(9C) pulsatile 
perfusion 
Hypothermia (4C) 
& hyperbaric 
oxygen (4 atm) 


Entire Functional study No 


Inadequate Altotransplantation 
storage; only 
few hr survival 
Beyond 12 hr no No 
acceptable viability 
measurements 


Entire 


Ruiz et al’ Whole blood Entire 


(1971) 





* PVP signifies polyvynil pirrolidone. 
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Small Bowel Preservation 


Comparison of Perfusion anc Nonperfusion Systems 


Luis H. Toledo-Pereyra, MD, John S. Najarian, MD, Minneapolis 


Twenty-four canine small bowels were 
used to compare the different perfusion and 
nonperfusion systems previously studied in 
kidney preservation. Four systems were eval- 
uated: (a) two pulsatile perfusion systems 
(Mox-100 and Mox-300), (b) a nonperfusion 
technique (Collins method), and (c) a com- 
bined method (Collins method for 6 hours 
followed by pulsatile perfusion for 18 
hours). Final evaluation was determined by 
restoration of function in long-term (> 20 
days) small bowel transplant survivors. All 
the dogs receiving an allotransplant of bow- 
els continuously perfused were long-term 
survivors. Causes of death were related to 
cachexia, obstruction, or rejection. The ani- 
mals receiving nonperfused bowels devel- 
oped hemorrhagic necrosis and died 2.8 
+ 1.2 days after transplantation. 


t the present time there is no 
small bewel preservation tech- 
nique suitable for clinical application 
and the literature offers conflicting 
data on the experimental systems al- 
ready used. The development of sys- 
tems for extracorporeal preservation 
of the small bowel will permit the uti- 
lization of this organ for future ca- 
daver transplantation. Therefore, we 
have made several experimental at- 
tempts to obtain a reliable compari- 
son of the different perfusion and 
nonperfusion systems previously stud- 
ied in kidney preservation. 


Material and Methods 


Experimental Mbodel.—Twenty-four ca- 
nine small bowels preserved for 24 hours 
were divided in four groups of six small 
bowels each. Two commercially available 
pulsatile perfusion systems (group 1, Mox- 
100 and group 2, Mox-300)'" were com- 
pared with each other and with a non- 
perfusion technique (group 3, Collins 
method).* Group 4 utilized a combination of 
six hours hypothermia at 4 C by the Collins 
method followed by 18 hours of pulsatile 
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perfusion. Final evaluation was based on 
restoration of function in long-term (> 20 
days) small bowel transplant survivors. 

Operative Technique.—Adult mongrel 
dogs of either sex weighing between 15 
and 24 kg were anesthetized with meth- 
ohexital sodium for induction and halo- 
thane for maintenance. The entire small 
bowel from the third portion of the duode- 
num to the ileocecal valve was resected. 
The superior mesenterie artery was can- 
nulated and the small intestine of groups 1 
and 2 was flushed with a cold (4 C) Ringer 
_actate solution containing heparin sodium 
(10,000 units/liter) and procaine hydrochlo- 
ride (1 gm/liter) until the venous effluent 
was clear. The small bowel of groups 3 and 
4 was flushed with 300 ml of C4 Collins so- 
lution (4 C) containing Mg SO,, 50% glu- 
cese, methylprednisolone, and chlorproma- 
zine. The small bowel was then preserved 
either by pulsatile perfusion (groups 1 and 
2) nonperfusion (group 3), or a combined 
system (group 4). 

Following preservation the entire small 
intestine was transplanted orthotopically 
into an unrelated dog, according to stan- 
dard techniques.‘ Neither the donor nor 
the recipient dogs were allowed to have 
food; they were given fluids orally for five 
days prior to surgery. Kanamycin sulfate, 
500 mg, and neomycin sulfate, 1.0 gm, 
wer= administered orally three times a day 
for four days. Following transplantation, 
azathioprine 2.5 mg/kg/day was given in- 
travenously until death. Hypertonic glu- 
cose (10%) and albumin (25 mg/100 ml) so- 
lutions were given intravenously each day 
for one week according to the clinical state 
of hydration. Chloramphenieol, 500 mg, 
was given intravenously every eight hours 
and kanamycin, 500 mg, was given intra- 
muscularly every 12 hours for three days 
and then the dosage was decreased to once 
a day for one week. Oral feeding was be- 
gun by the seventh postoperative day. 

All animals were examined daily until 
death. Values for hemoglobin, hematocrit, 
white blood cell count, electrolytes, total 
proteins, albumin, and globulins were de- 
termined every other day for one week and 
once a week thereafter. The xylose absorp- 
tion test was performed at weekly inter- 
vals in ell dogs according to standard tech- 
niques.*° 

Postmortem examinations were per- 
formed on all dogs. 


Perfusion and Preservation Techniques.— 
The perfusion system (pH, 7.4; tempera- 
ture, 7 C, oxygen pressure, 200 mm Hg; 
pulse rate, 60 beats per minute; and perfu- 
sion pressure, 60 mm Hg) was primed with 
750 ml of cryoprecipitated plasma. The 
plasma was frozen, thawed, and filtered.° 
Prior to use, Mg SQ,, insulin, phenosul- 
fonphthalein (PSP), kanamycin, ampicil- 
lin trihydrate (Polycillin), methylpred- 
nisolone, and chlorpromazine were added. 
Flow rate, perfusion pressure, vascular re- 
sistance, fluid loss, weight gain, enzymes 
in the perfusate (lactic dehydrogenase, se- 
rum glutamic oxaloacetic transaminase, £- 
glucuronidase), lactic acid, and oxygen 
consumption during perfusion were noted 
initially and at 2, 6, 12, 18, and 24 hours. 
Xylose (10 gm in 100 ml of water) was in- 
fused into the cannulated proximal portion 
of the duodenum immediately after the - 
start of perfusion and then at 12 and 24 
hours. Perfusate xylose samples were 
taken at 30-minute intervals following ad- 
ministration. Intraluminal small bowel ex- 
cretion samples for determination of total 
protein, globulin, and electrolyte levels 
were collected every six hours. Small bow- 
els from group 3 were transferred to the 
perfusion system at 12-hour intervals to | 
obtain all perfusion determinations. 

Statistical Analysis.—Survival was ana- 
lyzed with the use of the x? method. Mean 
+ standard error of the mean was deter- 
mined in all preservation and postopera- 
tive results. Technical and preservation 
failures were eliminated from the results. 


Results 


Changes During Perfusion and Pres- 
ervation.—There were no significant 
differences in flow rate, perfusion 
pressure, and vascular resistance 
among the four groups of bowels. The 
24-hour fluid loss for groups 1 and 2 
was 1.4 + 0.2 liter, whereas for group 
3 it was 0.6 + 0.1 liter. The weight 
gain was 10 + 2.8% from the control 
in groups 1 and 2 and group 3 had 
7.5% + 2.5% increase: Group 4 showed 
values of fluid loss and weight gain 
similar to those of the first two 
groups of bowels. 

The enzyme values were slightly in- 
creased in group 3, which was not sig- 
nificant (P>.3) in comparison with 
groups 1 and 2. Similar results were 
obtained for sodium, potassium, lac- 
tic acid, and osmolarity. Moderately 
high values of xylose were observed 
at the end of the study in groups 
3 (10.5 + 2.5 mg/100 ml) and 4 
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weeks of 25% + £.8% trom tke control 
weight. No remain in weigh: was ob- 
served. Anemz and kypopreteinemia 
were constantly present. There were 
no other significant laboratory value 
_ differences. 


Camment 


The entire small bewel has been 
perfused suceessfully with heparin- 
ized Ringer lactate blood at normo- 
thermia during ‘ive hours.’ With pul- 
satile perfusien and whole klood at 37 
C the intestme was kept viable in 
vitro for 18 hears.* When nonpulsatile 
flow was usec, the small bowel sur- 
vived only six hours. In 1969, Hohen- 
leitner and Senior’ perfused the dogs’ 
entire small towel with either eryth- 
rocyte solutien or high-molecular- 
weight dextrem for five heurs. They 
obtained indirect sizns of viability. 
Two years later, Alican and associ- 
ates™ stored -wọ canine small bowel 
allografts for 24 heurs by continuous 
hypothermic 1cmolagous serum per- 
fusion at 9 C. Afterorthotopic trans- 
plantation the recipients cied within 
a few hours =rom less of fluid, electro- 
lytes, and pret2in. This phenomenon 
was interpreted as inadequate small 
bowel storag>. A selected review of 
experimental small bowel preserva- 
tion studies & presented in the Table. 

During perfusien, the flow, pres- 
sure, vascular resistance, weight 
gain, and fitic loss were acceptable 
measuremen s of viability. Perfusate 
oxygen consamption and enzymatic 
changes were vood indicators of via- 
bility during preservation also. These 
perfusion characteristics were con- 
firmed with long-term transplant 
survivors. The association of hypo- 
thermia, omygenation, stable pH, 
cryoprecipiteted >lasma, and pulsa- 
tile perfusien were the main factors 
in the restits ebtained with this 
method. The perfused groups yield a 
more consisi2rt outcome than storage 
in eleetrolyt2 solution alcne, at least 
when 24-hour preservation is used. 
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The use of combined methods of pres- 
ervation did not improve survival 
when compared to the perfused bowel 
groups. Significant differences were 
noted, however, between the Collins 
group and the combined technique. 
These results suggest that initial 
pulsatile perfusion may be the most 
satisfactory means of prolonged pres- 
ervation available even for trans- 
portation. Similar results have been 
reported by Santiago and associates,’ 
when they analyzed the same tech- 
niques for renal preservation. 

Although the xylose tolerance ab- 
sorption test showed consistent re- 
sults, its ability to predict small bowel 
viability was questioned. This doubt 
was based mainly on the allowance 
for this pentose to circulate freely 
during perfusion. High concentra- 
tions of xylose might be the conse- 
quence of damage to the small intes- 
tine cell membrane and impairment 
of the active mechanism of transport 
for this pentose. 

Hemorrhagic necrosis was a con- 
sistent finding in the poorly perfused 
bowels, while in the well-preserved 


organs there was no evidence of 


edema, hemorrhage, or ischemic areas 
after allografting. Long-term allo- 
graft survival was achieved in the 
successfully preserved bowels. How- 
ever, the rejection process appeared 
several weeks after transplantation. 

The results obtained with the per- 
fused bowels gives an encouraging 
basis for further work in small bowel 
allotransplantation. The use of immu- 
nosuppressive drugs during perfusion 
may result in longer periods of small 
bowel survival and would permit the 
possible use of such a system for fu- 
ture clinical application. 

This investigation was supported by Public 


Health Service research grant 5-PO2-AM 13083- 
D4. 


Nonproprietary Names 
and Trademarks of Drugs 


Methohexital sodium—Brevital Sodium. 
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Chlorpromazine—Thorazine. 
Azathioprine.—/muran. 
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Life-Sustaining 
Canine Hepatic Autotransplants 


Ricardo J. Lavarello, MD; David W. Kinne, MD; Dong K. Kim, MD; 
Andrew G. Huvos, MD; Joseph G. Fortner, MD, New York 


Partial hepatic autotransplantation of the 
left lobes in dogs was performed with hepa- 
tectomy of the remaining lobes at either a 
staged (group 1) or simultaneous (group 2) 
procedure. Direct portal flow was estab- 
lished in group 2 dogs only. Values of post- 
operative liver function tests returned 
toward normal rapidly in group 2 animals 
but were abnormal in group 1 dogs until re- 
section of the right lobes, handicapped by 
arterial and bile duct ligation at the second 
stage. Technetium Tc 99m liver scans and 
arteriograms demonstrated increasing size 
of the autotransplants in both groups, but at 
autopsy two months later, the weights and 
histological patterns indicated greater re- 
generation in group 2 than in group 1 dogs. 

Life-sustaining capability of autotrans- 
planted liver lobes was established in dogs. 
There are possible clinical applications of 
these results, especially in patients with 
extrahepatic bile duct cancer. 


hrough application of the iso- 
lation-hypothermic perfusion 
technique,'* removal of otherwise 
nonresectable liver tumors has be- 
come possible with low morbidity and 
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mortality. This has given new im- 


petus to the surgical treatment of pri- 
mary and metastatic cancer in this 
organ. Even so, cancer in the hilum of 
the liver remains difficult to excise 
completely, although large portions of 
the liver may be clinically uninvolved. 
Resection in many instances has led 
to fatal coagulopathy or incomplete 
removal of the tumor. Transposition 
of an uninvolved hepatic lobe prior to 
resection of the cancerous liver might 
permit more adequate removal of the 
cancer at a second stage and avoid fa- 
tal coagulopathy. 

Partial hepatic autografts to vari- 
ous heterotopic sites have been done 
experimentally.” These studies fo- 
cused on hepatic regeneration so that 
part of the liver was left undisturbed 
or intentionally handicapped. Under 
these circumstances, evaluation of the 
autograft’s capabilities to sustain life 
was impossible. The present study 
was undertaken to provide this data. 


Materials and Methods 


Mongrel dogs weighing between 18 and 
21 kg were used. After fasting for 24 
hours, they were anesthetized with in- 
travenously administered pentobarbital 
sodium and maintained on a regimen of 
thiopental sodium. Respiration was as- 
sisted with the use of a respirator. The 
central venous pressure, arterial pressure, 
and temperature were monitored. The ani- 
mals were divided into two groups of four 


dogs each. 

Group 1 (Two-Stage Procedure).—At lap- 
arotomy, the right hepatic bile duct and 
the cystic duct were tied, and arterial 
branches supplying the right and middle 
lobes were ligated and divided. The left 
branch of the portal vein was ligated and a 
catheter inserted distally toward the liver. 
The left hepatic vein was divided and the 
caval side was closed. After clamping the 
hepatic artery, the left branch of the por- 
tal vein was perfused with Ringer lactate 
solution chilled to 4 C, and perfusate ran 
freely through the divided hepatic vein. 
Liver tissue between the left lebes and the 
middle lobes was divided, after the vascu- 
lar bundle between lobes was ligated. In 
order to mobilize the left lobes, a clamp 
was placed across the papillary process of 
the caudate lobe parallel and to the left of 
the inferior vena cava. By cutting over this 
clamp, the left lobes with a portion of the 
caudate lobe attached to them were now 
mobilized. They remained attached by a 
pedicle composed of the hepatie artery and 
the common bile duct. That portion of the 
papillary process of the caudate lobe ad- 
herent to the pedicle was now carefully ex- 
cised. The middle lobes were removed, and 
the corresponding hepatic veins tied. All 
resected portions of liver tissue were 
weighed after removal. The left lobes, ro- 
tated 180° on the longitudinal axis, were 
placed in the right paracolic gutter. The 
hepatic vein of the graft was anastomosed 
end-to-side with the inferior vena cava be- 
low the level of the renal veins. The stump 
of the left branch of the portal vein was li- 
gated after removing the perfusion cathe- 
ter. Clamps in the inferior vena cava and 
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Stage 1 


Middle Lobes 
Removed 


Stage 2 


Fig 1.—Two-stage procedure in group 1 dogs. 





hepatic artery were mow released with im- 
. mediate revaseularization of the grafted 
lobes. This is reoresented as stage 1 in Fig 
1. Thus, the rmemainmg right lobes were 
handicapped in that mo hepatic artery sup- 
ply or bile drammage was present. However, 
the transplanted left lobes had no portal 
venous supply. 

After a one—o-four week interval, the 
dogs underwerm exploratory operation. A 
portacaval shunt was performed after 
which the remeining right lobes were ex- 
cised (Fig 1, stage 2). The resected lobes 
were weighed. 

Group 2 (Single-Stage Procedure).—These 
animals underwent aatotransplantation of 
the left lobes including removal of the 
right and central lobes in a single oper- 
ation. In addition, the left branch of the 
portal vein œ the grafted lobes was 
anastomosed e«1d-toside to the superior 
mesenteric veit. This provided these lobes 
with complete revaseularization including 
portal blood as represented in Fig 2. 

All animals in both groups had sequen- 
tial liver function determinations preoper- 
atively and pos-eperatively as well as com- 
plete blood cell count. blood urea nitrogen, 
and electrolyte valuations. Selective angi- 
ograms throug? retregrade catheterization 
of the femorsl artery were performed 
posteperatively with the use of 50% diatri- 
zoate meglumne at varying intervals. 
Technetium Te 99m liver scans were also 
obtained. At tm end.of two months, all of 
the surviving animals were killed. The 
grafted lobes were examined, weighed, 
and biopsies w2re made, 
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Results 


Kigat dogs, four in each group, sur- 
vived the two-month, postoperative 
study period, demonstrating that the 
autotransplanted left lobes of the 
liver were capable of sustaining life. 
However, the dogs in group 2 ap- 
peared healthier than the animals in 
group 1, who had had a two-stage pro- 
cedure but no portal venous supply to 
the autotransplants. 

Thirty-nine dogs underwent these 
procedures with the majority of 
deaths (50%) occurring early in the 
series due to hemorrhage from he- 
patic veins or outflow block. Death 
one te two months postoperatively in 
some group 1 dogs was due to abscess 
formation in the isolated right lobes. 
A 70% occlusion of hepatic vein-infe- 
rior vena caval anastomosis in the au- 
totramsplanted lobe accounted for 
death in one animal. 

Group 1.—The postoperative liver 
function tests, shown in Fig 3 (top) 
represent the average values of four 
dogs. Following the first stage, eleva- 
tion af the alkaline phosphatase, lac- 
tic dehydrogenase (LDH), and slight- 
ly elevated bilirubin values may reflect 
the damage done to the remaining 
right lobes, which had been subjected 
to ligation of the bile duct and he- 
patic artery. After removal of these 





Stage 1 


Fig 2.—Single-stage pro- 
cedure in group 2 dogs. 


right lobes (second procedure), a re- 
turn of these factors toward normal 
was noted. This occurred in spite of a 
lack of portal blood flow to the grafts. 


In the table, a comparison of me- 
dian body weights and the weights of 
liver lobes is listed for group 1, group 
2, and ten normal control dogs. An in- 
creased median weight of the right 
lobes in group 1 dogs was noted at the 
second procedure. Histological exami- 
nation of these right lobes showed 
bile duct proliferation and stasis and 
moderate vascular congestion with no 
evidence of liver cell regeneration. 
The significant loss in body weight in 
group 1 and group 2 dogs is simi- 
lar; however, the increased median 
weight at autopsy of the left lobes in 
both groups compared to control ani- 
mals was noteworthy. 


Technetium Te 99m liver scans 
were done serially and showed func- 
tioning right lobes and transplanted 
left lobes in group 1 dogs following 
the first stage. The left lobes in- 
creased in size following the second 
stage. 

Histological examination of the au- 
totransplanted left lobes removed at 
autopsy showed evidence of focal 
fatty infiltration in group 1 dogs (Fig 
4, left). There was no necrosis or bile 
duct stasis, and there was no substan- 


Autotransplants/Lavarello et al 879 


= is ks a 























147 S60[ 7 Hepatic Artery 
520 
12+ 480 
440 Second Procedure 
10+ 400 
360 Alkaline Phosphatase ; AN 
— 
8+ 320 . pe td — TR \ A 
280 x a \ s / ` 
6+ 240 a ie AON nae a a ena \ \ f 3 , 
e `~ » Lactic Dehydrogenase 
20} f ies v ` ias 
4 \ 
2 
0 
4 8 12 16 20 24 28 32 36 40 44 48 52 56 
Days 
Fig 3.—Top, Serum bilirubin, lactic dehydrogenase and alkaline phosphatase levels in 
group 1 dogs. Blood supply to autograft is listed as hepatic artery. Bottom, Same determina- — 
tions for group 2 dogs. Blood supply to autograft is listed as hepatic artery plus portal vein. 
14 560 Hepatic Artery Portal Vein 5,600 
13 520 5,200 
12 480 4,800 
11 440 4,400 
10 400 4,000 
9 360 3,600 
gk 320 A 3,200 
7 280 A i i 2,800 
e 240 n H i 2,400 
st oooh Ff N, iy Ce 2,000 
t; wat “sy 
4 160 y 1 / ss. 1,600 
y t “an 1,200 
3 120 d ir a Alkaline Phosphatase x 
2 80 Bilirubin TTT. i 
1 40 —.. Lactic Dehydrogenase Ce ORT os ee ee Tee 
4 8 1246 ©1900 BA BB BS Se hoi aR Ea: Aoa a G0 
Days 


tial liver cell regeneration noted. The 
slight, periportal lymphocytic infil- 
trate indicated a chronic inflamma- 
tory process. 

Group 2.—Results of the postopera- 
tive liver function tests (Fig 3, bot- 
tom) show essentially normal serum 
bilirubin and alkaline phosphatase 
levels, with an elevated LDH level 
that returned toward normal. These 
dogs appeared healthier and more ac- 
tive than group 1 animals, although 
the loss of body weight postopera- 
tively was comparable. However, the 
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median weight of the left lobes at 
autopsy (292 gm) was markedly in- 
creased over control animals (188 gm) 
and greater than in group 1 dogs (246 
gm). An example of this (Fig 5) shows 
the regenerated, intact left lobes in a 
group 2 cog at autopsy. 

The technetium Te 99m liver scans 
in this group showed the large left 
lobes, with some uptake in the spleen. 
Microscopic examination of the left 
lobes in this group (Fig 4, right) 
showed no evidence of fatty infil- 
tration of chronic inflammatory re- 


sponse. Some evidence of liver cell re- 
generation was present. 


Comment 


Experimental autotransplantation 
of vascularized organs (principally 
heart, intestine, liver, and kidney) 
has been reviewed recently.° The 
measurement of physiological, bio- 
chemical, and metabolic changes in- 
dependent of rejection phenomena 
has been.made possible through these 
techniques. In addition, clinical renal 
autotransplantation has been done 
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rig 4.—Left, Left lobe of liver ( 
ings, and lymphocytic infiltrate 
dog) without pathologic alterations. 


Fig 5.—Autctrensplarted left lobes at au- 
topsy (group . @g). 
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successfully and may have appli- 
cation in certa.m cases of renal artery 


stenosis. Exzerimental autotrans- 
plantation of the entire liver has 
proved more d fficult to perform tech- 
nically thar <lbotransplantation be- 
cause the vessels te be anastomosed 
are shorter.” There are relatively few 
reports on “t= ‘unetional and struc- 
tural alterations of ong-surviving he- 
patice autogrefts. Starzl et al” 
showed tha- canine livers examined 
histologically ~ #0 15 days after auto- 
transplanta-ien shewed no changes, 
but liver biopsy specimens obtained 
up to 17 months later, reported by 
Alican and Ha>dy,'' showed mild peri- 
cholangitis, vath acute inflammatory 
changes in te portal tracts. Liver 
function was sormal in these animals, 
and the hismbbgieal pattern was 
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thought to be due to reflux through 
the chcleeystoduodenostomy. Another 
study reported slight portal fibrosis 
seven months following canine he- 
patic autotransplantation.” 

Partial hepatic autotransplantation 
in dogs has been described by Sigel 
and Acevedo’ in a two-stage proce- 
dure, with an initial autotransplant 
of a small segment of liver to an in- 
testinal pedicle. Subsequent partial 
hepatectomy of the nontransplanted 
liver curtailed the usual graft at- 
rophy. Price et al described a 
technique for partial hepatic auto- 
transplantation with complete revas- 
cularization in dogs. Two groups were 
described but in both the auto- 
transplant was the two left lobes; the 
two right lobes were left in place with 
blood supply and bile drainage essen- 


Median Body Weight and Weight of Liver Lobes 


Des Fe ee ee 


Preopera- 
tively Autopsy 
Group 1 
(two-stage) 19 14 
Group 2 
(one-stage) 21 15 
Controls 17 





i 


group 1 dog) with focal fatty change, prominent vascular mark- 
(hematoxylin-eosin, x80). Right, Left lobe of liver (group 2 
Liver cell regeneration is noted (hematoxylin-eosin, X 80). 





Right Lobes, Middle Left Lobes, 
gm Lobes, gm gm 
260* 185t 2464 
190$ 150$ 292+ 
127¢ 122+ 188t 


tially intact, and the two central lobes 
were removed. Autotransplants re- 
ceiving direct portal blood flow dem- 
onstrated regeneration, whereas 
those receiving systemic venous blood 
underwent slow atrophy. The authors 
concluded that establishing portal 
blood inflow to the transplants, ini- 
tially shown by Marchioro et al’ as 
necessary for prevention of hetero- 
topic hepatic allograft atrophy, ac- 
counted for this difference. 

Van der Heyde and Schalm’ carried 
out autotransplantation of the left 
and central lobes in dogs, providing 
no portal flow to the transplant. The 
right lobes were handicapped by bile 
duct and hepatic artery ligation, and 
they felt the absence of atrophy seen 
in the transplanted lobes supported 
the concept of functional competi- 
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tion™ between the handicapped right 
lobes and the physiologically advan- 
taged left and central lobes. How- 
ever, they agreed that providing por- 
tal blood to the transplant was 
preferable if technically feasible. 

Autotransplantation of the left la- 
teral lobe to the neck was done in 
dogs by Sigel et al. Anastomoses of 
portal vein to carotid artery (cephalic 
end) and hepatic vein to jugular vein 
were constructed, and hepatic artery 
and bile duct were ligated. Alternate 
dogs underwent Eck fistula two to 
four weeks later, and, at the time of 
killing, these animals demonstrated 
less graft atrophy and greater DNA 
content than the grafts in dogs not 
undergoing Eck fistula. 

In all these models, liver lobes other 
than the autotransplant were left in 
place. No attempt was made to dem- 
onstrate life-supporting capability of 
the autotransplant. Our study was de- 
signed to establish this in a staged as 
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well as in a single procedure. Of note 
is the fact that dogs in group 1 sur- 
vived with an autotransplant receiv- 
ing no direct portal flow, confirming 
Van der Heyde’s and Schalm’s® obser- 
vation. However, the animals under- 
going a single procedure (group 2) ap- 
peared to do better than group 1 dogs, 
as evidenced by healthier, more active 
appearance, normal results frem liver 
function tests, greater net weight of 
the autotransplants at autopsy, and a 
more normal histological pattern. 
This is probably due to the bile stasis 
and low-grade inflammatory reaction 
in the right lobes in group 1 dogs, as 
well as to the direct portal blood sup- 
ply to the autotransplant in group 2 
dogs. Therefore, in these experi- 
ments, establishing functional com- 
petition in the staged procedure was 
less advantageous to the autotrans- 
plant than complete revascularization 
in a single stage. 

A possible application of this study 
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is in patients with extrahepatic and 
intrahepatic bile duct cancer, for cur- 
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done initially. After an appropriate 
time to allow for regeneration of this 
lobe, an extended right hepatic lobec- 
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pass the tumor. 
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Localized Tissue Destruction 


by High-Intensity Focused Ultrasound 


Charles A. Linke, MD: Edwin L. Carstensen, PhD; Leon A. Frizzell, MS; 
Ahmad Elbadawi, MD: Charlotte W. Fridd, Rochester, NY 


Rat liver and rabbit Iver and kidney were 
exposed to focused ultrasound of 312 w/sq 
cm (rat) and SO® w/sq cm (rabbit) by direct 
application of the ultrasound transducer to 
the surfaceof the organ exposed. A discrete, 
narrow, cylindrical zone of tissue necrosis to 
a depth of approximately 2 cm could be in- 
duced in the tissue exposed to the ul- 
trasound. Lesiers thus produced were well 
tolerated and tended to be resorbed over a 


n the treatment of solid tu- 
mors, lecel.zed thermal destruc- 
tion may im same cases offer advan- 
tages over sargical excision. These 
advantages include ease of accom- 
plishment, minimal manipulation, 
and possible improvement of the im- 
munologic re=istance of the host. 
Localized tssue destruction by 
electrocoaguiation is regularly used 
in treatment of localized, superficial 
bladder tumers.' Electrocoagulation 
of rectal carcinoma has been recom- 
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period of several weeks without evidence of 
hemorrhage, infection, or adverse systemic 
effect. in rabbit liver, a linear zone of necro- 
sis was induced by linear movement of the 
transducer. Development of the use of local 
high-intensity ultrasound may broaden the 
clinical scope of thermal destruction of can- 
cer beyond that accomplished by electroco- 
agulation or cryosurgery. 


mended by some authors for many 
years, and recent reports indicate re- 
newed interest in this method.’ Local- 
ized freezing of head and neck tu- 
mors, prostatic carcinoma,’ and 
metastatic lesions in bone’ have been 
reported. 

Tissue destruction beyond 1 em in 
depth is difficult to achieve by direct 
surfaee heating or by electrocoagula- 
tion. Insertion of multiple-needle 
electrodes into tissue for a guided 
electric field can achieve deeper pene- 
tration with better control of the di- 
rection of the effect, but this method 
has the disadvantage of tissue inva- 
siveness.’ Laser heating is precise, 
but tissue penetration by light is su- 
perficial. Microwave radiation can 
produce tissue destruction. How- 
ever, with microwaves it is necessary 
to saerifice localization of the energy 
to achieve depths of penetration 
greater than 1 cm. Localized freezing 


for tissue destruction is difficult to ad- 
minister precisely." 

The effect of focused ultrasound on 
brain has been studied extensively in 
animals and used clinically in surgical 
treatment of certain neurological dis- 
orders.” In the present study, it is our 
purpose to investigate the effect of 
high-intensity, focused ultrasound on 
liver and kidney in an attempt to de- 
termine its possible usefulness as a 
clinical tool for localized destruction 
of certain solid tumors. It should be 
noted that we are not postulating a 
selective effect of ultrasound on ma- 
lignant tissue as compared to normal 
tissue. Rather, it is proposed that ul- 
trasound may provide a useful combi- 
nation of localized radiation and 
depth of penetration to achieve con- 
trolled thermal destruction of tissue. 


Material 


The source of ultrasound for these ex- 
periments was a ceramic plate, 2.5 cm in 
diameter, with sufficient thickness to reso- 
nate at 2 MHz. The transducer element 
was adhered with epoxy resin to the plane 
surface of an aluminum lens with a focal 
length of approximately 5 cm. For conve- 
nience, coupling between the transducer 
and medium was provided by a water- 
filled aluminum cone with a plastic film 
window at the end so that the center of the 
focal region for the sound beam was ap- 
proximately 0.5 cm past the film window. 


N 
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900 w/sq cm) four days previously. Arrow indicates position and direction of transducer The effective cross-sectional area of the 
that was applied directly to surface of kidney. Thin zone of tissue necrosis is clearly seen sound beam at the focus was 0.082 sq cm. 
along course of ultrasound beam. The total power delivered by the trans- 
ducer was determined in each experiment 
with a radiation pressure balance. The 
peak intensity at the center of the focal re- 


gion could be calculated from the total 

Fig 2.—Change in size of lesion after exposure to ultrasound (900 w/sq cm for 15 sec- power measurement. If, for example, the 
onds). Mean volume (+ standard error) is given for six lesions in each time period except at total power delivered by the transducer 
one year when measurement of 16 lesions was made. was 32 w, the peak intensity at the center 


160 of the focal region would be 1:000 w/sq em. 
Exposure of Rabbit Kidney.—Rabbits were 

anesthetized with intravenously adminis- 

i 140 ~ tered pentobarbital after which the kidney 
: was mobilized and exteriorized through a 

flank incision. The film window of the 
transducer was applied directly to the ex- 
ternal surface of the kidney. The opposite 
surface of the kidney was submerged in 
tap water placed in a styrofoam cup. A to- 
tal acoustic power of 30 watts (approxi- 
mately 900 w/sq cm) was used. Exposure 


times of one eighth, one quarter, and one 
half minutes were used in four animals 
that were killed four days following the ex- 
posure. Exposure time of one quarter min- 
60 ute was made in 82 animals killed ten min- 
utes to one year following the exposure to 
the ultrasound. At the time of killing, the 
40 k volume of the lesions was caleulated from 
a measurement of the length of the lesion 
l and the diameter measured every 2 mm 
) TAR 


Volume, cu mm 
© 
O 


20 along the length of the lesion. Histologic 
sections were made and stained with 
hematoxylin-eosin. In three rabbits, the 
kidney was similarly exposed to the ul- 


i oO Ten Four Three Five Nine Four Six One trasound at the same intensity for periods 

€ minutes hours days weeks weeks months months year of one eighth, one quarter, and one half 

aS Time After Exposure minutes, but the posterior surface of the 
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Fig 3.—Cut section of rabbit kidney that 
had been supærted on moistened gauze 
placed underne=th side opposite to appli- 
cation of ultrassund beam. Broad zone of 
tissue necrosis noted at surface of kidney 
opposite to ultr= sound transducer. Arrow in- 
dicates position and direction of ultrasound 
transducer. Brasd zone of tissue necrosis is 
noted at surfac= of kidney opposite to that 
exposed to ultrasound transducer. 


kidney was placed om a moistened gauze 
sponge instead >f being submerged. These 
animals were Elled four days after expo- 
sure, and histelmgic sections were prepared 
similarly. 

Exposure ef Rat Liver.—Anesthetization 
was induced with pentobarbital sodium 
given intraper~ oneally, and a midline inci- 
sion was madem the ventral surface of the 
abdomen, expssing tae rat liver. For pro- 
tection of unserlying structures, a mois- 
tened gauze sponge was placed under the 
_ liver, and the film window of the trans- 
ducer was appaed directly to the anterior 
surface of the liver The tissue was ex- 
posed in 12 acimals for one minute at 2 
MHz with a teal power of 10 w (that is, fo- 
cal intensity -f approximately 312 w/sq 
em). Animals were killed three hours to 
four months ‘=ter, and the exposed livers 
were examined. Sagittal sections were 
made after fe-malin fixation, and micro- 
scopic section: were stained with hema- 
toxylin-eosin. 

Exposure @ Raboit Liver to Moving 
Source of Uitmssound—In three rabbits, the 
anterior surfze of the liver was directly 
exposed to tee film window of the ul- 
‘trasound transducer with 30 w total acous- 
tie power. Te avoid a posterior tissue-air 
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interface effect the liver was placed on a 
small, sealed, plastic water bag. The trans- 
ducer was moved in a vertical manner for 
a distanee of 3 em over a total time period 
of three quarters of a minute. These ani- 
mals were killed four days later, and histo- 
logic sections were obtained from the up- 
per, middle, and lower part of the exposed 
lobe of the liver. 


Results 


All animals tolerated the procedure 
well and remained in good condition 
throughout the period of observation. 
There was no instance of infection or 
hemorrhage at the site of ultrasound 
application. 

Rabbit Kidney.—The width of the le- 
sion was noted to spread laterally as 
the time of application increased (Fig 
1). A discrete, narrow, cylindrical 
zone of necrosis was induced. The 
junction between the necrotic and vi- 
able tissue was sharply defined. Fig- 
ure 2 illustrates the changes in size of 
the lesions occurring with increasing 
time after exposure. The lesion is 
noted to increase in size (or to become 
more apparent) up to three days, and 
then to decrease in size during the 
next several months. In lesions exam- 
ined several months after the time of 
exposure, the affected zone was re- 
placed by a thin fibrous scar. In many 
instances, there appeared to be a more 
pronounced effect of the ultrasound 
on the kidney cortex than on the kid- 
ney medulla. A detailed description of 
the histologic changes occurring with 
an inereasing time interval after ex- 


posure is the subject of a separate 


report. 

In those instances where gauze 
backing was used, evidence of exces- 
sive effect at the posterior tissue-air 
interface was noted (Fig 3). With the 
water backing, the effect of ul- 
trasound was seen to pass through 
the entire kidney in a much more 
evenly distributed manner. 

Rat Liver.—In all the animals in this 
series, the tissue had an air backing 
(moistened gauze). As a result, necro- 
sis occurred in a zone having a charac- 
teristic shape—the lesion at the poste- 
rior surface being wider than at the 
anterior surface. The lesion became 
sharply defined at 24 hours (Fig 4). In 
many animals, an area of secondary 
infarction was evident (Fig 5). In late 
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Fig 4.—Microscopic slides prepared from 
rat liver stained with hematoxylin-eosin. Sec- 
tions of liver were obtained three hours 
to four months following application of ul- 
trasound. Considerable resorption of ne- 
crotic tissue has occurred at four months. 
Adjacent tissue remains unaffected. 


lesions, a marked reabsorption of the 
destroyed tissue was noted. 

Rabbit Liver.—In the rabbit liver ex- 
posed to a moving source of ul- 
trasound, a discrete, linear zone of ne- 
crosis was noted extending the length 
of the course of the beam (Fig 6). 
While the zone of necrosis was gener- 


ally uniform, there was some narrow- 


ing of this zone noted around rela- 
tively large blood vessels. 


Comment 


Although nonthermal effects (eg, 
cavitation) of ultrasound on biological 
materials have been demonstrated, it 
appears reasonably certain that heat- 
ing is the dominant mechanism for 
the production of focal ultrasonic le- 
sions in tissues at intensities of less 
than 1,000 w/sq cm. As exposure 
time increases, the size of the lesion 
increases, presumably by diffusion of 
heat from the central region that is 
directly heated by absorption of 
sound. The physiological response to 
the affected tissue (minimal in- 


| 
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flammatory response and absorption 
of necrotic tissue) is similar to other 
thermally destroyed tissues. The nar- 
rowing of the zone of necrosis noted 
around relatively large blood vessels, 
in some instances, may be secondary 
to cooling by circulation through 
these vessels. 

In some instances, the renal me- 
dulla along the course of the ul- 
trasound beam seems to be less af- 
fected than the adjacent cortex on 
either side of the medulla. This may 
be explained by less absorption of the 
sound by the medullary tissue or by a 
greater resistance of the medullary 
tissue to the effects of the ultrasound. 
Further study is needed to identify 


ae 
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Fig 5.—Rat liver exposed to ultrasound one week (top, left and 


tissue. 


the cause of this differential effect 
upon different tissues within the 
same organ. 

Exaggeration of the destructive ef- 
fect of the ultrasound was noted at 
the posterior tissue interface in the 
rabbit kidney and rat liver experi- 
ments when moistened gauze was 
placed behind the tissue being ex- 
posed. Although the gauze was mois- 
tened, the multiple, small air spaces 
within the gauze probably result in 
this material having the acoustic 
properties similar to air. This exces- 
sive, localized heating of the tissue- 
air interface probably results from 
conversion of longitudinal to trans- 
verse waves when the sound strikes 


right) and eight weeks (bottom, left and right) previously. Resulting 
area of tissue necrosis is visible with anterior diameter (left, top and ` 
bottom) smaller than posterior diameter (right, top and bottom). In- 
farction of tissue is noted to extend lateral to the primary lesion £ar- 
rows). At eight weeks, considerable resorption of primary lesion and 
of infarcted tissue is noted. Adjacent tissue remains unaffected. 


Fig 6.—Rabbit liver following exposure to ultrasound: anterior 
(top, left), posterior (top, right). Transducer was moved in a linear 
fashion from a to c over a period of three quarters of a minute. 
Transverse sections of liver made at a, b, and c are shown below. 
Zone of tissue necrosis is clearly demarcated from adjacent normal 


an impedance discontinuity. If the 
transverse waves are very highly 
damped, almost all the energy in this 
mode would be converted into heat 
near the interface. Immersing the ex- 
posed tissue in a water bath or plac- 
ing a water bag beneath the exposed 
tissue eliminated this effect at the 
posterior interface. 

It has been demonstrated recently 
that the entire canine urinary blad- 
der can be caused to be absorbed fol- 
lowing marked hyperthermia induced 
by bladder irrigation.” Conduction 
heating of this form can be expected, 
however, to be effective only for su- 
perficial areas or for thin-walled 
structures. Conduction heating from 
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the surface of a solid organ or solid 
tumor is not desirable for deep heat- 

7 ing because of slow penetration of the 

Atissue heating. poor control of direc- 
tion of penetration, and excessive su- 
perficial heating occurring before ef- 
fective temperatures are achieved in 
the deeper tissues. Focusec high-in- 
tensity ultraseand, en the other hand, 
offers unique adventages for con- 
trolled, localized deep heatirg of solid 
organs or tumors. 

Certain experimental tumors’ and 
certain spontsneewly occurring tu- 
mors in man (most notably mela- 
noma)" appea> to Fave sensitivity to 
hyperthermia dver and above that of 
surrounding morma. tissue. 

Localized freezing of prostatic can- 
cer has been reported to result in in- 
stances of imprev2ment of distant 
metastatic lesions “rom the prostatic 
cancer. Neel et al have reported 
that freezing of experimertal mouse 
tumors causes increased resistance to 
subsequent challenge with further tu- 
mor whereas no such increase in re- 
sistance occurved fellowing clean sur- 
gical excision of -he tumors. Sobel 


1. Whitmore WF Jr: The treatment of 
bladder tumor. Su-g Clin North Am 
49:349-370, 196% 

2. Strauss A®, et ak Immunclogic resist- 
ance to carcinema produced electroco- 
> ation. Surg Gyneeol Obstet 121:989-996, 
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Remission of metastatic lesions following 
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treatment of selitary or multiple bone me- 
tastases from senal cell carcinoma. J Urol 
108:540-547, 1922. 

8. Lounsberry W, et al: The early histo- 
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and Patterson?! noted similar in- 
crease in resistance to subsequent 
challenge following electrocoagula- 
tion of tumors in mice. The possible 
increase in immunologic resistance 
caused by partial or complete destruc- 
tion of tumor by freezing or heating 
is of considerable interest in consid- 
ering the use of localized tissue de- 
struction as a form of treatment for 
human cancer. 

With both focused and unfocused 
sound fields available, and with multi- 
port exposure and patterned move- 
ment of transducers during treat- 
ment, it should be possible to achieve 
controlled destruction of tissue at a 
depth of several centimeters. Absorb- 
ing and reflecting materials are avail- 
able that can be used to shield adja- 
cent tissues from stray radiation. In 
the present study, the ultrasound was 
applied directly by surgical exposure 
of the organs to be treated. While ef- 
fects in deep tissue might be achieved 
with external positioning of the ul- 
trasound transducers, the effect of 
tissue interfaces (eg, between soft 
tissue and bone or between soft tissue 
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and gas-filled viscera) is likely to 
make the external approach to the 
use of high-intensity ultrasound diffi- 
cult and possibly hazardous. The de- 
gree of vascularity of tissue to be ex- 
posed likewise may be a factor in 
determining the effect of ultrasound 
on a given organ or tumer. Further 
careful investigation is clearly neces- 
sary before clinical application of 
high-intensity ultrasound is feasible. 
However, induced, localized hyper- 
thermia appears to have possible clin- 
ical usefulness in the treatment of se- 
lected patients with localized solid 
tumors. Because of this, we believe 
this application of focused ultrasound 
deserves further study. 
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Myocardial Function and Infarct Size 
After Experimental Myocardial Infarction 


Influence of Strenuous Exercise 


Bart M. Pasternak, MD; James R. Rae, MD; Charles W. Urschel, MD; Juan Serur, MD; 


F. Henry Ellis, Jr., MD, PhD, Boston 


Myocardial infarcts were produced by a 
standard technique in 13 dogs. The ten sur- 
vivors were divided into two groups of five 
each, one of which was subjected daily to 
four weeks of strenuous physical exercise, 
while the other group was kept at rest. At 
the end of the exercise period, the condi- 
tions of all dogs were evaluated by he- 
modynamic and pathologic studies. There 
were no significant differences in left ven- 
tricular end diastolic pressure, maximum 
contractile element velocity at O load, con- 
tractile element velocity at 10 mm Hg devel- 
oped pressure, maximum rate of increase of 
left ventricular pressure, infarct size, or 
thickness between the two groups. 


he time-honored practice of 

markedly restricting the activi- 
ties of patients with acute, uncompli- 
cated myocardial infarction is cur- 
rently being challenged. Clinical 
studies have presented evidence sug- 
gesting that patients treated by a 
program of prompt mobilization and 
early discharge from the hospital fare 
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no less well than those incarcerated 
as bed patients for prolonged peri- 
ods.'* Considered as a protection 
against the development of such com- 
plications as extension of the infarct 
and aneurysm formation, the concept 
of prolonged immobility of the pa- 
tient after infarction has, in retro- 
spect, been based on experimental 
work carried out more than 40 years 
ago in which dogs subjected to myo- 
cardial infarction were found to be 
susceptible to the development of 
ventricular aneurysms if expesed to 
strenuous physical activity.’ This ex- 
perimental evidence, coupled with 
other clinical impressions,’ governed 
the medical management of the pa- 
tient after infarction for many 
decades. 

Unconvineed by the early experi- 
mental data and armed with an ex- 
perimental method capable of produc- 
ing a stable chronic infarct of 
predictable size, we undertook to re- 
examine the influence of strenuous 
activity on the fate of animals sub- 
jected to myocardial infarction. 


Material and Methods 


Adult mongrel dogs varying in weight 
from 15 to 22 kg were employed in the 
study. Experimental myocardial infarction 
was performed by a technique previously 
described in detail by Pairolero and associ- 


ates.°’ Pentobarbital (Nembutal) sodium 
anesthesia given intravenously (30 mg/kg 
of body weight) and endotracheal ventila- 
tion were employed. 

The technique involved cannulation of 
the left anterior descending coronary ar- 
tery through a left thoracotomy in the 
fifth intercostal space. The site of cannula- 
tion was approximately 1.5 cm distal to the 
vessel’s origin in order to spare the septal 
and first diagonal branches. Myocardial in- 
farction was accomplished by the injection 
of a previously warmed solution of 1.5% 
agar, which solidified at body temperature. 
Potential collateral vessels from branches 
of the circumflex coronary artery and the 
right coronary artery were ligated to in- 
sure against revascularization of the 
infarcted area. The careful use of intrave- 
nously administered lidocaine and pro- 
pranolol hydrochloride by a program previ- 
ously outlined in detail by Lloyd-Jones et 
alè minimized the occurrence of post- 
infarction arrhythmias. Electrical conver- 
sion of ventricular fibrillation was required 
only once in the 13 dogs in which the exper- 
imental procedure was completed. 

Following experimental myocardial in- 
farction, the animals were randomized into 
two groups, one of which constituted the 
exercised group and the other the nonex- 
ercised group. The exercised group con- 
sisted of five dogs, each of which was exer- 
cised daily on a treadmill, beginning on the 
second postoperative day. The degree of 
exercise was progressively increased from 
two daily sessions of ten minutes each at a 
speed of 1 mph at a 10° inclination to 4.5 
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* mph at an inclimation of 20° by the fourth 
postoperative week. In addition, these dogs 
were allowed tc meve freely in a semi- 
opened enelosur= for four to six hours a 
day without beie confined to their cages. 

The nonexeresed group of dogs, on the 
other hand, wer: immediately confined to 
their cages after undergoing the experi- 
mental myoeardial nfarction and re- 
mained there ti-ougheut the study. Three 
of the original ive arimals in the nonex- 
ercised group died: ene died on the day af- 
ter operation, presumably of an arrhyth- 
mia, and twe echers died of pneumonia, 
two and three w2eks respectively after op- 
eration. These animals were replaced so as 
to have the same number (five) in both 
groups for finak=nalysis. Thus, a total of 13 
dogs ultimately underwent experimental 
myocardial irfa>ctien. 

After four weeks, hemodynamic and 
pathologic studs were carried out. This 
interval was se&cted since previous work 
has shown thatthe area of akinesia result- 
ing from experimental myocardial infarc- 
tion reaches stability after four weeks.’ 
Thereafter, no turther change in the size 
of the involve area occurs, suggesting 
that maximum recovery of borderline is- 
chemic zones has taken place. 


Techniques. of Evaluation 


Hemodynamie Stadies.-After four 
weeks, all dogs were submitted to identical 
hemodynamie exaluation under pentobarbi- 
tal anesthesia. Left ventricular pressure 
was measured with use of a manometer- 
tipped high fiċdity catheter. The rate of 
increase of left ventricular pressure was 
calculated, ustag an analogue differ- 
entiating circu wita a phase shift of 
90° + 1° to 15@ hertz. Contractile element 
velocity (Vce) was calaulated as dP/dt/kP,, 
where k equals 28 and P, equals the pres- 
sure above end-diasto ic pressure. The Vee’ 
was calculated r six consecutive beats at 
d-msec intervals and plotted vs P,. The 
data between 1) mm Hg and 70 mm Hg 
were then deser- bed by a least squares ex- 
ponential fit. From this equation, the value 
of Vce at P,=0 (Vmax) and P, = 10 
(Vce,,) could be caleulated.'” 

Pathologic Stadies.—After completion of 
the hemodynacric studies, the dogs were 
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Tabli= 1.—Hemodynamic Findings After Myocardial Infarction 


Exercise 


Mean + SD Mean + SD 
LVEDP, mm +g 122. = 6.9 ti 4* = 5.3 
Vmax, musce lengtns, sec ot. 1.5 TIBE . 3.37 
Vce,,, muscl= lengths, sec 5.14 = 1.15 444+ 1.1 
Max dP/dt. mm Hg;sec 4437.8 + 1461.4 4329.6 =+ 863.6 












No Exercise 





















killed, and the heart was removed for 
pathologic study. The extent and character 
of the scar were noted, and the left ven- 
tricular wall and ventricular septum were 
excised as one chamber. This chamber was 
opened by a longitudinal incision through 
the middle of the septum, and the opened 
specimen was pinned on graph paper. By 
multiple needle punctures through the en- 
tire thickness of the ventricular wall bor- 
dering the infarct, the area of the infarct 
was mapped on the underlying paper. The 
perimeter of the left ventricle and septum 
was similarly outlined, and the area of the 
infarct was recorded as a percentage of 
the total surface area of the left ventricle 
and septum. In addition, the thickness of 
the scar was measured at its thinnest 
point. 


Results 


With the exception of the three 
deaths mentioned previously, the 
dogs exhibited no clinical evidence of 
adverse effects of infarction. Specifi- 
cally, there was no evidence of cardiac 
failure. 

Hemodynamic Findings.—A sum- 
mary of the measured hemodynamic 
variabies is delineated in Table 1. No 
statistical difference existed between 
the two groups. In fact, all of the 
findings were well within the range 
of normal, there being no evidence of 
any impairment of myocardial func- 
tion at least as measured by these in- 
dexes with the animal in the resting 
state. 

Pathologic Findings.—-There was no 
evidence of congestive heart failure 
in the lungs of any of the dogs. Gross 
inspection of the hearts revealed an 
anterolateral scar in all but no evi- 
dence of aneurysm formation or bulges 
either externally or internally. On the 
endocardial surface, the scars had 
well-defined margins. Measurement 
and analysis of the scars by the 
method described above revealed no 
significant difference between the 
two groups in either the size or the 
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Table 2.—Characteristics of 
Myocardial Scar 


No 
Exercise Exercise 


r Tl a 
Mean + SD Mean + SD 
10 +3.6 i140 T49 





















Size, %* 
Thickness, 
cm 










0.54+0.1 0.50 0.3 


* Expressed as percent of total area of 
ventricular wall and septum. 


thickness of the scars (Table 2). 
Comment 


The time-honored insistence on 
avoidance of physical activity follow- 
ing an acute myocardial infarction 
was based on clinical and experimen- 
tal evidence that activity predisposed 
to some of the complications of myo- 
cardial infarction, notably the devel- 
opment of ventricular aneurysms. 
While it is now being recognized that 
such rigid restriction is not neces- 
sarily advisable, prompting clinicians 
to be more liberal in their recommen- 
dations for bed rest following myo- 
cardial infarction, there still remains 
no clear experimental basis either for 
the current trend toward early activ- 
ity or for the classical therapy of re- 
stricted activity. 

Much of the older beliefs concern- 


ing the need for restricted activities 


were based on the experimental work 
of Sutton and Davis, published in 
1931.* In this study, five animals un- 
derwent ligation of the anterior de- 
scending coronary artery. Four of 
these animals underwent a program 
of exercise beginning a day or two af- 
ter infarction, in two of which post- 
mortem examination revealed an out- 
pouching of the endocardium, and 
no true aneurysms were noted. The 
pathologic specimens were not illus- 
trated in the paper. The conclusions 
of the work stated that rest results in 
a small, firm scar while exercise 
caused thin bulging scars. On this 
basis, marked restrictions of activi- 
ties were imposed on victims of myo- 
cardial infarction for a generation. 
The current experiments clearly 
show that, at least under the experi- 
mental conditions of the study, pro- 
longed and repeated strenuous exer- 
cise initiated immediately after the 
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development of a myocardial infarct 
had no effect on the size of the in- 
farcted zone, the thickness of the 
scar, or on myocardial function. It 
might be argued that the experimen- 
tal model was such that no difference 
in the ultimate size of the infarct 
- could have been expected, since the 
vessels were all blocked with agar so- 
lution. Ingrowth of collateral vessels, 
which might have varied in degree in 
the two experimental groups, was 
thus prevented. Yet, ventriculo- 
graphic studies of similar models 
have shown that the initial akinetic 
zone regresses in size over a four- 
week period, ultimately approximat- 
ing 20% of the circumference of the 
left ventricular chamber as viewed 
ventriculographically. Thus, for sev- 
eral weeks after infarction, there ex- 
isted a peripheral zone of relative is- 
chemia, the ultimate extent of which 
might be subjected to a variety of ex- 
traneous influences. Clearly, exercise 
did not affect its extent adversely. 
Included among the hemodynamic 
variables that were studied and which 
were not statistically different in the 
two experimental groups were mea- 
surements of force-velocity relation- 
ships. There is a real question 
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whether such measurements are valid 
in a setting that involves a ventricle, 
part of whose muscle is replaced by 
scar tissue. Other studies using a sim- 
ilar model," however, have shown an 
effect on force-velocity relationships 
if the scar is sufficiently large, an ef- 
fect characterized by marked reduc- 
tion in myocardial contractility. Such 
was not the case in the animals in- 
volved in the present study, although 
the size of the infarcts was consid- 
erably smaller than that of those in 
the other study. There might be some 
theoretical basis for assuming that 
the conditioning effect of repeated 
exercise might have improved the 
contractility of the noninfarcted por- 
tion of the left ventricle, but there is 
also no evidence for this hypothesis. 

A somewhat similar study reported 
by Thompson and associates’ in- 
volved occlusion of the left anterior 
descending coronary artery of a dog 
by inflation of a balloon placed 
around the vessel. Some dogs were 
exercised to exhaustion one to six 
hours after occlusion and again the 
following day. At postmortem exami- 
nation a week later, there was no dif- 
ference in mortality, incidence of ar- 
rhythmia, or infarct size in the 
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Intramuscularly Administered 
Krypton Clathrate Kr 85 


Measurement of Acute Changes in Regional Blood Flow 


John G. Schuler, MD, Boston; Maurice Slapak, MD, MChir, Cambridge, England; 


Intramuscularly administered isotope is 
used in determining regional blood flow. The 
purpose of the experiment is to determine 
whether acute occlusion of the femoral ar- 
tery or vein can be detected by the washout 
technique. Control washout times are ob- 
tained in the hind legs of rats after which ei- 
ther the femoral artery or vein is ligated and 
the disappearance curves of intramuscularly 
administered, krypton clathrate Kr 85 are 
determined. 

Occlusion of either the artery or vein can 
be detected reliably by a prolonged half-time 
of the krypton clathrate Kr 85 washout. Al- 
though the group with vein obstruction 
could be distinguished from the arterial oc- 
clusion group, determination of the kind of 
block or the basis of a single injection is un- 
reliable because of the overlap of the two 
groups. 


RE isotopes have been 
used to measure muscle perfu- 
sion since 1948 when Kety' first ob- 
served that the disappearance rate of 
**Na* injected into muscle depended 
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on the rate of blood flow to the 
muscle. 

Since then, krypton clathrate Kr 85 
and xenon Xe 133 have been used 
widely to study muscle blood flow. 
They are inert gases not normally 
found in the body which are rapidly 
eliminated from the blood by the 
lungs.” Their gamma energy levels 
are easily detectable by external 
counters. 

Much of the information on the use 
of krypton clathrate Kr 85 and xenon 
Xe 133 in measuring changes in 
muscle blood flow has come from 
studies employing tourniquet com- 
pression of a limb before and after 
blood flow is noted. However, there 
has been little information about 
using these isotopes to measure re- 
gional blood flow after acute, direct 
occlusion of the major artery or vein 
to the limb. This maneuver may more 
closely simulate the situation that re- 
sults from acute occlusion of a major 
limb vessel seen clinically. 

The purpose of this report is to de- 
termine whether measuring intra- 
muscularly administered krypton 
clathrate Kr 85 disappearance time is 
a reliable means of detecting de- 
creased regional perfusion caused by 
acute obstruction of the major artery 
or vein of the leg. A second purpose is 
to find whether venous occlusion, can 
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Counts/Sec x 10° 





Vein Ligation 


Control 


Minutes 


Fig 1.—Representative washout curves for controls, venous, and arterial ligations. 


be differentiated from arterial occlu- 
sion by this method. 


Materials and Methods 


The experiments were conducted with 
use of the hind limbs of 34, 300-gm, white, 
male rats. Each rat was tranquilized with a 
0.l-ml mixture of droperidol and fentanyl 
citrate (Innovar). Atropine, 0.1 ml, was 
used to minimize the cholinergic effects of 
this mixture. 

An injection of 1.0 ml krypton clathrate 
Kr 85 solution, containing 200 to 400 micro- 
curies was injected into the thigh muscles 
of the tranquilized rat with a No. 26 
needle. A lead cylinder was then placed 
over the injected thigh. A sodium iodide 
erystal probe was fitted into the opposite 
end of the cylinder, insuring that the probe 
was a constant distance, 3.5 em, from the 
leg and minimizing background radiation. 
The output was fed into a ratemeter and 
the counts recorded on a linear-scale writer 
with a paper speed of 2.54 em/58 sec. In 
this way, the disappearance curve of the 
injected krypton clathrate Kr 85 was 
recorded. 

A series of 60 control injections was per- 
formed on 18 rats, using both left and 
right legs. Some of the injections were re- 
peated in pairs, in the same leg after a 
lapse of time, usually between 20 to 30 
minutes, to determine the reproducibility 
of the method. 

In test animals, either the common fem- 
oral artery (16 rats, 25 legs) or common 
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femoral vein (14 rats, 20 legs) was ligated 
with a silx ligature as the vessel emerged 
from beneath the inguinal ligament. The 
disappearance times of krypton clathrate 
Kr 85 were measured at three times (1) 
time A: before ligation of the vessel in the 
leg that was to be ligated, (2) time B: 10 
minutes after the vessel was ligated in the 
ligated leg, and (3) time C: 20 to 25 minutes 
after ligation, in the opposite leg. Times A 
and C were used as in-test controls. With 
each arterial ligation, either a flow at time 
A or at time C was obtained as well as at 
time B. In the vein ligation group, 13 of 20 
tests had flows at either A or C along with 
the test flow at time B. 

Representative disappearance curves of 
the controls and ligations are shown in 
Fig 1. 

Calculations.—A semilog plot of counts vs 
time yielded a straight line curve, except 
close to the origin (Fig 2). A least-square 
analysis applied to the linear portion with 
the use of a minicomputer yielded inter- 
cepts, slopes, and curves fitting precision 
measures. The half-time, ty, was calculated 
in the usual manner from Iny = A + Bt, 
(where y is the counts, B the slope) by 
solving for t, when y equals one half the 
initial counts, ty = —1n2/B. Each group of 
t:, values was determined to be distributed 
normally by histogram and their central 
measures calculated. Comparison for sig- 
nificant differences between controls and 
the various maneuvers was accomplished 
by t test of means. 


Log of Counts 





4 8 12 16 
Minutes 


Fig 2.—Representative semilog plots of 
krypton clathrate Kr 85 washout times. 


Results 


Controls.—The mean t, of krypton 
clathrate Kr 85 disappearance in the 
60 controls was 6.7+3.4 minutes 
(range, 1.4 to 16.0 minutes). There 
was no significant difference between 
two consecutive injections, tested by 
the paired t test. 

Artery Ligations.-The mean t, ten 
minutes after each femoral artery li- 
gation was 35.7 +16.9 minutes 
(range, 10.8 to 77.1 minutes). This 
value was significantly different from 
the control mean, with P<.001 (Table 
1). The mean t, for the time A injec- 
tions was 7.1 minutes and for time C 
injections, 9.1 minutes. Neither of 
these values was significantly differ- 
ent from the control mean (Table 2) 
or from each other. However, each 
pair of consecutive time A and B val- 
ues showed very significant differ- 
ences between the two injections 
(P<.001) as did paired, consecutive 
injections at times B and C, P<.001 
(Tables 3 and 4). 

Vein Ligations.—-The mean t, of the 
group of vein ligations was 
22.1 + 12.1 minutes (range, 7.2 to 54.5 
minutes), which was significantly dif- 
ferent from the control mean (Table 
1). The means of times A injections 
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Table 1.—Comparison of Mean Control and 
Mean Ligation Washout Half-Times 















Significance of 
° No. of Mean + SD, Difference Between 
Test Ligations min Test and Control 
Centrol 60 6.73.4 ihe 
Artery ligation 25 35.7 + 16.9 Very significant (P <.001) 
Vein ligation 20 Cake 12,1 Very significant (P <.001) 









Tall= 2.—Compar son of Mean Control Washout Half-Times to 
In-Test Control Washout Half-Times 


Mean Half-Time = SD, 
min 


Significance of 
Difference 


Not significant 
Not significant 
Not significant 
Significant, .01 < P <.02 


Artery-time Æ 
Artery-time C 
Veintime A 
Veintime C 






Table 3—Comparison of Mean Washout Half-Times of Ligated Vessels vs 
In-Test Control Washout Half-Times 


TESEI- SE CN ASE CAOS 
Mean Half-Time, 









min 
Si. of Significance of Difference 
Test Lizations Time A Time B Between A and B 
Artery TO 71 £3.6 29.9 + 10.7 Very significant (P <.001) 
Vein 20 8.1 + 4.5 4451-242.) Very significant (P <.001) 











Tade 4—Compazvison of Mean Test Washout Half-Times to 
In-Test Control Washout Half-Times 






Mean Half-Time, 




















min 
Mo. of Significance of Difference 
Test Ligations Time C Time B Between C and B 
Artery 16 9.1+5.3 39.1+ 18.8 Very significant (P <.001) 
Vein 13 9.9 +4.1 25.6 £131 Very significant (P <.001) 








showed no sign-ficent difference from 
the contro] mean (Table 2). However, 
the mean of time C was longer statis- 
tically from the eortrol t, at the level 
02> P>.01 (Tadle 2). And each pair 
of conseeutive values showed a signif- 
icant difference detween t, at times A 
and B and betwen t, at times B and 
C, P<.001 (Tables 3 and 4). 

Finally, there wes a very signifi- 
cant difference between the mean 
t, for arterial ization (35.7 minutes) 
and the mean =, jor vein ligations 
(22.1 minutes) at the .001< P<.005 
level. 


without blocking collaterals, could be 
reliably demonstrated by the krypton 
clathrate Kr 85 washout technique. 
Use of intramuscularly adminis- 
tered krypton clathrate Kr 85 and 
xenon Xe 133 in demonstrating in- 
creased and decreased peripheral 
blood flew has already been proved. 
In patients with chronic arterial ob- 
structiom, the maximal blood flow of 
reactive hyperemia, caused by tourni- 
quet release or exercise, has been 
shown by the washout method to be 
significantly diminished.** Other 
studies have confirmed that the wash- 
out technique is reliable in demon- 
strating decreased perfusion due to 
chronic arterial obstruction. Only 4% 
to T% of the limbs with total chronic 
arterial occlusion gave false normal 


Comment 


This experiment was designed to 
determine whether aeute occlusion of 
the major artery or vein to the leg, 
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values by this method when compared 
to the flows measured by venous oc- 
clusion plethysmography.’ Isotope 
washout confirmed improving muscle 
perfusion, which paralleled clinical 
improvement following recent arte- 
rial occlusion, although the occlusions 
were as old as two weeks.’ Decreased 
flow has also been demonstrated with 
isotope washout after a tourniquet 
was inflated to a pressure greater 
than systolic. 

Similarly, production of venous 
stasis with tourniquet compression 
has been reflected by slowed wash- 
out of intramuscular isotope. It has 
been shown that flow diminishes as 
cuff pressure approaches diastolic 
pressure.’ However, acute ecclusion of 
a major limb artery or vein only, 
without circumferential compression 
of the limb by a tourniquet, has not 
been described previously. 

Rats were chosen for the experi- 
ment because of the ease in handling 
them and because femoral vessel liga- 
tion necessitated subsequent killing 
of the animals. In addition, the lead 
cylinder that encompassed the entire 
thigh assured a reliable counting 
area. 

However, the disadvantages of 
using rats for the experiment are ap- 
parent. Because of the relatively 
small size of the animal, precise injec- 
tion of the krypton clathrate Kr 85 
into the muscle only, without inadver- 
tently depositing some subcutane- 
ously or directly into a small vessel 
opened by the needle could not be 
guaranteed absolutely. And since 
krypton clathrate Kr 85 is quite fat- 
soluble, deposition in subcutaneous 
fat could considerably prolong t, For 
these reasons, a relatively large vol- 
ume of isotope solution (1.0 ml) was 
injected, trying to insure that a large 
dose of the krypton clathrate Kr 85 
would be intramuscular and min- 
imizing the inevitable deposition sub- 
cutaneously along the need e path. 

The other major disadvantage was 
precise placement of the ligature. In 
each case, the inguinal ligament was 
visualized and retracted in order to 
place the tie as proximal as possible. 
However, because troublesome bleed- 
ing occurred with attempts to iden- 
tify the profunda, this maneuver was 
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not attempted in any of the test ani- 
mals. Therefore, there might have 
been some variation in the effective 
position of the tie depending on in- 
dividual variation of the femoral 
branches. Despite these disadvan- 
tages, the results of the controls and 
arterial and venous ligations were 
generally found to be reproducible. 
The significantly prolonged tą, 
found in this experiment after liga- 
tion of the femoral artery confirmed 
that the washout technique is reliable 


in detecting this type of acute occlu- 


sion. Only one of the 25 arterial occlu- 
sions (4%) resulted in a t, within 2 
standard deviations of the control 
mean, that is, a false normal. Slow 
flow to the leg occurred presumably 
through collaterals and through the 
bone when the major artery in the leg 
was blocked. Studies of patients with 
chronic arterial occlusion show no de- 
crease in resting blood flow to the dis- 
eased leg when compared to normal 
subjects." Whether acute arterial oc- 
clusion superimposed on such well-de- 
veloped collaterals in these patients 
would show the same dramatic results 
as those demonstrated in rat legs 
without chronically developed collat- 


= erals remains to be seen. 


p 


Isotope washout was significantly 
slowed after the femoral vein was 
tied. Presumably, the isotope left the 
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leg not only by way of venous collat- 
erals and bone, but also through the 
lymphaties. However, venous occlu- 
sion did not slow krypton clathrate 
Kr 85 washout as much as the arterial 
block. This could be explained in sev- 
eral ways. First, the venous collater- 
als were more numerous than arterial 
collaterals. Second, venous collaterals 
opened more rapidly in response to an 
increasing venous pressure main- 
tained by the unimpaired arterial in- 
flow. And third, a significant amount 
of the isotope was returned from the 
leg by the lymphatics. 

Of interest was the finding that af- 
ter venous ligation, flow in the oppo- 
site leg was slowed. However, this 
occurrence was not in the very signif- 
icant range (.02 > P>.01) and was not 
found after arterial ligation. The fact 
that flows at times A and C did not 
differ statistically diminishes further 
the significance of the slightly pro- 
longed t, at time C. This may reflect 
an effect of anesthesia, since both 
times A and C were longer than the 
controls. However, this slight slowing 
of krypton clathrate Kr 85 washout in 
the opposite leg might reflect pooling 
of blood in the leg with venous occlu- 
sion, resulting in mild hypovelemia. 

Despite the fact that the mean 
washout times after arterial and 
venous ligation differed significantly, 
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many of the values in the twe groups 
overlapped. Therefore, distinguishing 
acute arterial from venous occlusion ® 
on the basis of a single test injections 
by this method would be difficult. Ac- 
curacy would undoubtedly be in- 
creased by better defining each group 
with a larger sample and by repeat- 
ing the test injection to minimize in- 
jection variation. 

Nonetheless, krypton clathrate Kr 
85 washout could reliably detect 
acutely decreased regional perfusion 
since 40 of 45 (88.9%) ligation times 
were beyond 2 standard deviations of 
the control mean. 

It is concluded from this study that 
acute occlusion of the femoral artery 
or vein in rats can be reliably de- 
tected by washout of intramuscularly 
administered krypton clathrate Kr 
85. However, differentiation of the 
two types of obstruction by the wash- 
out curve, though statistically pos- 
sible, in practice is difficult on the 
basis of one injection. 

If similar changes in krypton clath- 
rate Kr 85 washout occur with ob- 
struction of distal veins, this tech- 
nique might prove useful in detecting 
clinically silent deep venous throm- 
bosis. 
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Giant Panniculus Adiposus Abdominis 


Nathan Asbell, MD, Camden, NJ 


Surgical correction of giant panniculus 
adiposus abdominis was performed. A modi- 
fied suspension system was devised that in- 
corporated the added advantage of mobility 
and facilitatec removal of the 15.9-kg pan- 
niculus. 

The actual eause of giant panniculus has 
hitherto been clauded. It is suggested that 
the increasing panniculus perhaps is second- 
ary to obstructec venous return, which re- 
sults in increased accumulation of fluid in 
the tissues. 


he typka patient who has 
giant parniculus adiposus usu- 

ally is fema e, over 30 years old, and 
multiparous.A persenal, as well as fa- 
milial history of excessive obesity is 
found. The pendulous abdomen com- 
mences after the third or fourth preg- 
nancy and g@acually increases in size. 
Ventral herria-ion frequently is asso- 
ciated with this condition. The etio- 
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logical background of this disease is 
unknown. 

The primary indication for oper- 
ation is the severe restriction of phys- 
ical activity. Cosmetic considerations 
also are a valid indication. The surgi- 
cal correction of giant panniculus adi- 
posus abdominis is fraught with tech- 
nical difficulties’? and a movable 
suspension system was devised to fa- 
cilitate such surgery. 


Report of a Case 


History.—The patient was a 44-year-old, 
multiparous woman. Family history re- 
vealed maternal diabetes as well as ex- 
treme obesity in other members of the 
family. An aunt had a giant panniculus, 
which had not been treated surgically. 

The patient had been overweight since 
the age of 5 years. The following surgical 
procedures had been performed previously: 
pilonida! cystectomy, 1946; cholecystec- 
tomy, 1956; dilation and curettage, 1956. 
She bore five children; all were normal de- 
liveries. In 1953, after delivery of her sec- 
ond child, the abdomen started becoming 
pendulous. After the fifth child was deliv- 
ered in 960, the pendulosity increased sig- 
nificantly, and by 1966 the panniculus was 
extreme. Surgical correction had been 
sought but was refused. 


Giant Panniculus Adiposus Abdominis/Asbell 


Course of Treatment.—The patient was 
admitted to the hospital in June 1971. She 
was 160 cm tall and weighed 156 kg. A gi- 
ant panniculus, which extended to below 
the knees, was present (Fig 1 and 2). No 
umbilical hernia was present. Results of 
clinical and laboratory studies all were 
within normal range, except for a previ- 
ously undetected diabetes mellitus, which 
was stabilized prior to surgery. 


Surgical Technique.—On July 1, 1971, sur- 
gery was performed, using general anes- 
thesia and aseptic conditions. A heavy 
Steinmann pin was thrust through the 
apex of the panniculus. Large tongs 
(Kirschner wire tractors) were attached to 
either side of the pin. Then an orthopedic 
cord was tied to the tongs and attached to 
the overhead light. This maneuver pro- 
vided excellent suspension of the pan- 
niculus as well as mobility. Other suspen- 
sory devices lack this mobility factor (Fig 
3).3** 

The panniculus was moved caudally and 
a curved incision was made from flank to 
flank below the umbilicus and carried down 
to the fascial layer. Then the panniculus 
was moved cephalically and the same pro- 
cedure performed from below, with re- 
moval of the panniculus. 

Electrosurgery was used throughout to 
minimize blood loss. Many enlarged blood 
vessels were encountered, which were indi- 

~. 


901 





Fig 1.—Preoperative view of patient with 
giant panniculus adiposus. 





Fig 4.—Six months postoperative appear- 
ance. 


vidually clamped, divided, and ligated. A 
very copious flow of fluid was present dur- 
ing the entire procedure. 

Drains were placed in each flank and the 
incision was closed with a row of subcuta- 
neously placed No. 1 chromic sutures. The 
skin was approximated with No. 0 black 
mattress sutures. 

One could not help but be impressed by 
the further shrinking of the panniculus 
and by the extremely copious amount of 
fluid loss during the dissection. Drained of 





Fig 2.—Preoperative view of patient with 


giant panniculus adiposus. 





Fig 5.—Six months postoperative appear- 
ance. 


blood and serum, the panniculus weighed 
15.9 kg. 

Postoperatively, the patient had a mod- 
erate amount of serosanguineous drainage 
for one week. Four units of blood as well as 
intravencus fluids were needed to maintain 
fluid balance and to compensate for blood 
loss. From that point she made an unevent- 
ful recovery, except for some instability in 
walking. The patient was discharged from 
the hospital on July 25, 1971. The incision 
healed per primam, except for the drain- 








Fig 3.—Suspension of panniculus. 


age areas, which were completely healed in 
six weeks. The patient has been 3een peri- 
odically and 1% years later is enjoying a 
new found freedom (Fig 4 and £). 


Comment 


While the panniculus was sus- 
pended and the patient was being 
prepared, an obvious shrinkiag of the 
panniculus was observed. As men- 
tioned previously, further sarinkage 
during the surgery, accompanied by 
significant fluid loss, occurred. I feel 
this supports the rationale tkat a con- 
tinually enlarging panniculas is due 
to an impedance in blooc return, 
which, aggravated by the force of 
gravity, leads to the enlargement of 
the veins and edema. Thus, a vicious 
cycle is established, leading to an in- 
creasing accumulation of fluid in the 
tissues. 
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Diffuse Polyposis of the Colon 
With Severe Electrolyte Depletion 


Robert F. Sanner, Jr., MD, Danvers, Mass 


This is. to my knowledge, the second re- 
ported case of diffuse familial polyposis of 
the colom with electrolyte depletion syn- 
drome. E*forts to reverse this severe deple- 
tion with vigorous oral and intravenous ther- 
apy were unsuceessful, but colectomy halted 
the loss and produced a reversal of the pa- 
tient’s clinical course. Several interesting as- 
pects of both conditions are discussed. It ap- 
pears that the histologic villous pattern is 
the significant factor in fluid anc electrolyte 
loss, since | found no reported cases with 
the more usual adenomatous configuration 
to produce this syndrome. 
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DI polyposis of the colon, 
with its apparent inevitable de- 


velopment of malignant change, has 
been of interest as a medical curiosity 
since it was first recognized as a clini- 
cal entity with familial tendencies in 
the late 1800s. More recently, in the 
sixth decade of this century, the se- 
vere fiuid and electrolyte depletion 
produced by villous adenoma of the 
colon was described, and this too has 
occasioned considerable interest in 
subsequent reports. 

This paper presumes to present the 
second reported case of fluid and elec- 
trolyte depletion syndrome in a pa- 
tient with diffuse familial polyposis of 
the colon. There are several notable 
aspects of this case which will be dis- 
cussed later. 


Report of a Case 


The patient, a 43-year-old white man, 
was firs’ seen Nov 28, 1971, with a history 
of a progressive three-month illness, con- 
sisting initially of intermittent diarrhea, 
which later became almost constant; quite 
watery and voluminous. He had suffered a 
12.2-kg weight loss during this time. Im- 
mediately prior to admission, he developed 
nausea and had difficulty in retaining oral 
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feedings. He denied abdominal pain or 
cramps or blood in his bowel movements. 
Upon closer questioning, he did admit to 
intermittent episodes of diarrhea over the 
previous five years, which usually lasted 
only a day or two. He knew of no family 
history of colonic polyps or carcinoma. 

On physical examination he appeared to 
be a cachetic, dehydrated, middle-aged 
white man. The abdomen was slightly dis- 
tended. Bowel sounds were normal to hy- 
peractive and there was no abdominal ten- 
derness or masses. On rectal examination 
there was a soft, exophytic, fungating 
mass palpable throughout a large portion 
of the rectal vault. 

Admission laboratory work included the 
following values: hemoglobin, 16.3 mg/100 
ml; white blood cell count (WBC), 21,400/cu 
mm, with 84% polymorphonuclear leuko- 
cytes; urine, normal; blood urea nitrogen 
(BUN), 50 mg/100 ml; sodium, 116 mEq/ 
liter; potassium, 1.6 mEq/liter; chloride, 
90 mg/100 ml; carbon dioxide, 23 mEq/ 
liter; creatinine, 6.5 mEq/liter. An electro- 
cardiogram showed a prolonged Q-T inter- 
val with normal T-waves. A 24-hour urine 
collection showed sodium level as 3.4 
mEq/liter (normal, 75 to 200), and potas- 
sium level as 34.5 mEq/liter (normal, 40 to 
80). Two determinations of serum magne- 
sium value were 2.5 and 3.7 mg/100 ml, re 
spectively (normal, 1.7 to 2.6 mg/100 ml). 

On sigmoidoscopy there were many 
large islands of soft, exophytie purplish tu- 
mor throughout the rectum and extending 
as far as the sigmoidoscope could be intro- 
duced. A biopsy specimen taken at that 
time was reported as showing a crowded 
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* adenomatous pattern with areas of frank 


anaplasia and malignant glandular struc- 
tures invading the underlying fibro- 
muscular tissue. 

Upper gastrointestinal roentgenograph- 
ic views, chest film, and a series of roent- 
genograms of the small bowel were re- 
ported as being within normal limits. 
Barium enema examination was reported 
as showing diffuse polypoid change 
throughout the entire colon (Figure). Find- 
ings of a liver scan were reported as nor- 
mal. 

The patient was treated orally with 
large volumes of electrolyte solution with 
added potassium. On this program, the 
maximal improvement obtained revealed 
sodium value of 122 mEq/liter, chloride 
value of 92 mg/100 ml, and carbon dioxide 
value of 23 mEq/liter. The potassium level 
never rose above 4.0 mEq/liter. His BUN 
value returned to normal. During this 
time, he continued to produce large vol- 
umes of watery diarrhea. 

It was felt that no additional improve- 
ment would be possible as long as this pro- 
cess continued and consequently, on Dec 9, 
total abdominal colectomy was performed. 
The rectal stump was left in place. The pa- 
tient tolerated the procedure fairly well, 
but five days later, when the perineal por- 
tion of the procedure was carried out, he 
had developed spiking fevers. Abdominal 
films were suggestive of ileus secondary to 
retroperitoneal infection. This febrile 
course continued and on Dec 19 blood cul- 
tures were reported as showing Bacte- 
roides septicemia. The patient was treated 
vigorously with aqueous penicillin G and 
chloramphenicol and his fever subsided. 
He began eating and gained strength and 
weight. He was sent home on Jan 6, 1972, 
with a well-controlled ileostomy and a 
healing perineal wound. 

He was readmitted on April 8, 1972, be- 
cause of persistent purulent drainage from 
the perineal wound. Excision and curet- 
tement of a deep pelvic sinus tract was 
carried out and the patient was discharged 
a few days later. His subsequent course 
has been one of continued improvement. 
His perineum is now well healed. His ileos- 
tomy is functioning satisfactorily and his 
strength and weight are better than at any 
time in the past ten years. 

Pathology report on the colon specimen 
showed polyps composed principally of 
glandular structures in a villous pattern 
with prominent secretory activity. There 
were adenomatous-type polyps present in 
some areas. In the rectosigmoid and the 
rectum, there were numerous areas of ana- 
plastic malignant change with superficial 
invasion of the stroma. No samples from 
above the sigmoid showed malignant 
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Barium enema roentgenogram showing 
total involvement of colon and rectum by 
extensive polyposis. 


change. Two polyps 2 cm in diameter from 
the terminal small bowel showed a mixed 
villous and adenomatous pattern. All 
lymph nodes were negative for tumor. 


Comment 


Peterson et al' reported in 1969 
what they believed to be the first such 
case; that of a 22-year-old woman 
who ultimately died of metastatic 
carcinoma. This case, even more than 
theirs, meets the criteria of the deple- 
tion syndrome (ie, dehydration, hypo- 
natremia, hypokalemia, hypochlore- 
mia, and prerenal azotemia). They 
also noted numerous focal villous 
areas throughout the colon. It would 
certainly appear, then, that the com- 
mon denominator that produced this 
unusual manifestation of the disease 
is the rather extensive villous pattern 
seen in both. DaCruz et al’ reported 
results of animal experiments which 
led them to conclude that the diarrhea 
and depletion may be related to elab- 
oration of a humoral agent by the vil- 
lous tumor, which influences serosal 
to mucosal movement of fluid and 
electrolytes. 

The severity of the depletion in this 
patient was also remarkable. Hodin 
and Remington,’ in 1969, reported a 
case of villous adenoma with potas- 
sium level of 1.5 mEq/liter, a sodium 
level of 130 mEq/liter, and BUN 
value of 101 mg/100 ml. Their search 
of the literature had revealed only 
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one previously reported case of a 
lower serum potassium level. The rel- 
atively unaffected electrocardiogra-~ 
phy tracing is consistent with their 
case, which showed only fattened P 
waves in standard leads V, and V,. 

In 1971 Hoffman et al‘ reported 
three cases of familial polyposis of 
the colon with adenomatous polyps in 
the upper gastrointestinal tract. They 
made the point that this is frequently 
coincidental with manifestations of 
Gardner syndrome. This patient has 
none of the stigma. 

It has been suggested that because 
of the similarity of metabolism to 
that of potassium, the serum magne- 
sium might also be depleted in this 
syndrome. This did not prove to be 
true in our patient. Few reports in 
which this determination was ob- 
tained are available to further test 
the validity of this theory. 

The age of onset of symptoms and, 
indeed, of the polyposis itself is ap- 
parently quite variable. Mayo et al’ 
reported a group of 95 patients of 
whom 45 either had normal family 
histories or the family histories were 
unknown. They ranged in age, at the 
time of diagnosis, between 3 and 56 
years. The vast majority were aged 
20 to 40 years at the time of diag- 
nosis. They cited a case reported by 
Lockhart-Mummery of a patient who 
had been examined at the age of 39 
and found to be free of polyps, but at 
reexamination four years later had 
developed many tiny polyps. 

It is difficult to place an upper limit 
on the age at which periodic examina- 
tions of the offspring of these pa- 
tients can be safely terminated. In all 
likelihood the sigmoidoscopy on a pe- 
riodic basis could be considered an ad- 
equate examination, since rarely, if 
ever, is polyposis present in the proxi- 
mal colon without manifesting itself 
in the rectosigmoid. Our patient’s 
only child, an 18-year-old boy, was 
seen, examined with sigmoidoscope, 
and had an air contrast barium en- 
ema examination, which revealed no 
abnormalities. He will be observed at 
two-year intervals until at least age 
60. 

Anaerobic Bacteroides bacteremias 
are being seen more frequently and 
pose a therapeutic problem because 
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they are resistant to most antibiotics. 
Bodner et a” contended that this situ- 


g Zion represents ene of the few indi- 


cations fer therapy with chloram- 

Henieol. Im their experience all of 39 
strains were sensitive to this anti- 
biotic; but many were resistant to the 
other bactericidal antibiotics used 
fcr treating Gram-negative bacillary 
sepsis. Others disagree, citing success 
with tetracycline, large doses of lin- 
comycin, amd, more recently, clin- 
damycin. 

Universal accord as to the optimal 
form of therapy for diffuse colonic 
polyposis has not been reached; how- 
ever, there are certain basic concepts 
which are deserving of mention. 

First, it must be kept in mind that 
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these patients inevitably develop a 
malignancy. Because this malignancy 
usually develops in the rectosigmoid, 
some people have considered it to be 
acceptable, particularly when there is 
patient resistance to colectomy, to 
observe these patients with sig- 
moidoscopy and biopsy and periodic 
barium enema examinations. Most 
people concede that subtotal colec- 
tomy with ileosigmoidostomy, at a 
level where the entire remaining 
large bowel can be visualized with the 
sigmoidoscope, is acceptable therapy. 
This assumes that the involvement of 
the rectosigmoid is not so diffuse that 
it cannot be handled with fulgura- 
tion. Certainly, if this course is cho- 
sen, frequent sigmoidoscopy and ful- 
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guration and/or biopsy is indicated ^ 


and must be conscientiously accom- 
plished. Many cases of regression of 
polyps in the rectosigmoid remnant 
have been reported. This is more 
likely if the length of the segment is 
less than 15 em.” 

If there is malignancy present in 
the rectosigmoid, total abdominal- 
perineal colectomy is indicated. Some 
people feel that this is the optimal 
form of treatment, even when ma- 
lignaney cannot be proved. 
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Urinary retention due to urethral metas- 
tases from colorectal malignancies occurred 
in two cases. The causes of vesical dysfunc- 
tion following surgery for colorectal carci- 
noma are discussed, and emphasis is placed 
on the inclusion of metastatic urethral ob- 
struction in the differential diagnosis. 


esical dysfunction with reten- 
tion of urine is frequently en- 
countered following surgery for colo- 
rectal carcinoma.'? An uncommon 
process that should be considered in 
the differential diagnosis of such pa- 
tients is metastatic involvement of 
the urethra with resultant urinary 
outlet obstruction. 


Report of Cases 


CASE 1.—A 48-year-old man was hospi- 
talized in May 1971 with urinary obstruc- 
tive symptoms. Five years previously, he 
had undergone abdominoperineal resection 
for rectal carcinoma. Nodular induration 
of the corpora cavernosa, urethra, and 
glans penis with stenosis of the urethral 
meatus was noted. Urinary retention en- 
sued. A retrograde urethrogram demon- 
strated nodular narrowing of the proximal 
bulbous urethra in addition to meatal ste- 
nosis (Fig 1). A urethral catheter was 
passed with difficulty and 1,900 ml urine 
was emptied from the bladder. Biopsies 
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Metastatic Urethral Obstruction 


Stuart M. Selikowitz, MD, Carl A. Olsson, MD, Boston 


taken of the nodules on the glans penis re- 
vealed infiltration of this organ with 
adenocarcinoma similar to the patient’s 
primary malignancy (Fig 2). Because of 
recurrent urinary retention and increasing 
difficulty of urethral catheterization, a per- 
manent cystostomy tube was placed supra- 
pubically. Evidence of tumor recurrence 
was found in other sites: nodular thick- 
ening of the previous perineal wound site 
proved to be carcinoma and ureteral en- 
croachment by a pelvic mass was seen 
roentgenographically. The patient died six 
months later with widespread metastatic 
disease in the pelvis. 

CASE 2.—A 75-year-old man was hospi- 
talized in October 1971 with slowing of the 
urinary stream and difficulty voiding. A 
palliative anterior resection of the sigmoid 
colon had been performed six months ear- 
lier, at which time liver metastases had 
been found. On examination, the bladder 
was distended, a hard mass was felt in the 
right seminal vesicle, and nodular indura- 
tion was palpated along the urethra as well 
as in the corpora cavernosa. Retrograde 
urethrography demonstrated multiple 
nodular narrowings of the bulbous and 
pendulous urethra (Fig 3). The bladder was 
drained by suprapubic cystostomy, and 
biopsy of the corpora cavernosal masses 
showed infiltration of the spongy tissues 
with adenocarcinoma (Fig 4). The presence 
of enlarging metastases in the liver was 
shown by hepatic scan. Palliative therapy 
with fluorouracil was administered and an 
intraurethral ribbon of iridium 192 was in- 
serted. Despite this, the patient suffered a 
gradual progression in metastatic disease 
and the urethra remained stenosed by tu- 
mor. He died two months later with wide- 
spread metastatic cancer. 
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Fig 1—Retrograde urethrogram through stenosed urethral Fig 2.—Adenocarcinoma cells (arrow) infiltrating fibrous tissue of 


meatus (case |. Note nodular narrowings of deep urethra (arrows). glans penis (case 1) (hematoxylin-eosin, Xx 260). 
Fig 3.—Re*rogeacde irethrogram (case 2) demonstrating multiple Fig 4.—Corpus cavernosum biopsy (case 2) showing lining of cav- 
Stenosing lesions of bulbous and pendulous urethra (arrows). ernous spaces replaced with tumor (hematoxylin-eosin, x 52). 
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Comment 


The penis is only infrequently in- 
volved by metastatic tumors; fewer 
than 200 cases have been recorded, 
the bulk of which have been carci- 
nomas.™ The low frequency is un- 
usual in view of the rich vascularity 
of the structure and its proximity to 
organs, such as rectum, bladder, and 
prostate, which are common sites of 
malignancy. One author feels that the 
penis, like the spleen, enjoys some 
protective mechanism against sec- 
ondary neoplastic involvement.’ 

Paquin and Roland reviewed the 
number of means by which metas- 
tases reach the penis: direct arterial 
extension, secondary and tertiary em- 
bolism, instrumental spread, para- 
doxical embolism, retrograde venous 
spread, retrograde lymphatic spread, 
and direct extension.’ Of these, the 
latter three mechanisms are most 
likely, especially when the primary 
tumor arises from the rectosigmoid 
region. As described by Batson, the 
extensive communications between 
pelvic and vertebral veins, with col- 
laterals extending to the deep dorsal 
vein of the penis, would easily ac- 
count for retrograde venous spread 
during Valsalva maneuvers, or when 
proximal venous channels are blocked 
with tumor.’ Similarly, blockage of 
proximal lymphatics may allow retro- 
grade lymphatic spread to occur via 
connections between inferior hem- 
orrhoidal and pudendal lymphatics. 
Finally, direct extension is possible 
from the ischiorectal fossa, through 
the junction of Colles fascia with the 
triangular ligament, to the super- 
ficial perineal pouch. 

Next to bladder and prostate can- 
cer, colon malignancies are the most 
common primary tumors to metasta- 
size to the penis. In three large series, 
rectum or rectosigmoid was the 
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source of metastasis in 15% to 22.2% 
of cases."*:'' Most patients had such 
metastases following colorectal sur- 
gery for the primary malignancy, 
usually within 3 to 18 months postop- 
eratively..°" 

The mode of presentation of pa- 
tients with penile metastases from 
colon cancer was malignant priapism 
in about 50% of cases; however, ap- 
proximately one third of reports de- 
scribe urinary outlet symptoms.*-**-!” 
This lesser frequency of urethral ob- 
struction is not surprising since meta- 
static disease in the penis is charac- 
terized primarily by involvement of 
the corpora cavernosa; urethral in- 
volvement usually occurs concom- 
itantly, and is rarely found as an iso- 
lated lesion.’ 

A well-known complication of colo- 
rectal surgery (especially abdomi- 
noperineal resection) is urinary re- 
tention, occurring in as many as 25% 
of cases.'*'* Age-associated prostatic 
hyperplasia, autonomous neurogenic 
bladder, urethral stricture (from in- 
dwelling catheters or operative 
trauma), and postoperative mis- 
alignment of the bladder neck and 
urethra have all been mentioned as 
causes fer retention of urine follow- 
ing surgery for rectosigmoid neo- 
plasms. We would like to emphasize 
the need to include penile metastases 
in the differential diagnosis of these 
patients. All too often the penis and 
perineum is examined in a cursory 
fashion and metastatic nodules are 
missed or confused with Peyronie dis- 
ease, venereal ulcers, or infectious 
processes. 

The two cases reported here 
exemplify the need to consider ure- 
thral metastases in the evaluation of 
bladder dysfunction in patients with 
colorectal cancer. In both cases, the 
diagnosis was established only after 
consultation was sought for urinary 
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obstructive symptoms. The cases are 
typical also of the poor prognosis as- 
sociated with penile metastases. 
isolated nodule may be handled by 
phallectomy, and three such cał 
have been reported with survivals of 
from ten months to nine years.’ How- 
ever, all other reports emphasize the 
rapid deterioration of the patient’s 
condition, with survival averaging 
only 6.8 months after diagnosis." 


Herbert Hechtman, MD; Alphonse Gallitano, 
MD; Edward Kondi, MD, referred these cases to 
us. 
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Aortogastric and Aortoileal Fistulas 
Repaired by Direct Suture 


Joel A. ‘Tobias, MD, George R. Daicoff, MD, Gainesville, Fla 


A 60-year-olé patiert underwent replace- 
ment of an ab@ominal aortic aneurysm and 
developed an ærzoileal fistula at the distal 
anastomesis nearly five years later and an 
aortogaseric fistua at the proximal anasto- 
mosis nearly ten "ears later. The occurrence 
of an aercogastric fistula complicating aortic 
graft has not ween reported previously, to 


ortoentersc fistula, although rare, 
is-a serious complication follow- 

ing gra‘t replacement of the abdomi- 
nal aorta, frequently leading to 
exsangtuinatior or fatal sepsis. Im- 
provements m surgical technique and 
the quaity of graf- and suture mate- 
rial have decreased the frequency of 
this prcblem. but the severity of the 
complication is stil grave. The mor- 
tality 0° 109 meported cases was 77%." 
Suecess'ul management demands 
early diagnosis, rapid control of hem- 
orrhage, correczion of the arterial and 
intestinal defects, and control of in- 
fection. Curent opinion holds that 
graft excision with arterial recon- 
struction through a different bed is 
preferadle morder to avoid the devel- 
opment of a reeurrent fistula and to 





Accepted for pubiication June 26, 1973. 

From the Unversity of Florida College of 
Medicine, Gaineswile. | 

Reprint requests to Division of Thoracic and 
Cardiovacular Surgery. College of Medicine, 
Universit- of Flerida, Gainesville, FL 32601 (Dr. 
Tobias). 


Arch Surg/ Voi 17, Dee 1973 


Ve 


the authors’ knowledge. This is also possibly 
the first known instance of a patient having 
two fistulas between the aorta and the ali- 
mentary tract, both of which were success- 
fully repaired following massive gastroin- 
testinal hemorrhage. The use of the direct 
suture repair for such fistulas is encouraged 
in selected, noninfected patients. 


avoid uncontrollable infection.'? The 
successful, direct suture repair of an 
aortogastric and aortoileal fistula 
without graft excision in the same 
patient prompts a consideration of 
this simpler method of surgical man- 
agement in selected patients. 


Report of a Case 


A 6@year-old white woman was first 
seen in December 1962 with a moderately 
large fusiform abdominal aortic aneurysm. 
At the time of elective repair, a 10-cm an- 
eurysm was found to extend from 1 cm be- 
low the renal arteries to the aortic bi- 
furcation. The aneurysm was excised and 
replaced with a 12-cm segment of knitted 
Dacron tubular graft and sutured in place 
with silk. The patient’s postoperative 
course was unremarkable, and she was dis- 
charged on the 21st postoperative day. 

The patient did well for five years until 
September 1967, when she complained of 
nondeseript epigastric pain that radiated 
through to her back. A 6-cm, pulsatile mass 
was nated to the left of the umbilicus, but 
there were no signs of sepsis or bleeding, 
and distal pulses were present. An aorto- 


gram revealed both suture lines of the 
graft to be intact and the distal vessels 
open. No evidence of an ameurysm was 


noted in the study (Figure). The patient’s _ 


abdominal pain subsided without treat- 
ment, and it was elected te observe the 
mass for signs of enlargement. 

One month after discharge from the hos- 
pital, the patient returned with a two-hour 
history of massive, bright-rec rectal bleed- 
ing. Although there was no change in the 
size of the pulsatile mass, a presumptive 
diagnosis of an aortoduodenal fistula was 
made, and the patient immeciately under- 
went an abdominal! exploratery operation. 
The diagnosis of aortoenteric fistula was 
confirmed, but, rather than occurring at 
the site of the proximal anastomosis into 
the duodenum, the false aneurysm arose 
anteriorly at the distal anastomosis and 
fistulated into two loops of adherent ileum. 
Since no gross evidence of infection was 
present, the aortic side of the fistula was 
closed directly by suturing the graft to the 
aorta with two layers of 2-0 Dacron su- 
tures. Control of the bleeding and good dis- 
tal pulses were obtained. The two adherent 
loops of the small bowel were resected and 
intestinal continuity reestablished by end- 
to-end anastomosis. Despite the lack of 
any gross evidence of infection, the patient 
was treated with antibiotics for ten days. 
She had an uneventful recovery, remaining 
afebrile with a normal white blood cell 
count and was discharged on the 11th post- 
operative day. 

The patient had no further difficulty for 
four years until April 1971, when she had 
massive, bright-red hematemesis and 
shock. Immediate abdomina! exploratory 
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Aortogram one month prior to first aortoenteric fistula. 


operation revealed a healed distal aortic 
anastomosis. Gastrotomy disclosed an 
aortogastric fistula from the anterior por- 
tion of the proximal anastomosis into the 
posterior aspect of the stomach. During 
the operation, difficulty was experienced in 
controlling the bleeding from the fistula 
because of adhesions in the area and the 
very high anastomosis. Temporary proxi- 
mal occlusion of the thoracic aorta was ob- 
tained through a separate left thoracot- 
omy. Fogarty balloon occlusion catheters 
were passed proximally through the fistula 
into the aorta and distally into the graft to 
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yield a bloodless field. Because of the lack 
of gross evidence of infection about the 
fistula, the aortic anastomosis was re- 
paired directly with interrupted 2-0 Da- 
cron sutures, without replacing the graft. 
As the last stitch was tied, the occluding 
catheters were removed. The gastric edges 
of the fistula were debrided, and the stom- 
ach was closed without further resection. 
Systemic antibiotics were administered in 
the postoperative period, and the patient 
did well, although she did require ventila- 
tory support for 48 hours. The gastrostomy 
tube was removed on the 11th pestopera- 


~ 


tive day. On the 16th postoperative day, 
the patient again experienced substantial 
upper gastrointestinal tract bleeding® te 
aortogram performed immediately was en- 
tirely normal. X-ray films of the upper =f 
trointestinal tract were not diagnostic. 
Over the ensuing 24 hours, the bleeding in- 
creased in amount, and on the 17th postop- 
erative day, the patient was returned to 
the operating room. The proximal aortic 
anastomosis was found to be intact and 
healing. The patient’s stomach showed the 
typical changes of an acute stress ulcera- 
tion with shallow ulcers and petechial hem- 
orrhages. A resection of approximately 
75% of the stomach with a Billroth I recon- 
struction was performed. The patient’s 
postoperative course was uneventful. She 
was doing well when discharged on the 
17th postoperative day from the second 
procedure. 

Five years following the repair of the 
aortoenteric fistula and one year after the 
repair of the aortogastric fistula, the pa- 
tient arrived dead in the emergency room 
after a sudden collapse. Autopsy disclosed 
a saccular aneurysm of the thoracic aorta 
measuring 5 cm in diameter, with free rup- 
ture into the hemithorax on the left. The 
proximal and distal suture lines of the ab- 
dominal aortic graft were well healed and 
without any evidence of infection or recur- 
rent aneurysm. 


Comment 


The development of this patient’s 
aortogastroenterie fistulas was proba- 
bly related to the use of silk suture 
for the anastomosis and the lack of 
protective tissue between the suture 
line and the alimentary tract. The 
long-term continuity between the 
aorta and the prosthetic grafts is ap- 
parently dependent on the integrity 
of the suture material originally used 
to place it. Silk is now known to dete- 
riorate when placed in contact with 
body fluids over long periods of time.’ 
Consequently, most surgeons have 
abandoned silk in arterial surgery in 
favor of Dacron and other relatively 
inert materials that are not subject to 
long-term deterioration or fatigue. 

A sheet of fibrous tissue slowly en- 
velops the arterial prosthesis,” and 
surgical interposition of tissue be- 
tween the graft and nearby bowel is 
necessary, lest the bowel become one 
of the incorporating tissues. Direct 
contact of the duodenum with the su- 
ture line has been implicated as an 
important feature of the development 
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of an aortod odemal fistula. In our 
current practice, the outer layer of 

e aneurysm ss not excised, but used 
to provide adaitional tissue coverage 

d protectim trem the nearby 
bowel.’ 

A third et «logical factor in aor- 
toenteric fistr as is mfection. Inflam- 
mation and recrosis of the aorta at 
the suture līme can result in a false 
aneurysm. A ‘alse aneurysm from ei- 
ther suture decericration or infection 
can lead to ersion into the bowel and 
the productiest of a fistula with mas- 
sive bleeding. Usually, the aortoen- 
teric fistulas resulting from infection 
occur much =rlier, and gross evi- 
dence cf infec=ion is present. 

In the presence of infection around 
the graft, the most reliable surgical 
treatment camsists of complete re- 
moval of al mfected material, aortic 
closure ard arterial reconstruction 
througa arn cuinfected bed.'* In the 
absence of m©ectun, this extensive 
procedure weld seem excessive. In 
the case repasted, there was no evi- 
dence of infeetion at any time, and 
the nearby amterial tissue, although 
involved by sthereselerosis, was oth- 
erwise of goodsqua ity. Both times the 
patient underwent exploratory oper- 
ation -he graft was found to be 
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firmly encased in fibrous tissue with 
no inflammatory reaction around the 
fistula. Graft excision and rerouting 
was not essential to the successful op- 
erative repair of her condition. 

The successful repair of the unin- 
fected aortoenteric fistulas depends 
not only on the successful control of 
the bleeding, but on bowel resection 
and reconstruction without intestinal 
spillage leading to contamination and 
infection of the peritoneum, graft, 
and wound. Theoretically, the risk of 
infecting the graft under such cir- 
cumstances is very high. Surprisingly, 
opening the gastrointestinal tract in 
this unprepared patient did not result 
in seeondary infection of the graft. 
Perhaps the limited exposure of the 
healed graft necessary for the direct 
suture closure lessened the possibility 
of infection. Whether the postopera- 
tive use of antibiotics was important 
or necessary in preventing infection 
is uncertain. 

Direct suture closure of the arterial 
side of the fistula demands control of 
the bleeding for the precise place- 
ment of sutures. In order to promptly 
contrel hemorrhage without an ex- 
tensive and dangerous dissection 
through a scarred bed from previous 
dissection and foreign body reaction, 
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the initial control by finger pressure 
followed by the use of intraaortic 
balloon occlusion catheters was very 
useful." 

The inability to demonstrate a 
false aneurysm by aortography is dis- 
turbing but is not unusual. Arteriog- 
raphy, while an excellent method of 
delineating partial and complete ar- 
terial occlusions, is less valuable for 
aneurysm localization and size, be- 


cause aneurysms tend to be lami- 


nated with clot that presents a rela- 
tively normal-appearing lumen on 
arteriograms.™* 

It is of some interest that the vast 
majority of aortoenteric fistulas oceur 
between the proximal suture line and 
the duodenum. In the case reported, 
the fistula at the proximal suture line 
involved the posterior wall of the 
stomach. To our knowledge, this is the 
first case of aortogastric fistula fol- 
lowing abdominal aortic graft to be 
reported. The involvement of the 
stomach was probably related to the 
particularly high level of the proxi- 
mal anastomosis in this particular 
patient. 
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A Simple Technique for Improved Hemostasis 


John L. Herlache, MD, Courtland M. Schmidt, MD, Ann Arbor, Mich 


A simple technique for reinforcing the 
aortoprosthetic anastomosis has been devel- 
oped with use of a prosthetic cuff. No time is 
wasted obtaining hemostasis, and blood loss 
is minimized at the time of aortic clamp re- 
lease. A study of these cuffed anastomoses 
in dogs shows tissue ingrowth in both pros- 
thetic layers. 


simple technique to prevent 
minor but troublesome bleeding 

at the aortoprosthetic graft anasto- 
mosis has been developed. This tech- 
nique does not make a bad anasto- 
mosis good, but it does prevent the 
occurrence of bleeding through the 
stitch holes in the aorta and between 
the stitches, which occurs most fre- 
quently with grumous aortas or those 
which have required endarterectomy. 
It was postulated that this type of 
bleeding occurred as a result of the 
pulsatile pressure on the suture line, 
causing small but significant tears at 
the suture sites in the aorta wall and 
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small separations between sutures. 
Because the internal diameter of the 
prosthesis is slightly smaller than its 
external diameter, it was also postu- 
lated that if a cuff was placed around 
the aortoprosthetic anastomosis, it 
would supply enough support to pre- 
vent a leak, but not enough to inter- 
fere wizh flow in the anastomotic 


area. This proved to be true. 

In the past a similar technique of 
wrapping the aorta in graft material 
and suturing it anteriorly to gain he- 
mostasis after tears have occurred in 
the posterior aortic wall has been 
used. Our technique is illustrated in 
Fig 1. A piece of cuff is cut from the 
prosthesis to be used, and it is not 


Fig 1.—A, Cuff being placed over “pants” of graft. B, Cuff lies loosely over anastomosis 
without suture. C, First distal anastomosis completed with cuff tensely surrounding anasto- 
mosis. D, Cuff should be the size of aorta if graft is larger, in order to maintain desired pres- 


sure at anastomosis. 
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at the Aortoprosthetic Graft Anastomosis 


necessarily pr2clotted. If the Dacron 
graft is foani to be a little larger 
than the aorte, the cuff should be ob- 
tained from = smeller graft that is 
more nearly the size of the aortic 
stump (Fig 1,D). After completing 
the aortoprosthetic anastomosis, the 
cuff is placed over -zhe “pants” of the 
graft and is carefully pulled up into 


position by the surgeon, while the © 


first assistant holds the distal portion 
of the graft (Fig 1,A). The cuff is 
brought up over the anastomosis and 
is left loosely in place without sutur- 
ing (Fig 1,B). Next, one of the distal 
anastomoses is completed, and the re- 
maining limb is clamped near the 
“crotch” of the graft. Blood is then 


Fig 2.—Gra*t and curf showing tissue ingrowth of both layers obtained from dog killed af- 
ter seven weeks (hematoxylin-eosin, X 16). 
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permitted to flow through the two 
completed anastomoses while the 
third is being completed (Fig 1,C). 
With the cuff in place and of the 
proper size, no time is wasted in ob- 
taining hemostasis at the proximal 
anastomosis and perhaps up to 150- to 
200-ml blood loss is prevented. 

Until recently, with rare exception, 
the cuffs have been removed because 
of concern that tissue ingrowth would 
not occur in both layers of the graft— 
the prosthesis itself and the overlying 
cuff. Therefore, five dogs underwent 
distal aortic resection with placement 
of tubular Dacron graft. The proxi- 
mal anastomoses were covered with 
cuffs. The dogs were killed at five to 
ten weeks and the graft material was 
studied histologically. All sections 
showed tissue ingrowth in both layers 
(Fig 2). With this information, we 
have found it practical to leave the 
cuffs in place in those patients who 
have tenuous aortic tissue into which 
the graft has been sutured. However, 
it should be noted that removal of the 
cuff after completion of the third 
anastomosis has not resulted in bleed- 
ing from the anastomotic line, proba- 
bly because clot has been able to form 
about the sutures and the suture line. 
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A Simple Surgical Ligator 


en, 


H. Courtenay Clarke, MD, Buffalo, NY 


A simple ligator has been found useful 
where digital tying is difficult. It consists of 
an autoclavable rod grooved at both ends. It 
has been applied for many types of tie utiliz- 
ing various types of suture. Its application in 
abdominal surgery has been of value. 


his is a simple useful instru- 

ment for applying ligatures in 
inaccessible locations. In 1948, Camp- 
bell' found an ordinary bifid packing 
probe useful for sliding the knot up- 
ward to ligate the stock of a ventral 
fixation pedicle during vaginal hys- 
terectomy. In laparoscopic surgery a 
ligator with similar principle is being 
used successfully.” The Bench ligator 
with suture guide arms is a more 
complex type of instrument.’ 


Materials and Methods 


The simple ligator is a rod with open- 
ended circular tips (Fig 1). The ends of the 
rods are grooved, rounded and contoured 
to hold a suture without shearing or snag- 
ging. At one end the groove is deeper and 
more acute than at the other. It is made of 
Teflon (polytetrafluoroethylene) or Kel-F 
material, which is slightly pliable, suitable 
for the autoclave, and unbreakable in ordi- 
nary use. The most useful ligators are 30 
em long and 4.5, 6.5, or 8 mm in diameter. 
The ligator is applied either directly onto, 
or just to either side of, the tie. It is pushed 
down for ligation (Fig 2). The tie may be 
single- or double-turn. 


Results and Comment 


The ligator has been applicable for 
ligation of bleeding vessels in the cul 
de sac during abdominal hysterec- 
tomy (Fig 3), treatment of the small 
vessels in the periaortic area during 
lymphadenectomy, distant ties dur- 
ing vaginal hysterectomy, repair of 
poorly accessible cervical and vaginal 
lacerations at delivery, liver sur- 
gery, hiatus hernia repair, vagotomy, 
anastomoses of the posterior layer for 
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Fig 1.—Simple ligator with grooved ends. 








Fig 2.—Application and effective forces of 
the simple ligator. Left, Application by en- 
gagement of either strand of suture. Right, 
Forces of application are mainly in the di- 
rection required for ligation. 


anterior resection of the rectosig- 
moid, and repairs of defect of the 
mesocolon in anterior resection of the 
colon. 

Several advantages are unique to 
this ligator. It can be applied in any 
direction; the direction can be varied 
in order to avoid vital organs. The 
vectors of the applied force and the 
effective force are similar. There is no 
tendency to snag and it is easy to 
reapply to complete a tie. It slides 
over knots and thus can tie knotted 
suture. There is clear visibility of the 
ligature with the instrument applied. 








Fig 3.—Ligation during deep pelvic sur- 
gery. 


It also provides good tactile sensi- 
tivity and ligature contrel. The more 
distant or inaccessible the point of 
ligature, the more useful is the simple 
ligator. 


Ligators were supplied by the Ven Instrument 
Co, Buffalo, NY. 
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Letters to the Editor 


No Medical School 
for Many Americans 


To the Editor.—I read with special 
interest the article on “The Foreign 
Medical Graduate’s Role in American 


-= Medicine” (Arch Surg 107:476-482, 
1973). I am writing in regard to this 
-~ article as I am interested in the 

20,000 young Americans who now can- 


not find places in American medical 
schools each year. 

My interest in this has been build- 
ing over the last several years. I have 


a! = been called upon to advise and assist 


in finding places for these young men 
and women from our neighboring 
community, as I am interested in 
them and willing to counsel and help 
them. It is a great tragedy that these 
young people cannot find places of ad- 
mission when they are well qualified, 
and I find that there is a definite in- 
crease in bitterness on their part 
when they see foreign medical gradu- 
ates practicing in this country in 
ever-increasing numbers. 

I am quite confident that if we had 
the will, a way could be found to edu- 
cate these young people, who in my 
opinion have priority over all other 
individuals in America. I commend 
you, and recommend that our urgent 


attention should be directed to these 
-~ young people. I trust that their need 


will be met as rapidly as possible; 


_ otherwise, we are developing a group 


deservedly antagonistic toward orga- 
nized medicine and education. 
JAMES H. BuSHART, MD 
Lawton, Okla 


Echographic Detection of Abdominal 
Aortic Aneurysms 


To the Editor.—The paper entitled 
“Abdominal Aortic Aneurysms” by 
Stokes and Butcher in the August is- 
sue of the ARCHIVES (107:297, 1973) 


_ stresses earlier diagnosis of these an- 


eurysms as a requisite for elective re- 
section with low death and morbidity 
rates. 

Of the available diagnostic proce- 
dures, echographic (reflected ultra- 
sonic scanning) examination’ is not 
mentioned. It needs to be stressed 
that in those institutions where the 
appropriate B-scanning apparatus is 
available, this method provides a non- 
invasive, painless, and safe diagnostic 
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method, which is more accurate in 
overall detection of abdominal aneu- 
rysms than conventional roentgen- 
ographic methods. It regularly per- 
mits detection of dilation of the 
abdominal aorta with an accuracy to 
within a few millimeters. Presence of 
organized intraluminal clot does not 
interfere with the diagnosis. 

Due to the noninvasive nature of 


this method, the aneurysms may be 


followed up by serial reexamination, 
if desired, and an elective time of op- 
eration selected. Surprisingly, quite a 
few of these aneurysms (the method 
permits detection of spindle-shaped 
dilations of almost any increase in 
diameter over normal) remain un- 
changed in size for prolonged periods 
of time.* At times, dissection, leak- 
age, and paraaortic hematomas may 
be detected. 

ATIS K. FREIMANIS, MD 

Toledo, Ohio 
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Type of Gastrojejunal Anastomosis 
and Duodenal Stump Blow-out 


To the Editor.—The editorial “Whith- 
er Goest the Duodenal Stump Blow- 
out” by Ward O. Griffen, Jr., MD, and 
the article “Lateral T-Tube Duode- 
nostomy” by Dardik et al (Arch Surg 
107:11, 89-90) suggest that “whether 
the [gastrojejunal] anastomosis is 
made with the use of the entire tran- 
sected stomach (Pélya) or only a por- 
tion of it (Hofmeister) makes little 
difference in postoperative duodenal 
pressures” (and therefore in the inci- 
dence of duodenal stump bloweuts). 

I should like to disagree, despite 
the well presented experimental evi- 
dence to the contrary. | 

If the model of gastrojejunal 
anastomosis is observed, not only in 
the usual anteroposterior plane but 
also sideways, it becomes evident that 
the width of the anastomosis, that is, 
the width of stomach segment used, 


should be no greater than the func- 
tional diameter of the small Heal 
loop to be attached to it. Let us con- 
template from a lateral vie 

Pélya-type anastomosis wherein the 
entire segment of divided stomach is 
sutured end-to-side to the anti- 
mesenteric wall of a loop of small 
bowel. If the patient’s stomach rem- 
nant is inadvertently allowed to be- 
come, and perhaps remain, distended 
for some time (perhaps due to mal- 
function of the nasogastric tube), it 
will be seen that because the diame- 
ter of the distended stomach at the 
anastomotic site is much greater than 
the diameter of the small bowel at- 





~ 


f; 


tached to it, the entire wall of the at- 


tached loop of small bowel may be 
stretched across the anastomotic site 
in the manner of a spring diaphragm, 
causing obstruction in all directions 
and edema as well. This closes the af- 
ferent loop. 

In my opinion, and I’m sure in the 
opinion of many others, the abandon- 
ment of the Pólya-type gastrojejunal 
anastomosis has greatly reduced the 
incidence of stomal malfunction and 
duodenal stump blowout. 

JOHN H. CRANDON, MD 
Boston 


Operations for Duodenal Ulcer 


To the Editor.—The excellent paper 
by Herrington et al (Arch Surg 
106:469, 1973) presents a persuasive 
case for vagotomy-antrectomy. as the 
preferred procedure for chronic 
duodenal ulcer requiring operation. 
The operative mortality has progres- 
sively dropped to 1.6%. The rate of 
proved recurrent ulcer is an ex- 
tremely low 0.6% and clinically satis- 
factory results are 94%. The case is 
apparently proved. The authors do 
concede a place for vagotomy-drain- 
age in poor-risk patients or when a 
gastric resection may be unduly haz- 
ardous. 

The authors are pot very chari- 
table, however, when they say, “It is 
difficult, however, to accept the 
complacency of the proponents of 
truncal vagotomy-pyloroplasty who 
willingly accept a 10% to 15% rate of 
recurrent ulceration and the subse- 
quent need for a second operation of 
5% to 10% of patients with the associ- 
ated increased morbidity and mortal- 
ity.” It is unfortunate that no strong 
proponent of conservative operations 
was represented among the discus- 
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>. I should like to speak up as a 


\ crim of tae “leyal opposition.” 


It ill behocwes any of us to become 
“complacent” with the results of any 
operatzon unzil it reaches perfection. 
A mortality of 1.6% is still three times 
that generally reported for elective 


_ vagetomy-dremage. Six percent clini- 


cally peor ‘ate results is not too far 
removed from the approximately 10% 
late poor resu ts I found in my own 
experience with either vagotomy and 
shunt eperatacns er vagotomy-hemi- 
gastrectomy. Since the vast majority 
of patients having vagotomy drain- 
age have satisfactory clinical results, 
one may also reasen that to use va- 
gotomy-antreetomy routinely is to 
use a procedure riskier and more ex- 
tensive than 90% to 95% of the pa- 
tients require Furthermore, signifi- 
cant disabliag symptoms other than 
recurrert uceration are more com- 
mon in vagctomy-antrectomy than in 
vagotomy-drainage, and often more 
difficult te correct than recurrent ul- 
ceration 

There are va id questions left unan- 
swered in the paper of Herrington et 
al. How nany patients in this 25-year 
period had ope-ations other than va- 
gotomy-antrectemy, and what were 
the mor-ality and the late results? 
Factors ether than more skillful sur- 
gery reduce mortality, including, as 
the authers concede, avoidance of the 
operatior in technically difficult and 
potential y dangerous situations. 
Mortality may aiso be lowered by op- 
erating œn patients with less severe 
disease— natural and legitimate 
consequence wien referring inter- 
nists became leased with the results. 
We should remember that comparing 
results of ducdenal ulcer surgery be- 
tween instituti@s or individual sur- 
geons is a very tricky business, be- 
cause of the many subjective values 
involved. 

There is nc onjection to Dr. Her- 
rington aad kis colleagues pursuing 
their way of improving treatment of 
ulcer patients but I submit that an 
alternative, more conservative ap- 
proach is also lezitimate and useful. 
In my own praetice I shall continue to 
employ that cperation which seems 
best to fit the ec rcumstances of the 
particular »atien-. I shall continue to 
try to finc the ~eason for the fail- 
ures—as I hope w:l. others—so that we 
can avoid < high rate of second oper- 
ation by selectinz vagotomy-antrec- 
tomy as the primary operation, if the 
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risk of recurrent ulcer is unduly high. 
For example, I find in my own experi- 
ence with vagotomy-gastrojejunos- 
tomy a second operation rate of 15% 
in patients with significant history of 
bleeding, but only 1.7% second oper- 
ations when the principal indication 
was obstruction. Whatever the reason 
for this marked difference, it would 
be foolish to continue to use the oper- 
ation for the first group, or to aban- 
don it for the second. 

Let us face the fact that the only 
operation known to date that guaran- 
tees no recurrent ulceration is total 
gastrectomy, and let us in our various 
ways try to shed light on the merits 
and demerits of the various oper- 
ations available today. I personally 
believe each of these operations has a 
place. 

STANLEY O. HOERR, MD 
Cleveland 


Reply 


To the Editor.—Dr. Hoerr’s com- 
ments are extremely interesting, but 
considerable difference of opinion ex- 
ists regarding his philosophy of treat- 
ing the complicated duodenal ulcer 
and that expressed in our paper. My 
remarks will reflect my own personal 
thoughts on the matter. 

In regard to our present overall 
mortality with vagotomy-antrec- 
tomy, which is 1.6%, it was stressed 
that this mortality included elderly 
patients operated on as an emer- 
gency, particularly in the early part 
of the clinical study. The current mor- 
tality for elective operation is under 
1%, which is almost identical to that 
following truncal vagotomy-pyloro- 
plasty in Dr. Hoerr’s hands. 

Dr. Hoerr mentioned that perhaps 
it might be of interest to know our 
experience with truncal vagotomy- 
pyloroplasty, which was not alluded 
to in the paper. We have performed 
this operation on 264 patients, some 
of whom were high-risk, with an 
overall mortality of 5% and a recur- 
rent ulcer rate of 17%. 

Dr. Hoerr emphasizes that in his 
practice he continues to employ that 
operation which seems best to fit the 
circumstances of the particular pa- 
tient. However, upon reviewing his 
very excellent contributions, I find 
that during the past ten years he has 
but rarely employed vagotomy-an- 
trectomy and has used truncal vagot- 
omy-pyloroplasty almost exclusively. 


He prefers vagotomy-antrectomy as 
the primary operation if the risk of 
ulcer recurrence is unduly high. Over 
the years I find that I am unable to 
predict from the patient’s symptoms, 
the x-ray study results, or from gas- 
tric secretory data which particular 
patient stands a high chance of devel- 
oping a recurrent ulcer. 

My philosophy in a nutshell is si 
ply that a recurrent ulcer rate « 
to 15% after truncal vagotomy-py- 
loroplasty is unacceptable, and I can- 
not see why one would deny truncal 
vagotomy-antrectomy to the good- 
risk patient in whom one feels that 
the operation can be performed with- 
out hazard, thus practically guaran- 
teeing him freedom from future re- 
currence. In comparing the two 
operations under consideration, if re- 
current ulceration is excluded, the 
side effects and long-term sequelae 
are approximately equal. 

I concur wholeheartedly with Dr. 
Hoerr that there is a place for both 
operations but I think our studies, the 
comprehensive Veterans Adminis- 
tration review conducted by Price, 
and the excellent reports of Golliger 
show that truncal vagotomy-pyloro- 
plasty is fraught with the highest 
rate of recurrent ulceration and is the 
least effective among standard oper- 
ations in reducing free hydrochloric 


acid under both fasting and stimula- — 


tory conditions. One cannot question 
the fact, however, that truncal vagot- 
omy-pyloroplasty is a welcome com- 
promise in the high-risk patient who 
has a severe inflammatory process 
around the duodenum. I reserve the 
procedure for this type of case and I 
employ it in less than 10% of my pa- 
tients. 


In presenting our paper before the — 


Western Surgical Association, I, too, 
was disappointed that there were no 
strong proponents of conservative op- 
erations represented among the dis- 
cussants, and there were many of the 
loyal opposition in the audience. I 
have no explanation as to why they 
chose to maintain their silence. 
Finally, I would suggest to those 

who feel that a limited distal resec- 
tion with vagotomy is unwarranted 
as a method of treatment of duodenal 
ulcer that gastric selective vagotomy 
with pyloroplasty is a superior oper- 
ation to truncal vagotomy-pyloro- 
plasty. 

J. LYNWOOD HERRINGTON, JR., MD 

Nashville, Tenn 


Letters to the Editor 917 












Books 


Introduction to Anesthesia: Principles 
of Safe Practice. By Robert D Dripps, MD, 
James E Eckenhoff, MD, Leroy D Vandam, MD. 
Price, $11. Pp 456. WB Saunders Co, West Wash- 
ington Square, Philadelphia, 1972. 


~The fourth edition of Introduction 
to Anesthesia remains the finest text- 
book available for medical students 
and beginning residents in anesthe- 
sia. Moreover, the benefit of this text 
is not solely reserved for the initiate. 
Many of our finishing residents have 
commented on how helpful previous 
editions of this book have been in 
their preparation for qualifying ex- 
aminations. 

The latest edition has undergone 
only minimal, but logical reorganiza- 
tion, taking the reader sequentially 
from the preanesthetic period 
through the anesthetic and into the 
postoperative period. In addition, the 
anesthetic subspecialities are co- 
gently reviewed, as are the special 
problems appropriate to the particu- 
lar subspeciality. 

Additions to this edition include 
discussions of recent innovations in 
patient care (such as pulmonary ar- 
tery catheterization and intraopera- 
tive cardiac output determinations), 
new drugs (isoflurane [Forane], en- 
flurane [Ethrane], ketamine hydro- 
chloride [Ketalar], pancuronium bro- 
mide, and bupivicaine [Marcaine]), 
and problems that have come to the 
forefront in the past few years (ma- 
lignant hyperpyrexia, nephropathy, 
and anesthetic-related hepatitis). 
Most other chapters have been up- 
dated as reflected by the more current 
references at the end of each chapter. 

Extensive and excellent revision 
has taken place in chapters covering 
obstetrical anesthesia, therapy with 
intravenously administered fluids, 
acid-base balance, and electrical 
hazards. 

As in past editions, the text in no 
way tries to be an all-inclusive refer- 
ence text, but rather it attempts—and 
beautifully achieves—to introduce a 
subject and stimulate the reader to 
look elsewhere for complete exposi- 
tions. 

If I were to criticize any facet of 
this book, it is the lack of bibli- 
ographical annotations and the too- 
short list of references for each chap- 
ter. On the other hand, this can be de- 
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fended by the fact that a few classic 
references will serve to prompt fur- 
ther independent research by the 
student. 

Finally, I would be remiss in not 
expressing my gratitude and con- 
gratulations to the authors for this 
very able revision being accomplished 
in 15% fewer pages than the previous 
edition. Let us hope that this feat 
does not go unnoticed by all authors 
of books undergoing future revision. 

In summary, this text is a “must” 
for every student and resident; and, 
because of frequent revision, it is a 
useful reference text for the practic- 
ing anesthesiologist. 

LAWRENCE J. SAIDMAN, MD 
San Diego, Calif 


Epileptic Seizures, Clinical and Elec- 
trographic Features, Diagnosis and 
Treatment. By Henri Gastaut, MD, Roger 
Broughton, MD. Price, not given. Pp 286, with 95 
illustrations. Charles C Thomas Publisher, 
Springfield, Ill, 1972. 


In 1959, after a lifetime of study of 
the epilepsies, Dr. Henri Gastaut’s 
clinical work was interrupted by his 
appointment as Dean of the Faculty 


of Medicine of Marseille, France. He 


had been eminently successful in per- 
suading the International League 
Against Epilepsy and the World 
Health Organization to create in- 
ternational classifications, first of epi- 
leptic seizures and then of the 
epilepsies, based upon his 18,000 clini- 
cal cases whose diagnoses were con- 
firmed by 100,000 electroencephalo- 
graphic tracings. Therefore, the task 
of writing a definitive textbook 
on epilepsy was assigned to Dr. Roger 
Broughton, based on Dr. Henri Gas- 
taut’s clinical material. This Dr. 
Broughton, now Associate Professor 
at the University of Ottawa, an asso- 
ciate of Dr. Gastaut’s from 1962 to 
1964, nas done beautifully. 

This book, published by Charles C 
Thomas Publisher, is both a general 
review and a personal document re- 
flecting the interests and beliefs of 
the authors, and represents the wide- 
spread influence of the Marseille 
school on the study and documenta- 
tion of the epilepsies. 

They like to study their epileptic 
patients, not only with the electroen- 
cephalogram but with the polygraphic 
techniques: electrocardiogram, pneu- 
mogram, electrodermogram (galvanic 
skin response), the plethysmogram, 
the barogram (intragastric or in- 






travesicular pressure), the č.. 
tromyogram and oculogram, ands, 
actogram that measures movement 
by piezoelectric transducers. 

Computer summation techniques 
that have evolved in Marseille and at 
the University of California at San 
Diego Medical School under the direc- 
tion of Dr. Reginald Bickford are also 
favored. 

The authors point out in their chap- 
ter on the effect of sleep on the EEG 
that the rare, sudden, tonic-clonic 
nocturnal seizures are practically 
never observed in rapid eye move- 
ment (REM) sleep, only in the non- 
REM stage of deep delta electrical 
electroencephalographic activity. 


There are short, historical vi- 


gnettes in the book of the develop- 


ment of clinical neurology, part 
ularly the contributions of Hughlings 
Jackson. His powers of observation 
were such that he described perfectly 
the appearance of what he termed 
“trunkal fit” or “respiratory fit” or 
“lowest level fit,” which we now call 
“axial tonic seizures,” on the basis of 
careful observation and description of 
a single case (1902). 

There are electroencephalographic 
tracings with graphs explaining the 
electroencephalographic changes in 
all types of epilepsies. Drs. Gastaut 
and Broughton prefer the term “in- 
fantile myoclonic encephalopathy 
with hypsarrhythmias” for West syn- 
drome. West syndrome is often suc- 
ceeded by what we in America have 
known as petit mal, but which the au- 
thors prefer to call “childhood epilep- 
togenic encephalopathy” with diffuse 
sharp and slower discharges (Lennox- 
Gastaut syndrome). 

There is an excellent chapter on the 
types of seizures seen in various age 
groups and a short but excellent de- 
scription of the genetic epilepsies 
(for example, the degenerative epi- 
leptogenic conditions of the Un- 
verricht-Lundborg type). 

As a further example of their con- 
cern with correct lexicon, the authors 
firmly state that the term genetic ep- 
ilepsy is considered preferable to “fa- 
milial epilepsy” as it is more accurate 
in the sense that only transmission by 
genes is involved to the exclusion 
of chromosomal abnormalities re- 
sponsible for certain epileptic dis- 
orders, such as the 21-trisomy of 
Down syndrome. 

This book includes the proposed in- 
ternational classification of the 
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epilepsies proposed in New York in 
AM ember 1969 during the world con- 
gress of representatives of the Inter- 
wstional League Against Epilepsy. 
Much of this classification reflects the 
work of the Marseille school under the 
leadership cf Drs Gastaut and 
Broughton. 

If there is to be a eriticism of the 
book, it is that, exceot for a sporadic 
reference, there is no mention of 
other tham medical treatment of the 
epilepsies. Acdicionaily, there is little 
correlation of tae anatomical area of 
the brain invelved in organic epilepsy 
correlated wth the type of seizure 


_ discharge elicited. The book, there- 


"fore, stresses primarily the clinical 


bs 


elassification of the epilepsies asso- 
eiated with their electroencephalo- 
graphic and ancilliary polygraphic 
laboratory diagnosis. 

It is a geoc book, profusely il- 
lustrated, readable, and is recom- 
mended. 

CAPT FREDERICK E. JACKSON, 
MC, USN 
Camp Pendleten, Calif 


Nonoperative Aspects-of Pediatric Sur- 
gery. By Richard S Owings, MD. Price, $10. Pp 
146. Warren H Greea Inc, 10 S Brentwood Blvd, 
St. Louis 63105, BTE 


This monograph is a collection of 
personal views-of selected areas in pe- 
diatric surgery by a man who is both 
pediatrician and pediatric surgeon. 
The auther stazes the intention of 
providing a seurce of mformation of 
preoperative and postoperative care 
for the physidam unfamiliar with the 
care of the pediatric surgical patient. 

As in any text of single authorship, 
there is uniform ty of style. However, 
the author does -ake license to preach 
strong personal beliefs regarding the 
deficiencies o pediatric care in the 
southeast and-surgical fees which are 
not of universal interest or value. In 
addition, there & no mention of the 
controversies which exist in the man- 
agement of che lesions being dis- 
cussed. In a brie” text of instructions, 
that appreack may Þe useful. How- 
ever, the auther states that his recom- 
mendations reflect tne attitudes of 


surgeons in several other recognized | 


pediatric surgical centers. I question 
whether they weuld coneur. - 

Of particular concern is a strong 
plea for “intelligent neglect” of the 
neonate. The phiiosopay is frequently 
appropriate but *he emphasis and ex- 
amples dangerously exaggerated. Dr. 
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Owings does document his beliefs 
with the observation that he has per- 
formed 2,000 consecutive surgical pro- 
cedures without a death. 

The early chapters are thorough at- 
tempts to provide instruction in the 
administration of fluids and electro- 
lytes and in metabolic changes in the 
neonate. The concepts could have 
been more accurately presented had 
fluid replacement been recommended, 
based om weight or body surface area 
rather than on milliliters per hour for 
neonates of all weights and maturity. 

Subsequent chapters are largely 
very brief vignettes of primarily neo- 
natal surgical disease. Little direct 
instruction for care of these specific 
lesions is provided. Reference mate- 
rial is very sparse. 

A significant deficiency in this 
monograph covering _ perisurgical 
problems is the lack of any signifi- 
cant discussion of pulmonary prob- 
lems and the important new tech- 
niques of airway management in the 
neonate with complications. 

The nonpediatric practitioner for 
whom this monograph was written 
may well find the chapters on fluids 
and electrolytes provide useful con- 
cepts. However, the balance of the 
text will provide little assistance. 

ARVIN I. PHILIPPART, MD 
Detroit 


Surgical Lung Diseases in Childhood. 
By W Poradowska, S Reszke, S Kubicz. Price, 
$6.75. Pp 292. Polish Medical Publishers, War- 
saw, Poland, 1972. 


This attractive atlas by the pediat- 
ric surgery and radiology consultants 
of the Research Institute for Mother 
and Child in Warsaw, Poland, sum- 
marizes the authors’ experiences with 
a large variety of congenital malfor- 
mations, inflammatory conditions, tu- 
mors, and injuries of the lung and 
pleura. The volume provides a brief 
review of the pathophysiology of res- 
piration in the newborn and a discus- 
sion of the diagnostic and therapeutic 
modalities used for infants and young 
children with pulmonary lesions. A 
survey is provided of most congenital 
malformations of the lung and 
pleura, together with brief descrip- 
tions of the recommended diagnostic 
and therapeutic measures. 

Five chapters are devoted to in- 
flammatery conditions of the lung 
and thoracic cavity, including brochi- 
ectasis, tuberculosis, staphylococcal 
pneumonia, lung abscess, and para- 


. 
. - 


sitic cysts of the lung. Notably absent x E, 


is a discussion of granulomas such as 
toxoplasmosis and histoplasmosis. 
The authors also do not indicate the 
difficulties in differentiating non- 
surgical inflammatory conditions 
from those that might be benefited by 
thoracotomy. 

A chapter concerned with neo- 
plasms of the lung and pleura sum- 


marizes well the authors’ experience 


with both malignant primary and 


metastatic tumors of the lungs. A dis- 


cussion of other neoplastic lesions in 


the chest, which may occasionally be — 


confused with pulmonary neoplasms, 
eg, neuroblastoma, thymoma, lym- 
phoma, and others, is not included, 
nor is a discussion of hamartomas 
provided. 


There is a brief review of chest 


trauma in infancy and early child- 


hood. Closed and open trauma, em- 


pyema, pneumothorax, and hemotho- 
rax are reviewed briefly. 

Conditions not encountered by the 
authors were not reviewed; con- 
sequently, the volume is incomplete 


in some areas. It focuses on the lung © 


and pleura without including the me- 
diastinum and thus excludes many le- 
sions that are often confused with 
pulmonary conditions. There is a sig- 
nificant omission of discussion about 
the problem of foreign bodies in the 
tracheobronchial tree, a condition 


which constitutes one of the more — 


common indications for surgical man- 





agement of the lung in children. Also A h 


omitted is a discussion of indications 


for lung biopsy. . 


The atlas is well illustrated with ra? ae 


diographs of most of the conditions 


discussed, and a description of each is 


provided in the captions. Photomicro-— a z 
graphs are provided of many of the Ku 


tumors and other lesions reviewed in 
the atlas. The absence of photographs 
of gross specimens, which might be 
correlated with the radiographs, is 
unfortunate. 

This volume should be of particular 
interest to pediatric surgeons, radiol- 
ogists who work with children, and 
physicians training in these and re- 
lated areas. Since the atlas reflects 
the experience from only one hospital, 
it is not as complete as some texts on 
the subject; nonetheless, it does have 
an excellent series of radiographs and 
a helpful summary of the manage- 
ment of those conditions which are 
covered. Eric W. FONKALSRUD, MD 

Los Angeles 
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News and Comment 


Radiology in Medicine and Surgical 
Emergencies.—The Department of Ra- 
diology, University of Miami School 
of Medicine (at Jackson Memorial 


Hospital) will hold its 12th annual 


seminar entitled “Radiology in Medi- 
cine and Surgical Emergencies” from 
March 23 through 30, 1974, at the 
Playboy Plaza Hotel, Miami Beach, 
Fla. General admission fee is $150 
and for residents and fellows it is $75. 
For further information, contact 
Manuel Viamonte, Jr., MD, Depart- 


ment of Radiology, University of 


Miami School of Medicine, PO Box 
875, Biscayne Annex, Miami, FL 
33152. 


Second International Symposium on 
Plastic and Reconstructive Surgery of 
the Head and Neck.—The Second In- 
ternational Symposium on Plastic 
and Reconstructive Surgery of the 
Head and Neck will be conducted 
June 8 through 13, 1975, in Chicago. 
The symposium is sponsored by the 
American Academy of Facial, Plastic, 
and Reconstructive Surgery, Inc, and 
will be held in the Continental Plaza, 
Drake, and Playboy Towers hotels. 

Faculty are being drawn from 


throughout the world to provide lec- 


tures, live and videotape surgical 
demonstrations, panel discussions, 
and filmed surgical procedures, 

Morning sessions of the meeting 
will be devoted to discussions of new 
concepts in reconstructive procedures. 
These plenary sessions will be orga- 
nized around discussion of the organ 
systems of the head and neck. After- 
noons will be devoted to instruction 
courses, short papers, and specific sur- 
gical techniques. Many of the lectures 
will qualify under the continuing edu- 
cation requirements of the American 
Medical Association. 

Papers are now being considered 
for presentation. Those wishing to 
participate in the program may sub- 
mit papers to the Scientifie Program 
Chairman, Jack D. Kerth, MD, De- 
partment of Otolaryngology and 
Maxillofacial Surgery, Northwestern 
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University Medical School, 222 E Su- 
perior St, Chicago 60611, or to M. Eu- 
gene Tardy, Jr., MD, Department of 
Otolaryngology, University of Illinois 
College of Medicine, PO Box 6998, 
Chicago 60680. 


International Symposium en Medical 
Ethics in a Changing World.—The In- 
ternational Symposium on Medical 
Ethics in a Changing World will be 
held at the Hebrew University in Je- 
rusalem, Israel, May 6 through 9, 
1974. The scientific program includes 
the following topics: medical ethics as 
viewed from the perspective of reli- 
gion; society ethics, and medical prac- 
tice; behavioral control; genetic engi- 
neering; ethics in academic medicine; 
philosophical aspects of medical eth- 
ics. For further details, contact Prof 
Charles R. Kleeman, the Hebrew Uni- 
versity-Hadassah Medical School, PO 
Box 1172, Jerusalem, Israel. 


Cardiovascular Surgery Research 
Conference.—The Cardiovascular Sur- 
gery Research Conference will be 
held in Houston from Feb 22 through 
24, 1974. For further information, 
write to the Cardiovascular Surgical 
Research Laboratory, Texas Heart 
Institute, PO Box 20269 Houston 
77025. 


Fifth Annual Postgraduate Nephrol- 
ogy Seminar.—The fifth annual post- 
graduate nephrology seminar en- 
titled “The Kidney in Systemic 
Disease” will be presented by the 
American Heart Association’s Coun- 
cil on the Kidney in Cardiovascular 
Disease at the Shamrock Hilton Ho- 
tel, Houston, March 11 and 12, 1974. 
For further information, contact 
George E. Stewart, Jr., American 
Heart Association, 44 E 28rd St, New 
York 10010. 


Refresher Course in General Sur- 
gery.—The 14th Annual Refresher 
Course in General Surgery will be 
held Feb 4 through 6, 1974, at the 
Mount Sinai Hospital, Toronto. For 


at 


further information, write the Direc- 
tor, Division of Postgraduate Medical 
Education, Medical Sciences Building, 
University of Toronto, Toronto, On- 
tario, Canada. 


Courses of the Joint Implant Surgery 


and Research Foundation.—A course@™ 


entitled “The Advanced Surgical 
Techniques of the Bechtol Total Hip 
Implant System” will be held at the 
following locations: Philadelphia: 
Cherry Hill Inn, Cherry Hill, NJ , Dec 
l and 2, 1973 (fee: $175); Hawaii: 
Kona Hilton, Island of Hawaii, March 
4 through 8, 1974 (fee: $225); Chicago: 
Hyatt Regency O’Hare, Chicago, 
April 27 and 28 (fee: $175); Hawaii: 
Royal Lahaina, Island of Maui, May 
27 through 31 (fee: $225). For further 
information, eontact F. Michael 
O’Rourke, Managing Director, Joint 
Implant Surgery and Research Foun- 
dation, 1160 N Vermont Ave, Los An- 
geles 90029. 


Course in  Postsurgical Amputee 
Management.—_New York University 
Post-Graduate Medical Schécan- 
nounces a two-day course on the 
“Postsurgical Management of the 
Amputee,” designed for those active 
in the field of amputation surgery. 
Two sections will be offered: 7411A— 
Jan 10 and 11, 1974; 7411B—May 2 
and 3, 1974. The course includes lec- 
tures, demonstrations, and labora- 
tories on the rationale of immediate 
and early postoperative management 
procedures, the use of the rigid dress- 
ing, the functions of lower limb pros- 
theses, gait analysis, prosthesis eval- 
uation, and the relationships between 
surgical and postoperative procedures 
and the functional effectiveness of 
the prosthesis. 

Tuition for the course is $150, which 
includes two laboratories on the ap- 
plication of the rigid dressing. For 
further information and applications, 
write Sidney Fishman, PhD, Pros- 
thetics & Orthotics, New York Univer- 
sity Post-Graduate Medical School, 
317 E 34th St, New York 10016. 
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of inflammatory bowel disease [Voitk], 329 
(Au) 

Disinfectants 

surgical scrub—practical consideration [Kund- 
sin], 75 (dy) 

Disinfection see Sterilization 

Diuresis 

renal response in sepsis [Hermreck], 169 (Au) 

Diuretics 


reflux 


oncotic effects of dilutional bypass, albumin, ` 


and diuretics [Marty], 21 (Jy) 

Drainage 

mediastinitis following 
[Engelman], 772 (No) 

Drug Abuse 

acutely swollen hand in the drug user [Daniel], 
548 (Oc) 

Duodenal Neoplasms 

duodenal wall tumors and the Zollinger-Ellison 
syndrome Hofmann], 334 (Au) 

Duodenal Obstruction 

management of 97 children with duodenal ob- 
struction [Wayne], 857 (De) 

Duodenal Ulcer 

complicated duodenal ulcer hemorrhage [Mac- 
gregor], 468 (Se) 

gastrin levels following thermal injury [New- 
some], 622 (Oc) 

lateral T-tube duodenostomy [Dardik], 89 (Jy) 

iara gastrointestinal bleeding [Dunphy], 367 
Se) 

operations fòr duodenal ulcer [Hoerr], 916 
(De), (reply) [Herrington], 917 (De) 


open-heart surgery 


type of gastrəjejunal anastomosis and duodenal 


ae blow-out (corres.) [Crandon], 916 

(De) 

whither goest the duodenal stump blowout? 
[Griffen], 11 (Jy) 

Duodenum | 

acute hemorrhagic pancreatitis in the dog. I. 
action of bile [Schapiro], 608 (Oc) 

intra-abdominal hemangiopericytoma [Binder], 
586 (Oc) 

Duodenum, Surgery 

type of gastrejejunal anastomosis and duodenal 
near blow-out (corres.) [Crandon], 916 

e) 

whither goest the duodenal stump blowout? 
[Griffen], 11 (Jy) 

Dust 

airborne component of wound contamination 
and infection [Walter], 588 (Oc) 


Education, Medical 

accelerated medical school curriculum [Beal], 
128 (Au) ; 

I want to be a doctor [Warren], 829 (De) 

self-paced individualized instructional packages 
for education in surgery [Davis], 215 (Au) 


A p à ha a 
ee ele eS ee a a erates 


Education, Medical, Graduate . 
reappraisal of surgical training program goals i 
[Fonkalsrud], 366 (Se) ‘Pe 
Education, Medical, Postgraduate see Educa- = 
tion, Medical, Graduate 
Education, Surgery 
reappraisal of surgical training program goals Pe 
[Fonkalsrud], 366 (Se) y AE 
self-paced individualized instructional packages 
for education in surgery [Davis], 215 (Au) 
Electricity 
electrically safe surgical environment [Dor- 
nettel, 567 (Oc) RAS. 
Embolism, Surgery hair 
massive pulmonary embolism {Heimbecker], è 
740 (No) 
Emotional Disturbances see Affective Distur- 
bances 
Endarterectomy 
development of carotid artery surgery [Thomp- 
son], 643 (No) Siap 
femoropopliteal composite dacron and autog- 
enous vein bypass grafts [Linton], 748 (No) 4 
postendarterectomy intimal flap [LeVeen], 664 — N a 
(No) ee 
Endarteritis 
acutely swollen hand in the drug user [ iel], 
548 (Oc) 
Endoscopy 
early endoscopy [Sugawa], 133 (Au) 
gastroduodenal endoscopy (corres. ) [Peterson], 
348 (Au) 
massive gastrointestinal bleeding [Dunphy], 
867 (Se) 
Endoxan see Cyclophosphamide | 
Enema ey x 
barium enema in diagnosis of gallstone ileus 
(corres.) [Saltzstein], 625 (Oc) ; 
Engineering 1 
surgical hazard control [Laufman], 552 (Oc) 
Enterocolitis, Acute i =e 
surgical complications of neonatal necrotizing — 
enterocolitis [Kosloske], 223 (Au) | 
Epidermoid Carcinoma see Carcinoma, Epider- 
moid ¥ 
Equilibrium etd 
mechanical considerations of the hip joint 
[Johnston], 411 (Se) Om 
ERRATA NEI 
84 (Jy), 464 (Se) ` 
Esophageal Reflux AE: A 
fundoplication for gastroesophageal reflux “PN 
[Ellis], 186 (Au) A: 
hiatal hernia with esophagitis [Sifers], 195 w 








(Au) Ti 
Esophageal Stenosis 
esophageal anastomosis [Akiyama], 512 (Oc) hee 
esophageal reconstruction for stenosis due to ~— 
diffuse scleroderma [Akiyama], 470 (Se) n5 
Esophageal Varices wi Be d 
early endoscopy [Sugawa], 133 (Au) ae 
massive gastrointestinal bleeding [Dunphy], 
367 (Se) eae 
Esophagitis a?!) 
gastroesophageal erosions and ulcerations (Car- +) 7 
` yasquilla], 447 (Se) Rs 
Estrogens ae 
palliative treatment of mammary cancer =ë | 
[Sievers], 43 (Jy) tay > 
Ethylene Oxide 7 "EEE 
care of anesthetic equipment and other devices ii E 
[Duncalf], 600 (Oc) oe 
Exercise see Exertion . ae 
Exertion ce. Sil 
myocardial function and infarct size after ex- <a 
perimental myocardial infarction [Paster- 
nak], 892 (De) ERREA 
Extracorporeal Circulation WEE 
myocardial depression following citrated blood Wiii 
transfusion [Cooper], 756 (No) E EEE 


Extremities BRET. 
compression bandage for lower extremities TD 
(corres.) [Battle], 816 (No) 7 Bi 
femoropopliteal composite daeron and autog- $I 

enous vein bypass grafts [Linton], 748 (No) " 


femorotibial vein bypass [Kahn], 309 (Au) 7 
massive thigh injuries with vascular disruption : 

[Ledgerwood], 201 (Au) "s 
noninvasive quantitation of venous hemody- x 

namics in the postphlebitie syndrome 

[Barnes], 807 (No) 

e 
. 
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* Extremities—Continued 

postendarterectomy intima] flap [LeVeen], 664 
(No) 

predictability of vascular reactivity relative to 
sympathetic ablation [Yao], 676 (No) 

reconstructive surgery distal to the popliteal 
trifureation [Nicholas], 652 (No) 

surgical therapy of fibrosarcoma of extremities 
[Castro], 284 (Au) 

vascular problems in replantation of limbs 
[Danese], 715 (No) 

Extremities, Artificial see Artificial Limbs 


F 


Family Practice see General Practice 

Fees and Charges 

fees [Goldwyn], 127 (Au) 

Femoral Artery 

femoropopliteal composite dacron and autog- 
enous vein bypass grafts [Linton], 748 (No) 

limited indications for unilateral aortofemoral 
or iliofemoral vascular grafts [Levinson], 791 
(No) 

oxygenation in  femoral-to-femoral 
[Roshe], 166 (Au) 

reconstructive surgery distal to the popliteal 
trifurcation [Nicholas], 652 (No) 

Femoral Vein 

femorotibial vein bypass [Kahn], 309 (Au) 

oxygenation in femoral-to-femoral bypass 
[Roshe], 166 (Au) 

Femoroperoneal Shunt see Blood Vessel 
Shunts 

Fibrin 

fibrin-fibrinogen degradation products in car- 
diovascular surgery [Call], 884 (De) 

Fibrinogen 

fibrin-fibrinogen degradation products in car- 
diovascular surgery [Call], 834 (De) 


bypass 


_ ST fibrinogen and the prevention of venous 


thrombosis [Hume], 803 (No) 

postoperative thromboembolism 
783 (No) 

Fibrinolysis 

relationship of fibrinolytic system to postopera- 
tive thrombotic phenomena [Sautter], 292 
(Au) 

Fibrosarcoma 

surgical therapy of fibrosarcoma of extremities 
[Castro], 284 (Au) 

Finger Joint 

studies in finger joint replacement [Flatt], 437 
(Se) 

Fires 

carbon monoxide toxicity in human fire victims 
[Zarem], 851 (De) 

First Aid 

carbon monoxide toxicity in human fire victims 
[Zarem], 851 (De) 

Fistula 

aortogastric and aortoileal fistulas repaired by 
direct suture [Tobias], 909 (De) 

Fluorouracil 

thrombocytopenia from metastatic carcinoma of 
the breast [Sugarbaker], 528 (Oc) 

Foreign Medical Graduates 

foreign medical graduate’s role in American 
medicine [Sodeman], 476 (Se) 

Forensic Medicine 

electrically safe surgical environment [Dor- 
nette], 567 (Oc) 


[Hartsuck], 


Galactorrhea see Lactation Disorders 
Gallbladder see also Cholecystectomy 
multiseptate gallbladder [Croce], 104 (Jy): cor- 
rection, 464 (Se) 
operative cholangiography [Isch], 106 (Jy) 
spontaneus perforation of the normal gallblad- 
der [Schour], 465 (Se) 
Gallbladder Neoplasms 
Paraganglioma of the gallbladder 
[Wolff], 493 (Se) 
Gallstones see Cholelithiasis 
Gamma Rays see Radiation 
Ganglia, Autonomic 
pediatric and adult pheochromocytomas [Frei- 
er], 252 (Au) 
Ganglionic Blockaders 
pacemaker-induced hypotension for intracranial 
aneurysm surgery [Fein], 374 (Se) 


(corres. ) 
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Ganglionic Blocking Agents see Ganglionic 
Blockaders 

Ganglioplegic Agents see Ganclionic Block- 
aders 

Gangrene 

determination of amputation levye? [Moore], 798 
(No) 

Gastrectomy 

lateral] T-tube duodenostomy [Dandik], 89 (Jy) 

operations for duodenal ulcer [Hoerr], 916 
(De), (reply) [Herrington], %17 (De) 

Gastric Acidity Determination 

metabolic acidosis, stress, and gastric lesions in 
the rat [Mullane], 456 (Se) 

Gastric Fistula 

aortogastric and aortoileal fistules repaired by 
direct suture [Tobias], 909 (De) 

Gastric Juice Secretion 

immunosympathectomy and gastric secretion 
[Rivilis], 618 (Oc) 

Gastric Mucosa 

gastrin levels following thermal injury [New- 
some], 622 (Oc) 

Gastritis 

gastroesophageal erosions and uleerations [Car- 
rascuilla], 447 (Se) 

Gastroduodenal Ulcer see Peptic Ulcer 

Gastrointestinal Neoplasms 

cell-mediated immunity to 
[Falk], 261 (Au) 

clinical evaluation of carcinoembryonic antigen 
test [Meeker], 266 (Au) 

Gastroscopy 

complicated duodenal ulcer hemerrhage [Mac- 
gregor], 468 (Se) 

General Practice 

family practice residency and scrgical special- 
ties [Kettelkamp], 364 (Se) 

Germicides see Disinfectants 

Glare Sensitivity 

illumination hazard 
[Beck], 560 (Oc) 

Globulins 

radiation reversal of acute rejection in patients 
with life-threatening infections [Fidler], 256 
(An) 

Gloves, Surgical 

surgical scrub—practical consideration [Kund- 
sin], 75 (Jy) 

Glucagon 

infusion following phosphodiesterase inhibition 
[M:tts], 12 (Jy) 

metabolic and microcirculatory effects of glu- 
cagon in hypovolemie shock [Schumer], 176 
(Au) 

Glucose 

tissue metabolites in endotoxim and hemor- 
rhagic shock [Blackwood], 181 (Au) 

Grafts see Transplantation; Veins, Transplan- 
tation 

Gram Negative Bacteria 

severe sepsis from Enterobacter [Iannini], 854 


(De) 


haman tumors 


in the operating room 


H 


Haiti 

surgery in Haiti [Lepreau], 483 (Se) 

Hand 

acutely swollen hand in the drug user [Daniel] 
548 (Oc) 

Heac Neoplasms 

clinical evaluation of carcinoembryonic antigen 
test [Meeker], 266 (Au) 

Heart Abnormalities see Heart Defects, Con- 
genital 

Heart Catheterization 

myocardial infarction ventriculer septal defect 
[Willman], 275 (Au) 

Heart Defects, Congenital 

valve-containing dacron prosthesis [Bowman], 
724 (No) 

Heart Disease, Ischemic see Coronary Dis- 
ease, Surgery 

Heart Enlargement 

surgical treatment of partial atrioventricular 
canal [McMullan], 705 (No) 

Heart Injuries 

cardiac valve injury with majer chest trauma 
[Bryant], 279 (Au) 

Heart Septal Defects, Ventricular 

myocardial infarction ventricular septal defect 
[Willman], 275 (Au) 


Heart Surgery 

mediastinitis following open-heart surgery [En- 
gelman], 772 (No) 

saphenous vein bypass as a secondary cai Ma 
procedure [Skow], 34 (Jy) f 

Heart Valve Prosthesis 

severe sepsis from Enterobacter [Iannini], %4 
(De) 

valve-containing dacron prosthesis [Bowman], 
724 (No) 

Heart Valves 

cardiac valve injury with major chest trauma 
[Bryant] 279 (Au) 

Heat 

care of anesthetic equipment and other devices 
[Duncalf], 600 (Oc) 

Hemagglutination Inhibition Tests 

fibrin-fibrinogen degradation products in cardio- 
vascular surgery [Call], 834 (De) 

Hemangiopericytoma 

intra-abdominal hemangiopericytoma [Binder], 
536 (Oc) 

Hematemesis 

Mallory-Weiss syndrome [Wychulis], 868 (De) 

Hematocrit 

alterations in arterial hematocrit reading [Cow- ai 
en], 56 (Jy) 

Hematoma 

12] fibrinogen and the prevention of venous 
thrombosis [Hume], 803 (No) 

Hemodynamics 

glucagon infusion following phosphodiesterase 
inhibition [Mitts], 12 (Jy) 

massive pulmonary embolism [Heimbecker], 
740 (No) 

noninvasive quantitation of venous hemodynam- 
ics in the postphlebitic syndrome [Barnes], 
807 (No) 

Hemoglobin 

intraoperative autotransfusion in abdominal 
aortic resections [Brener], 78 (Jy) 

Hemoptysis 

silicone elastomer plombage for severe hemop- 
tysis [Mayer], 101 (Jy) 

Hemorrhage 

acute hemorrhagic pancreatitis in the dog. I. 
action of bile [Schapiro], 608 (Oc) 

Hemorrhage, Gastrointestinal 

arteriography in diagnosis of acute gastroin- 
testinal tract bleeding [Stanley], 188 (Au) 

complicated duodenal uleer hemorrhage [Mac- 
gregor], 468 (Se) : 

early endoscopy [Sugawa], 133 (Au) 

gastroesophageal erosion and ulcerations [Car- 
rasquilla], 447 (Se) 

intragastric instillation of levarterenol [Kise- 
low], 387 (Se) 

Mallory-Weiss syndrome [Wychulis], 868 (De) 

massive gastrointestinal bleeding [Dunphy], 367 
(Se) 

metabolic acidosis, stress, and gastric lesions in 
the rat [Mullane], 456 (Se) 

Hemostasis 

alterations in arterial hematocrit reading [Cow- 
en], 56 (Jy) 

simple technique for improved hemostasis at 
the aortoprosthetic graft anastomosis [Her- 
lache], 912 (De) 

Heparin 

myocardial depression following citrated blood 
transfusion [Cooper], 756 (No) 

1] fibrinogen and the prevention of venous 
thrombosis [Hume], 808 (No) 

pulmonary embolism [Pollak], 66 (Jy) 

Hepatitis 

intraoperative autotransfusion in abdominal 
aortic resections [Brener], 78 (Jy) 

Hernia 

Spigelian hernia [Singer], 515 (Oc) 

Hexachlorophene 

concentration in the blood of operating room 
personnel [Butcher], 70 (Jy) 

five-year prospective study of 238,649 surgical 
wounds [Cruse], 206 (Au) 

surgical scrub—practical consideration [Kund- 
sin], 75 (Jy) 

Hiatal Hernia see Diaphragmatic Hernia 

Hip Joint 

mechanical considerations of the hip joint 
[Johnston], 411 (Se) 
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Hip, Surgery 
1%] fibrinogen and tae prevention of venous 
thrombosis [Hume]. 83 (Na) 
| Infections see Cross Infection 
ousekeeping 
airborne component of wound contamination 
aa [Waker , 588 (Ge) 
rus 


biomechanics of the sherlder jeint [Lucas], 425 
(Se) 

Hyperemia 

immunosympathectomy and gastrie seeretion 
[Rivilis], 618 (Oc) 

Hyperplasia 

parathyroidectomy fer yperp/asia in renal dis- 
ease [Katz], 51 (J7) 

Hypertension 

repair of two false amecrysms=of the abdominal 
aorta [Gomez], 91 (Jy) 

Hypertension, Rena 

indications for pemm=nsplant nephrectomy 
[Rosenberg], 233 (A=) 

renovascular hypertensson in the pediatric pa- 
tient [Fry], 692 (Nə 

Hypogastric Plexus 

anatomic relations of >elvic awtenomic nerves 


Aer +5 pelvic operations Lee], 324 (Au) 


b 


rr 


Hypotension 
pacemaker-induced kymotensien [Bendixen], 363 


(Se) 
pacemaker-induced hypotension for intracran- 
ial aneurysm surgery [Fein], 374 (Se) 


IGA 

increased IgA in women free of recurrence af- 
ter mastectomy anð radiation [Meyer], 159 
(Au) 

IGG 

inhibition of renal allograft rejection [Yone- 
moto], 390 (Se) 

lleoceca! Valve 

ileocecal syndrome in acute childhood leukemia 
[Sherman], 39 Oy 

lleostomy 

enterostomal therapy [Benfield], 62 (Jy) 

lleus see Intestinal @ostructien 

Illumination see Lghcing 

Immune Serums 

cell-mediated immurity 
[Falk], 261 (Au) 

gastrin levels follewing thermal injury [New- 
some], 622 (Oc) 

Immunity, Cellular 

cellular immune commgpetence of breast cancer 
patient receiving radiotherapy [Cosimi], 531 


Immunoglobulins 

inhibition of renal allograft rejection [Yone- 
moto], 390 (Se 

Immunosuppresssor 

cellular immune sompetenee of breast cancer 
re receiving radiotherapy [Cosimi], 531 

c) 

Inderal see Propranelol 

Infant Newborn 

surgical complicatioms of neonatal necrotizing 
enterocolitis [Kosleske], 228 (Au) 

Infarction see Mrocardia! infarction 

infarction, Pulrmom=ry see Pulmonary Em- 
bolism 

infection 

acutely swollen hamı in the drug user [Daniel], 
548 (Oc) 

five-year prospeetive study of 23,649 surgical 
wounds [Cruse], =06 (Au) 

personnel, disciplim=, and imfection [Dineen], 
603 (Oc) 

radiation reversal o acute rejection in patients 
io nT inmfeetions [Fidler], 256 

u 

surgical hazard «om-ro] [Laufman], 552 (Oc) 

Injections, Intramscular 

intramuscularly agministered krypton clathrate 
Kr 85 [Schuler] 395 (Be) 

Injuries see Weursis and injuries 

Intensive Care Unics 

surgical hazard cortrol [Laufman], 552 (Oc) 

Intercosta! Nerwes-see Thoracic Nerves 

Internationa! Card-ovascalar Society 

papers, 643-807 (Tap) 


te human tumors 
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Internship and Residency © 

family practice residency and surgical special- 
ties [Kettelkkamp], 364 (Se) 

Intestinal Diseases 

experience with elemental diet in the treatment 
of inflammatory bowel disease [Voitk], 329 
(Au) 

Intestinal Fistala 

aortogastric and aortoileal fistulas repaired by 
direct suture [Tobias], 909 (De) 

Intestinal Obstruction 

barium enema in diagnosis of gallstone ileus 
(corres.) [Saltzstein], 625 (Oc) 

Intestinal Polyps 

diffuse polyposis of the colon with severe elec- 
trolyte depletion [Sanner], 903 (De) 

Intestine, Small, Transplantation 

small bowel preservation [Toledo-Pereyra], 875 
(De) 

Intracranial Aneurysm see Cerebral Aneurysm 

Intubation 

lateral T-tube duodenostomy [Dardik], 89 (Jy) 

method for prolonged occlusion of T tubes 
[Fischer], 475 (Se) 

Intubation, Imtratracheal 

cardiorespiratory and pathologic changes dur- 
ing transtracheal ventilation in dogs [Mc- 
Dermott], 452 (Se) 

lodine 

surgical serub—practical consideration [Kund- 
sin], 75 (Jy) 

ischemia 

correlation of neck bruits and arteriosclerotic 
carotid arteries [David], 729 (No) 

determination of amputation level [Moore], 798 
(No) 

predictability of vascular reactivity relative to 
sympathetic ablation [Yao], 676 (No) 

pressure, tissue ischemia, and operating table 
pads [Souther], 544 (Oc) 

ischemic Heart Disease see Coronary Disease, 
Surgery 

Islet Cell Tumor, Ulcerogenic see Zollinger- 
Ellison Syndrome 

Isotopes see Radioisotopes 


J 


Jejunum, Surgery 

pylorojejunestomy (corres.) [Lehmann], 493 
(Se) 

type of gastrojejunal anastomosis and duodenal 
stump blow-out (corres.) [Crandon], 916 
(De) 


K a 

Kidney 

localized tissue destruction by high-intensity 
focused ultrasound [Linke], 887 (De) 

Kidney Diseases 

indications for pretransplant nephrectomy 
[Rosenberg], 233 (Au) 

parathyroidectomy for hyperplasia in renal dis- 
ease [Katz], 51 (Jy) 

Kidney Failure, Acute 

metabolic acidosis, stress, and gastric lesions in 
the rat [Mullane], 456 (Se) 

renal respense in sepsis [Hermreck], 169 (Au) 

Kidney Failure, Chronic 

bilateral nephrectomy and renal homotransplan- 
tation fer malignant nephrosclerosis [Payne], 
17 (Jy) 

parathyroidectomy for hyperplasia in renal dis- 
ease [Katz], 51 (Jy) 

Kidney, Transplantation 

bilateral nephrectomy and renal homotransplan- 
tation fer malignant nephrosclerosis [Payne], 
17 (Jy) 

improvement in cadaveric renal transplant sur- 
vival [Beaudoin], 245 (Au) 

inhibition of renal allograft rejection [Yone- 
moto], 390 (Se) 

kidney donor selection by sodium pertechnetate 
Tc 99m flow patterns [Toledo-Pereyra], 872 
(De) 

radiation reversal of acute rejection in patients 
with life-threatening infections [Fidler], 256 
(Au) 

Knee 

clinical implications of knee biomechanics [Ket- 
telkamp], 406 (Se) 

femoropopliteal composite dacron and autogen- 
ous vein bypass grafts [Linton], 748 (No) 


4 


Krypton 


intramuscularly administered krypton clathrate ` 


Kr 85 [Schuler], 895 (De) 
L 


Lactate Dehydrogenase 

acute hemorrhagic pancreatitis in the dog. I. 
action of bile [Schapiro], 608 (Oc) 

Lactates 

tissue metabolites in endotoxin and hemorrhagic 
shock [Blackwood], 181 (Au) 

Lactation Disorders 

abscess in the nonlactating breast [Ekland], 
398 (Se) 

Lactic Cytochrome Reductase see Lactate De- 
hydrogenase 

Laundering 

airborne component of wound contamination 
and infection [Walter], 588 (Oc) 

Leukemia 

ileocecal syndrome in acute childhood leukemia 
[Sherman], 39 (Jy) 

Leukocytes 

cell-mediated immunity to human 
[Falk], 261 (Au) 

Levonorepinephrine see Norepinephrine 

Ligaments 

biomechanics of the spine [Morris], 418 (Se) 

clinical implications of knee biomechanics [Ket- 
telkamp], 406 (Se) ) 

Ligation 

simple surgical ligator [Clarke], 914 (De) 

Lighting 

illumination hazard in the operating room 
[Beck], 560 (Oc) 

Limbs see Extremities 

Lipase 


tumors — 


acute hemorrhagic pancreatitis in the dog. I. 


action of bile [Schapiro], 608 (Oc) 
Liver . 


localized tissue destruction by high-intensity ; 


focused ultrasound [Linke], 887 (De) 

Liver Circulation 

hepatic venous obstruction and bile flow (cor- 
res.) [Donovan], 815 (No), (reply) [Sadia] 
816 (No) . 

Liver Cirrhosis 

portal-systemic encephalopathy in noncirrhotic 
patient [Voorhees], 659 (No) | 

Liver, Transplantation 

life-sustaining canine hepatic autotransplants 
[Lavarello], 878 (De) 

successful 24-hour preservation of the canine 
liver [Petrie], 461 (Se) 

Lung Diseases 

colonization of the respiratory tract and post- 
operative pulmonary infections [Schlenker], 
313 (Au) 


nonthoracotomy diagnostic techniques for pul- — 


monary disease [Zavala], 152 (Au) 

palliative treatment of mammary cancer [Sie- 
vers], 43 (Jy) 

postoperative thromboembolism 
733 (No) 

Lung Neoplasms 

clinical evaluation of carcinoembryonic antigen 
test [Meeker], 266 (Au) 

Lymph Node Excision 


({Hartsuck], 


epidermoid carcinoma of the oral cavity and 


oropharynx [Spiro], 3&2 (Se) 

Lymphocytes 

increased IgA in women free of recurrence af- 
ter mastectomy and radiation [Meyer], 159 
(Au) 

peripheral blood lymphocytes and breast cancer 
[McCredie], 162 (Au) 

T-Lymphocytes see Immunity, Cellular 

Lymphoma 

prognosis in gastric lymphoma [Hoerr], 155 
(Au) 


Mallory-Weiss Syndrome 

early endoscopy [Sugawa], 133 (Au) 

Mallory-Weiss syndrome [Wychulis], 868 (De) 

massive gastrointestinal bleeding [Dunphy], 
367 (Se) 

Malta Fever see Brucellosis 

Mammary Arteries see Thoracic Arteries 

Manometry 

lateral T-tube duodenostomy [Dardik], 89 (Jy) 
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* Massage 


massive pulmonary embolism [Heimbecker], 740 
(No) 

Mastectomy 

cellular immune competence of breast cancer 
patient receiving radiotherapy [Cosimi], 531 
(Oc) | 

increased IgA in women free of recurrence af- 
ter mastectomy and radiation [Meyer], 159 
(Au) 

Mediastinal Neoplasms 

long survival in metastatic melanoma (corres.) 
[Tolins], 492 (Se) 

Mediastinitis 

following open-heart surgery [Engelman], 772 
(No) 

Medicine 

foreign medical graduate’s role in American 
medicine [Sodeman], 476 (Se) 

I want to be a doctor [Warren], 829 (De) 

Medicine, Legal see Forensic Medicine 

Melanoma 

cell-mediated immunity to human tumors 
[Falk], 261 (Au) 


clinical evaluation of carcinoembryonic antigen 


test [Meeker], 266 (Au) 
long survival in metastatic melanoma (corres. ) 
[Tolins], 492 (Se) 


| Metabolism 


metabolic acidosis, stress, and gastric lesions in 
the rat [Mullane], 456 (Se) 

tissue metabolites in endotoxin and hemorrhagic 
shock [Blackwood], 181 (Au) 

Methylprednisolone 

corticosteroid treatment of major trauma 
[Woodruff], 613 (Oc) 

improvement in cadaveric renal transplant sur- 
vival [Beaudoin], 245 (Au) 


successful 24-hour preservation of the canine 


liver [Petrie], 461 (Se) 

Microcirculation 

metabolic and microcirculatory effects of glu- 
cagon in hypovolemic shock [Schumer], 176 
(Au) 

Mitotic Poisons see Antineoplastic Agents 


- Mitral Valve 


diastolic mitral regurgitation in patients with 
aortic valve replacement [Nelson], 26 (Jy) 

surgical treatment of partial atrioventricular 
canal [McMullan], 705 (No) 

Motion see Biomechanics 

Mouth Neoplasms 

epidermoid carcinoma of the oral cavity and 

-oropharynx [Spiro], 382 (Se) 

Mucous Membrane 


-~ immunosympathectomy and gastric secretion 


[Rivilis], 618 (Oc) 


_ Musculoskeletal System 


biomechanics of the musculoskeletal system 
[Frankel], 405 (Se) 

biomechanics of the shoulder joint [Lucas], 425 
(Se) 

biomechanics of the spine [Morris], 418 (Se) 

clinical implications of knee biomechanics [Ket- 
telkamp], 406 (Se) 

editorial comment [Kettelkamp], 404 (Se) 

mechanical considerations of the hip joint 
[Johnston], 411 (Se) 

PST in finger joint replacement [Flatt], 437 

Se) 

Myocardial Infarct 

modification of myocardial 
[Pierce], 682 (No) 

myocardial function and infarct size after ex- 
perimental myocardial infarction [Paster- 
nak], 892 (De) l 

myocardial infarction ventricular septal defect 
[Willman], 275 (Au) 

Myocardial Revascularization see also Aorto- 
coronary Bypass 

N myocardial revascularization [Singh], 699 

0) 

Myocardium 

myocardial depression following citrated blood 
transfusion [Cooper], 756 (No) 


infarct volume 


Neck 
correlation of neck bruits and arteriosclerotic 
carotid arteries [David], 729 (No) 


932 Arch Surg/Vol 107, Dec 1973 


Neck Neoplasms 

clinical evaluation of carcinoembryonic antigen 
test [Meeker], 266 (Au) 

Needles 

method for prolonged occlusion of T tubes 
[Fischer], 475 (Se) 

use of neédle holder (corres.) [Ochsner], 493 
(Se) 

Neaplasm Antigens see Antigens, Neoplasm 

Neoplasm Metastasis 

long survival in metastatic melanoma (corres.) 
[Tolins], 492 (Se) 

metastatic urethral obstruction ([Selikowitz], 
905 (De) 

Neoplasms 

angiographic evaluation in extracranial vascu- 
lar occlusive disease [Simmons], 785 (No) 

Neoplasms, Therapy 

localized tissue destruction by high-intensity 
focused ultrasound [Linke], £7 (De) 

Nephrectomy 

bilateral nephrectomy and renal homotransplan- 
tation for malignant nephroscérosis [Payne], 
17 (Jy) 

indications for pretransplant nephrectomy 
[Rosenberg], 233 (Au) ` 

renovascular hypertension in the pediatric pa- 
tient [Fry], 692 (No) 

Nephrosclerosis 

bilateral] nephrectomy and renal }omotransplan- 
tation for malignant nephrosclerosis [Payne], 
17 (Jy) 

Nerve Conduction see Neural Conduction 

Neural Conduction 

effect of graded compression on nerve conduc- 
tion velocity [Rainer], 719 (Ne) 

Neurcblastoma 

pediatric and adult pheochromoeytomas [Frei- 
er], 252 (Au) 

Neurologic Manifestations 

portal-systemic encephalopathy in the noncir- 
rhotic patient [Voorhees], 659 “No) 

NEWS—NEWS AND COMMENTS 

493 (Se), 680 (Oc), 818 (No), 920 (De) 

Nitrogen 

gastroesophageal erosions and ulcerations [Car- 
rasquilla], 447 (Se) 

Noradrenaline see Norepinephrine 

Norepinephrine 

corticosteroid treatment 
[Woodruff], 613 (Oc) 

intragastric instillation of levartereno] [Kise- 
low], 387 (Se) 


of major trauma 


o 


Operating Rooms 

airborne component of wound cəntamination 
and infection [Walter], 588 (Oc 

care of anesthetic equipment and other de- 
vices [Duncalf], 600 (Oc) 

cleanup techniques in the operating room 
[Peers], 596 (Oc) 

electrically safe surgical enviromment [Dor- 
nette_, 567 (Oc) . 

hexachlorophene concentrations in the blood of 
operating room personnel [Butcher], 70 (Jy) 

illuminetion hazard in the operating room 
[Beck], 560 (Oc) 

modern radiology in the operating reom [Berci], 
577 (Oc) x 

personnel, discipline, and infection [Dineen], 
603 (Oc) 

pressure, tissue ischemia, and operating table 
pad [Souther], 544 (Oc) 

surgical hazard control [Laufman], 552 (Oc) 

symposium on operating room hazard control, 
552-604 (Oc) 

Organ Preservation see Tissue Preservation 

Ossification, Pathologic 

heterotopic ossification in abdominsl operation 
scars [Eidelman], 87 (Jy) 

Ovary, Surgery 

palliative treatment of mammary eancer [Sie- 
vers], 43 (Jy) , 

thrombocytopenia from metastatic carcinoma of 
the breast [Sugarbaker], 523 (Oc 

Oxygen 

metabolic acidosis, stress, and gastric lesions in 
the rat [Mullane], 456 (Se) 

oxygenation in  femoral-to-femoral 
[Roshe], 166 (Au) 


bypass 


p 
Pacemaker, Artificial 


pacemaker-induced hypotension iBondizendi ags 


(Se) 

pacemaker-induced hypotension for intracra- 
nial aneurysm surgery [Fein], 374 (Se) 

Palliative Treatment 

of mammary cancer [Sievers], 43 (Jy) 

Pancreatic Diseases 

surgical approach to pancreatic inflammatory 
disease [Anderson], 340 (Au) 

Pancreatic Ducts 

surgical approach to pancreatic inflammatory 
disease [Anderson], 340 (Au) 

Pancreatitis 

acute hemorrhagic pancreatitis in the dog. I. 
action of bile [Schapiro], 608 (Oc) 

Panniculus Adiposus 

giant panniculus adiposus abdominis [Asbell], 
901 (De) 

Papillary Muscles 

disappearance of papillary muscle dysfunction 
after bypass surgery [DePasquele], 99 (Jy) 

Paraganglioma 

of the gallbladder (corres.) [Wolff], 498 (Se) 

Parathyroid Gland, Surgery 

parathyroidectomy for hyperplasia in renal dis- 
ease [Katz], 51 (Jy) 

Pectoral Nerves see Pressure 

Pelvic Neoplasms, Surgery 

prophylactic staple plication of the inferior 
vena cava [Lindenauer], 669 (No) 

Pelvis 

anatomic relations of pelvic autonomie nerves 
to pelvic operations [Lee], 324 (Au) 

Peptic Ulcer 

early endoscopy [Sugawa], 133 (Au) 

gastroduodenal endoscopy (corres.) [Peterson], 


348 (Au) 

massive gastrointestinal bleeding [Dunphy], 367 
(Se) 

pylorojejunostomy (corres.) [Lehmann], 493 
(Se) 


whither goest the duodenal stump blowout? 
[Griffen], 11 (Jy) 

Perfusion 

small bowel preservation [Toledo-Pereyra], 875 
(De) 

Pericardium 

intrapericardia] monitoring of disseeting aortic 
aneurysm (corres.) [Comer], 348 (Au) 

Phalangeal Joint see Finger Joint 

Pheochromocytoma 

pediatric- and adult pheochromocytomas [Frei- 
er], 252 (Au) 

Philosophy, Medical 

personnel, discipline, and infection [Dineen], 
603 (Oc) 

Phiebitis . 

noninvasive quantitation of venous hemodynam- 
ics in the postphlebitic syndrome [Barnes], 
807 (No) ` 

Phlebography 

combined isotope venography and lung scan- 
ning [Yao], 146 (Au) 

1235] fibrinogen ‘and the prevention of venous 
thrombosis [Hume], 803 (No) 

Phlegmasia Alba Dolens see Thrombophlebitis 

Phosphodiesterases 

glucagon infusion following phosphodiesterase 
inhibition [Mitts], 12 (Jy) 

Platelets see Blood Platelets 

Plethysmography 

noninvasive quantitation of venous hemodynam- 
ics in the postphlebitic syndrome [Barnes], 
807 (No) 

Pleural Disease 

palliative treatment of mammary cancer [Sie- 
vers], 43 (Jy) 

Pneumothorax 

oxygenation in  femoral-to-femoral 
[Roshe], 166 (Au) 

Poisoning 

renal responses in sepsis [Hermreck], 169 (Au) 

Polyethylene Terephthalate 

femoropopliteal composite dacron and autogen- 
ous vein bypass grafts [Linton], 748 (No) 

valve-containing dacron prosthesis [Bowman], 
724 (No) 

Polytetrafluoroethylene 

polytef augmentation urethroplasty [Berg], 379 
(Se) 


bypass 
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Cai) 


Popliteal Artery 

femoropopliteal comperte acron and autogen- 
oug vein bypass gmatts Linson], 748 (No) 

éconstructive surgery distal to the popliteal 
trifurcation [Nicheles], 652 No) 

Portal System 

peévtal-systemic encephalopath~ in the noncir- 
rhotic patient [Voerkees), 629 (No) 

Postoperative Compiicacicns 

pathogenesis of  .amoperadive 
[Schlenker], 846 (De 

relationship of fibrinely=.c syst=m to postopera- 
tive thrombotic paemmens Sautter], 292 
(Au) 

Potentiometry 

clinical implications of mee bicemechanics [Ket- 
telkamp], 406 (Se) 

Prednisone 

radiation reversal of «euse rjection in pa- 
tients with life-threatenmg nfections [Fid- 
ler], 256 (Au) 

thrombocytopenia from mefmstavic carcinoma of 
the breast [SugarbaxesJ, 523 ~ Oc) 

Pressure 

effect of graded compressicn o- merve conduc- 


atelectasis 


™ tion velocity [Rainer 7 (Fo 


lateral T-tube duodenestemy ‘Dardik], 89 (Jy) 

Probability 

risk factors im peritthere! acherosclerosis 
[Rosen], 308 (Au) 

Propranolol 

modification of myorertial 
[Pierce], 682 (Ne) 

Prosthesis 

studies in finger joint redlacement [Flatt], 437 
(Se) 

Protamines 

fibrin-fibrinogn degradation proaucts in cardio- 
vascular surgery [Cail -854 (Be) 

Pulmonary Artery 

valve-containing dacron prosthesis [Bowman], 
724 (No) 

Pulmonary Diseases see Bung Dseases 

Pulmonary Edema 

oncotic effects of dilu-ieral by ass, albumin, 
and diuretics [Marty , 2. J7} 

Pulmonary Embolism 

appraisal of therapy im = 6 case [Pollak], 66 
(Jy), (corres.) [Pola _, 492 1S) 

combined isotope venogrochy asd lung secan- 
ning [Yao], 146 (Au: 

ence: pulmonary embelism [Hembecker], 740 
(No) 

prophylactic staple plitateon of tne inferior 
vena cava [Lindenauer . 6€9 (Zoe 

Pulmonary Heart Disease 

cardiorespiratory and pathologie caanges during 
transtracheal ventilaticn n @gs [McDer- 
mott], 452 (Se) 

Pulmonary Valve 

valve-containing dacron poos:-hess [Bowman], 
724 (No) 

Pus see Suppuration 

Pylorus 

immuncsympathectomy and gastric secretion 
[Rivilis], 618 (Oc) 


Hhfarct volume 


Radial Nerve 

vascular problems in swepartetien of limbs 
[Danese], 715 (No) 

Radiation 

proximal ureteral obstructicn from carcinoma 
of the cervix (corres.) [Anadrso«]J, 625 (Oc) 

Radioisotope Scanning 

combined isotope venegrapiy amc lang scan- 
ning [Yao], 146 (Au) 

postoperative thromboembclism 
733 (No) 

Radioisotopes 

14] fibrinogen and the prevention ef venous 
thrombosis [Hume], 803 Ne) 

Radiology 

modern radiology in the opezstiag reom [Berci], 
577 (Oc) 

Radiotherapy 

carotid artery occlusive lisease fclowing ex- 
ye cervical irradiaties Levmson], 395 

) 


[Hartsuck], 
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Radiotherapy—Continued 

cellular immune competence of breast cancer 
patients receiving radiotherapy [Cosimi], 531 
(Oc) 

increased IgA in women free of recurrence af- 
ter mastectemy and radiation [Meyer], 159 
(Au) 

intra-abdominal hemangiopericytoma [Binder], 
536 (Oc) 

peripheral bloed lymphocytes and breast cancer 
[McCredie], 162 (Au) 

reversal of acute rejection in patients with life- 
threatening infections [Fidler], 256 (Au) 

Recovery Room see Intensive Care Units 

Rectal Neoplasms 

metastatic urethral obstruction [Selikowitz], 
906 (De) 

Rectocolitis see Colitis 

Regional Blood Flow 

intramuscularly administered krypton clathrate 
Kr 85 [Schuler], 895 (De) 

Regurgitation, Aortic Valve see Aortic Valve 
Insufficiency 

Rehabilitation 

Boston interhospital amputation study [Bur- 
gess], 830 (De), [James], 861 (De) 

Reimplantation 

vascular problems in replantation of limbs 
[Danese], 716 (No) l 

Renal Artery Obstruction 

renovascular hypertension in the pediatric pa- 
tient [Fry], €92 (No) 

Renal Artery Stenosis see Renal Artery Ob- 
struction 

Renal Failure, Acute see Kidney Failure, Acute 

Renal Failure, Chronic see Kidney Failure, 
Chronic 

Residency, Medical see Internship and Resi- 
dency 

Respiration 

cardiorespiratory and pathologic changes dur- 
ing transtracheal ventilation in dogs [Mc- 
Dermott], 452 (Se) 

Respiratory Failure see Respiratory Insuffi- 
ciency 

Respiratory Insufficiency 

cardiac valve injury with major chest trauma 
[Bryant], 279 (Au) 

oxygenation in  femoral-to-femoral 
[Roshe], 166 (Au) 

Respiratory Tract Infections 

colonization of the respiratory tract and post- 
operative pulmonary infections [Schlenker], 
313 (Au) 

Retroperitoneal Neoplasms 

intra-abdominal hemangiopericytoma [Binder], 
536 (Oc) 

Rheumatism 

studies in finger joint replacement [Flatt], 437 


(Se) 
Risk see Probability 
Roentgen Rays see Radiation 
Rubber Silicone see Silicone Elastomers 
Rupture 
myocardial infarction ventricular septal defect 
[Willman], 275 (Au) 


Safety see Accident Prevention 

Salicylates 

early endoscopy [Sugawa], 133 (Au) 

Saphenous Vein 

bypass as a secondary cardiac procedure 
[Skow], 34 (Jy) 

coronary artery disease [Ashor], 30 (Jy) 

direct myocardial revascularization [Singh], 
699 (No) 

disappearance of papillary muscle dysfunction 
after bypass surgery [DePasquale], 99 (Jy) 

femoropopliteal composite dacron and autogen- 
ous vein bypass grafts [Linton], 748 (No) 

femorotibial vein bypass [Kahn], 309 (Au) 

renovascular hypertension in the pediatric pa- 
tient [Fry], 692 (No) 

Scapula 

biomechanics of the shoulder joint [Lucas], 425 
(Se) 

Scars see Cicatrix 

Schools, Medical 

no medical school for many Americans (cor- 
res.) [Bushart], 916 (De) 


bypass 


Scleroderma 

esophageal reconstruction for stenosis due to 
diffuse scleroderma [Akiyama], 470 (Se) 

Septicemia 

severe sepsis from Enterobacter [Iann ni], 854 
(De) 

Serums see Immune Serums 

Shock, Endotoxic 

corticosteroid treatment of major trauma 
[Woodruff], 613 (Oc) 

tissue metabolites in endotoxin and hemor- 
rhagic shock [Blackwood], 181 (Au) 

Shock, Hemorrhagic 

metabolic and microcirculatory effects of glu- 
cagon in hypovolemic shock [Schumer], 176 
(Au) 

tissue metabolites in endotoxin and hemor- 
rhagic shock [Blackwood], 181 (Au) 

Shoulder Joint 

biomechanics of the shoulder joint [Lucas], 425 
(Se) 

Silicone Elastomers 

plombage for severe hemoptysis [Mayer], 101 
(Jy) 


studies in finger joint replacement [Flatt], 437 


(Se) 

Skin, Blood Supply 

determination of amputation level [Moone], 798 
(No) 

Skin, Transplantation 

massive thigh injuries with vascular disruption 
[Ledgerwood], 201 (Au) 

Societies, Medical 

authors are to be congratulated (corres.) [Tay- 
lor], 816 (No) 

role of a regional surgical society [Beal], 129 
(Au) 

Specialties, Medical 

family practice residency and surgical special- 
ties [Kettelkamp], 364 (Se) 

Spinal Cord Diseases 

portal-systemic encephalopathy in the noncir- 
rhotic patient [Voorhees], 659 (No) 

Spine 

biomechanics of the spine [Morris], 418 @Se) 

Splanchnic Nerves 


anatomic relations of pelvic autonomic nerves 


to pelvic operations [Lee], 324 (Au) 
Staphylococcus 
fibrin-fibrinogen degradation products in cardi- 
ovascular surgery [Call], 834 (De) 
Sterilization 


airborne component of wound contamination — 


and infection [Walter], 588 (Oc) 


care of anesthetic equipment and other devices | 


[Duncalf], 600 (Oc) 

cleanup techniques in the operating room 
[Peers], 596 (Oc) 

personnel, discipline, and infection [Dineen], 
603 (Oc) 

Stomach . 

immunosympathectomy and gastric secretion 
[Rivilis], 618 (Oc) 

Stomach Neoplasms 

ree, in gastric lymphoma [Hoerr], 155 

u) 

Stomach, Surgery 

fundoplication for gastroesophageal reflux [El- 
lis], 186 (Au) 

hiatal hernia with esophagitis [Sifers], 195 
(Au) 

Stomach Ulcer 


gastroesophageal erosions and ulcerations [Uar- | 


rasquilla], 447 (Se) 

immunosympathectomy and gastric secretion 
[Rivilis], 618 (Oc) 

Streptokinase 

as an adjunet to arterial surgery [Persson], 779 
(No) 

Stress 

complicated duodenal ulcer hemorrhage [Mac- 
gregor], 458 (Se) 

gastroesophageal erosions and ulcerations [Car- 
rasquilla}], 447 (Se) 

metabolic acidosis, stress, and gastric lesions in 
the rat [Mullane], 456 (Se) 

Stress, Mechanical 

mechanical considerations of the hip jeint 
[Johnston], 411 (Se) 
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” Stroke see Cerebrovascular Disorders 


Surgery 

family practice residency and surgical special- 
ties [Kettelkamp], 364 (Se) 

intra-abdominal hemangiopericytoma [Binder], 
536 (Oc) 

reappraisal of surgical training program goals 
[Fonkalsrud], 366 (Se) 

surgery in Haiti [Lepreau], 483 (Se) 

surgical hazard contro] [Laufman], 552 (Oc) 

Surgical Equipment 

simple surgical ligator [Clarke], 914 (De) 

Surgical Replantation see Reimplantation 

Surgical Wound Infection 

airborne component of wound contamination 
and infection [Walter], 588 (Oc) 

cleanup techniques in the operating room 
[Peers], 596 (Oc) 

five-year prospective study of 23,649 surgical 
wounds [Cruse], 206 (Au) 

surgical hazard control [Laufman], 552 (Oc) 

Suture Technics 

aortogastric and aortoileal fistulas repaired by 
direct suture [Tobias], 909 (De) 


Sympathectomy 


_ predictability of vascular reactivity relative to 


sympathetic ablation [Yao], 676 (No) 

Sympathetic Nervous System 

immunosympathectomy and gastric secretion 
[Rivilis], 618 (Oc) 

Sympathins see Catecholamines 

Symposium on Biomechanics of the Musculo- 
_ skeletal System 

papers, 404-437 (Oc) 

Symposium on Operating Room Hazard Con- 
trol 

guest editor’s introduction [Laufman], 552 
(Oc) 


‘papers, 552-604 (Oc) 


T 
Technetium 


_ kidney donor selection by sodium pertechnetate 


_ Te 99m flow patterns [Toledo-Pereyra], 827 


= (De) 


life-sustaining canine hepatic autotransplants 
[Lavarello], 878 (De) 
eflon see Polytetrafluoroethylene 

Tetracycline 

brucellosis: an unusual cause of postoperative 
fever (corres.) [Sharzer],.112 (Jy) 


massive thigh injuries with vascular disruption 
= [Ledgerwood], 201 (Au) 
_ reconstructive surgery distal to the popliteal 


trifurcation [Nicholas], 652 (No) 


-Thoracic Arteries 


direct myocardial revascularization [Singh], 
699 (No) 
Thoracic Nerves 


=~ effect of graded compression on nerve conduc- 


tion velocity [Rainer], 719 (No) 
origin of downstream flow in nonobstructed 
coronary arteries [Overton], 764 (No) 
rax ; 
massive pulmonary embolism [Heimbecker], 740 
(No) 
Thorax, Surgery 
long survival in metastatic melanoma (corres. ) 
[Tolins], 492 (Se) 
Thrombocytes see Blood Platelets 
Thromboembolism 


z combined isotope venography and lung scan- 


ning [Yao], 146 (Au) 


dextran 40 and thromboembolism (corres.) 
- [Atik], 492 (Se) 

postoperative thromboembolism [Hartsuck], 
733 (No) 


-~ prophylactic staple plication of the inferior 


vena cava [Lindenauer], 669 (No) 

Thrombophlebitis 

combined isotope venography and lung scan- 
ning [Yao], 146 (Au) 

1] fibrinogen and the prevention of venous 

_ thrombosis [Hume], 803 (No) 

postoperative thromboembolism 
733 (No) 

Thrombosis 

carotid artery occlusive disease following ex- 
ya cervical irradiation [Levinson] 395 
Se) 


[Hartsuck], 
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Thrombosis—Continued 

streptokinase as an adjunct to arterial surgery 
[Persson], 779 (No) 

relationship of fibrinolytic system to postopera- 
tive thrombotic phenomena [Sautter], 292 
(Au) 

vascular problems in replantation of limbs 
[Danese], 715 (No) 

Thrombosis, Coronary see Coronary Disease, 
Surgery 

Thrombosis, Venous see Thrombophlebitis 

Tibial Arteries, Surgery 

reconstructive surgery distal =o the popliteal 
trifurcation [Nicholas], 652 ~No) 

Tissue Preservation 

small bowel preservation [Toledo-Pereyra], 875 
(De) 

Trachea 

colonization of the respiratory tract and post- 
operative pulmonary infections [Schlenker], 
313 (Au) 

Transplantation see also Kidmey, Transplanta- 
tion; Veins, Transplantation 

radiation reversal of acute rejection in patients 
with life-threatening infections [Fidler], 256 
(Au) 

Transplantation, Autologous 

life-sustaining canine hepatic autotransplants 
[Lavarello], 878 (De) 

origin of downstream flow in ponobstructed cor- 
onary arteries [Overton], 74 (No) 

Transplantation, Homologous 

valve-containing dacron prosthesis [Bowman], 
724 (No) 

Transplantation Immunology 

inhibition of renal allograft rejection [Yone- 
moto], 390 (Se) 

Trauma see Wounds and Injuries 

Tributyrinase see Lipase 

Tuberculosis, Pulmonary 

silicone elastomer plombage fcr severe hemopty- 
sis [Mayer], 101 (Jy) 


U 


Ulcer ' 

gastroesophageal erosions and ulcerations [Car- 
rasquilla], 447 (Se) 

Ulnar Nerve 

effect of graded compression on nerve conduc- 
tion velocity [Rainer], 71% (No) 

Ultrasonic Therapy 

leealized tissue destruction by high-intensity 
focused ultrasound [Linke , 887 (De) 

Ultrasonics 

echographic detection of abdominal aortic 
aneurysms (corres.) [Freimanis], 916 (De) 

Umbilical Hernia 

gastroschisis [Lewis], 218 (Au) 

Undulant Fever see Brucellesis 

Upper Respiratory Infectioms see Respiratory 
Tract Infections 

Ureteral Obstruction 

metastatic urethral obstruction [Selikowitz], 
906 (De) 

proximal ureteral obstruction from carcinoma 
of the cervix (corres.) [Anderson], 625 (Oc) 

Urethra 

metastatic urethral obstruction [Selikowitz], 
906 (De) 

polytef augmentation urethroplasty [Berg], 379 
(Se) 

Urinary Incontinence 

polytef augmentation urethroplasty [Berg], 379 
(Se) 

Urinary Tract Infections 

indications for pretransplant 
[Rosenberg], 233 (Au) 

renal response in sepsis [Hermreck], 169 (Au) 

Urine 

pediatric and adult pheochromocytomas [Frei- 
er], 252 (Au) 


nephrectomy 


v 


Vagotomy 

complicated duodenal ulcer hemorrhage [Mac- 
gregor], 468 (Se) 

hiatal hernia with esophagitis [Sifers], 195 
(Au) 


Vagotomy—Continued 

operations for duodenal ulcer [Hoerr], 916 
(De), (reply) [Herrington], 917 (De) ; 

pylorojejunostomy (corres.) [Lehmann], #miS3, 
(Se) 

Vascular Diseases 

risk factors in peripheral atherosclerosis [Ros- 
en], 303 (Au) 

Vascular Surgery 

certification in vascular surgery [Warren], 641 
(No), (corres.) [McAllister], 815 (No) 

femoropopliteal composite dacron and autogen- 
ous vein bypass grafts [Linton], 748 (No) 

femorotibial vein bypass [Kahn], 309 (Au) 

gastroduodenal endoscopy (corres.) [Peterson], 
348 (Au) 

massive thigh injuries with vascular disruption 
[Ledgerwood], 201 (Au) 

Vascular Systems 

predictability of vascular reactivity relative to 
sympathetic ablation [Yao], 676 (No) 

Veins 

noninvasive quantitation of venous hemodynam- 
ics in the postphlebitic syndrome [Barnes], 
807 (No) 

Veins, Transplantation I 

direct myocardial revascularization [Singh], 
699 (No) 

femoropopliteal composite dacron and autogen- 
ous vein bypass grafts [Linton], 748 (No) 

saphenous vein bypass as a secondary cardiac 
procedure [Skow], 34 (Jy) 

Velocity Conduction Time see Neural Conduc- 
tion 

Vena Cava, Inferior 

hepatic venous obstruction and bile flow (cor- 
res.) [Donovan], 815 (No), (reply) [Sadiq], 
816 (No) 

prophylactic staple plication of the inferior 
vena cava [Lindenauer], 669 (No) 

pulmonary embolism: an appraisal of therapy 
in 516 cases [Pollak], 66 (Jy), (corres.) 
[Pollak], 492 (Se) 

Venae Cavae 

repair of two false aneurysms of the abdominal 
aorta [Gomez], 91 (Jy) 

Venography see Phlebography 

Venous Thrombosis see Thrombophlebitis 

Ventilation 

airborne component of wound contamination 
and infection [Walter], 588 (Oc) 

Vesication see Blister 

Vesico-Ureteral Reflux 

indications for pretransplant 
[Rosenberg], 283 (Au) 

Visual Aids see Audio-Visual Aids 

Volkmann Contracture 

acutely swollen hand in the drug user [Daniel], 
548 (Oc) 


nephrectomy 


Warfarin 

13I fibrinogen and the prevention of venous 
thrombosis [Hume], 803 (No) 

pulmonary embolism [Pollak], 66 (Jy) 

Water-Electrolyte Balance 

diffuse polyposis of the colon with severe elec- 
trolyte depletion [Sanner], 903 (De) 

Wounds and Injuries 

cardiac valve injury with major chest trauma 
[Bryant], 279 (Au) 

corticosteroid treatment of major 
[Woodruff], 613 (Oc) 

gastrin levels following thermal injury [New- 
some], 622 (Oc) 

massive thigh injuries with vascular disruption 
[Ledgerwood], 201 (Au) 

Writing 

reasons for writing [Warren], 511 (Oc) 


trauma . 


x 
Xenon 
determination of amputation level [Moore], 798 
(No) 
X-Ray Therapy see Radiotherapy 
X-Rays see Radiation 


Zz 


Zollinger-Ellison Syndrome 
duodenal wall tumors and the Zollinger-Ellison 
syndrome [Hofmann], 334 (Au) 
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1/23/70 Larze gastric ulcer 
on lower portion of angulus. 


endoscopy reveals it took 
7 weeks to get from here... 


to here. 





3/13/70 Ulcer completely 
healed. ndentation 
represer ts scar from ulcer 
crater. 


"The need to provide an adequate 
/therapeutic regimen. 


The goal of a: dical treatment of a peptic ulcer is to 
yromote optimum e nditions for the natural healing process by 
helping to reduce gastric secretion and hypermotility as well 

eas undue anxiety. 


The need to treat the psyche as well 
-as the soma. 


It has been saic that in peptic ulcer the psyche may require 
4s much attention zsthe soma.” This is reasonable since it is 
well known that undue anxiety from emotional stress can 
frequently cause am increase in gastric secretions and also 
hypermotility.. cc nditions that might adversely affect the 
healing process amd interfere with remission. This is where 
dual-action Libraz can help. 


1. Data on file, Hoffmann-La Roche Inc., Nutley, N.J. 071 PO. 
9. Perkel, L. L.: J Med. Soc. New Jersey, 65:242, 1968. 


BH clips to relieve undue anxiety, reduce G.I. 
| nypermotility and hypersecretion. 


Only Libra= combines in a single capsule the well-known 
antianxiety acter ef Librium® (chlordiazepoxide HCl) and the 
jependable an:iszcretory/ antispasmodic action of Quarzan® 
clidinium Br). The action of Librium helps reduce excessive 
| anxiety which amy intensify the hydrochloric acid flow in the 





| zastrointestinel t-act. At the same time, the action of Quarzan, 
i dependable-anticholinergic, helps to reduce G.I. hypermotility 
und hypersecretion to help relieve associated pain and spasm. 


Up to 8 capsules daily in divided doses. 


For optimal response, dosage should be adjusted to your 
patients requirements—1 or 2 capsules, 3 or 4 times daily. 
Rx: Librax #35 for initial evaluation of patient response 
o therapy. 
Rx: Librex +100 for follow-up therapy —this prescription 
‘or 2 to 3 week= medication can help maintain patient gains while 
yermitting less requent visits. 


EF wmn wa w gre — ee mm e e OO 


information, a summary of which follows: 

Indications: Symptomatic relief of hypersecretion, hy- 
permotility and anxiety and tension states associated with or- 
ganic or functional gastrointestinal disorders; and as adjunctive 
therapy in the management of peptic ulcer, gastritis, duo- 
denitis. irritable bowel syndrome, spastic colitis, and mild 
ulcerative colitis. 

Contraindications: Patients with glaucoma; prostatic 
hypertrophy and benign bladder neck obstruction; known 
hypersensitivity to chlordiazepoxide hydrochloride and/or 
clidinium bromide. 

Warnings: Caution patients about possible combined 
effects with alcohol and other CNS depressants. As with all 
CNS-acting drugs, caution patients against hazardous occupa- 
tions requiring complete mental alertness (e.g.. operating ma- 
chinery, driving). Though physical and psychological depend- 
ence have rarely been reported on recommended doses, use 
caution in administering Librium (chlordiazepoxide hydro- 
chloride) to known addiction-prone individuals or those who 
might increase dosage; withdrawal symptoms (including con- 
vulsions), following discontinuation of the drug and similar 
to those seen with barbiturates, have been reported. Use of 
any drug in pregnancy, lactation, or in women of childbearing 
age requires that its potential benefits be weighed against its 
possible hazards. As with all anticholinergic drugs, an inhibit- 
ing effect on lactation may occur. 

Precautions: In elderly and debilitated, limit dosage to 
smallest effective amount to preclude development of ataxia, 
oversedation or confusion (not more than two capsules per 
day initially; increase gradually as needed and tolerated). 
Though generally not recommended, if combination therapy 
with other psychotropics seems indicated, carefully consider 
individual pharmacologic effects, particularly in use of po- 
tentiating drugs such as MAO inhibitors and phenothiazines. 
Observe usual precautions in presence of impaired renal or 
hepatic function. Paradoxical reactions (e.g., excitement, stim- 
ulation and acute rage) have been reported in psychiatric pa- 
tients. Employ usual precautions in treatment of anxiety states 
with evidence of impending depression; suicidal tendencies 
may be present and protective measures necessary. Variable 
effects on blood coagulation have been reported very rarely in 
patients receiving the drug and oral anticoagulants; causal re- 
lationship has not been established clinically. 

Adverse Reactions: No side effects or manifestations 
not seen with either compound alone have been reported with 
Librax. When chlordiazepoxide hydrochloride is used alone, 
drowsiness, ataxia and confusion may occur, especially in the 
elderly and debilitated. These are reversible in most instances 
by proper dosage adjustment, but are also occasionally ob- 
served at the lower dosage ranges. In a few instances syncope 
has been reported. Also encountered are isolated instances of 
skin eruptions, edema, minor menstrual irregularities, nau- 
sea and constipation, extrapyramidal symptoms, increased and 
decreased libido—all infrequent and generally controlled with 
dosage reduction; changes in EEG patterns (low-voltage fast 
activity) may appear during and after treatment; blood dys- 
crasias (including agranulocytosis), jaundice and hepatic dys- 
function have been reported occasionally with chlordiazepox- 
ide hydrochloride, making periodic blood counts and liver 
function tests advisable during protracted therapy. Adverse 
effects reported with Librax are typical of anticholinergic 
agents, i.e., dryness of mouth, blurring of vision, urinary hes- 
itancy and constipation. Constipation has occurred most often 
when Librax therapy is combined with other spasmolytics 
and/or low residue diets. 


relieves anxiety-linked 
symptoms of peptic ulcer 


eq adjunctive 
Librax™ . 


Each capsule contains 5 mg chlordiazepoxide HCI 
and 2.5 mg clidinium Br. 


endoscopy 
reveals 
it took 
74 weeks 
to get 
from here... 


1/23/70 Large gastric ulcer 
on lower portion of angulus. 


to here. 


3/13/70 Ulcer completely 


healed. Indentation 


represents scar from ulcer 


crater. 


Case history: 


A 40-year-old male, weighing 165 Ibs, reported experiencing, 
for two months, acute epigastric and periumbilical cramping-type pain 
accompanied by nausea with occasional episodes of vomiting, but with 
no evidence of hemoptysis. 

Physical examination revealed epigastric tenderness. A G.I. 
series indicated a large, rounded ulcer, presumably a chronic peptic 
ulcer, measuring 21⁄2 cm at the base, on the lesser curvature of the 
stomach at the junction between the body and antrum 

Endoscopic findings, as recorded with the gastrocamera, 
distinctly revealed a large ulcer, presumably a chronic peptic ulcer, 
on the lower portion of the angulus. 

* The patient was hospitalized for 2 weeks on a modified ulcer 
regimen of dietary management, Librax and an antacid. Symptomatic 
relief was progressive. After 71⁄2 weeks on this therapeutic regimen, 
which included 2 capsules of Librax 4 times daily, encoscopy 
revealed the ulcer had completely healed. 
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relieves anxiety-linked 
symptoms of peptic ulcer 


eq adjunctive 
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Each capsule contains 5 mg chlordiazepoxide HC] 
and 2.5 mg clidinium Br. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Please see preceding page for 
summary of prescribing information. 





